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The  design  of  this  Book  is  not  entirely  due  to  me,  but 
was  suggested  by  the  eminent  Professional  Pablisher 
whose  name  appears  at  the  foot  of  the  title  page.  The 
necessity  for  its  production  became  apparent  from  the 
many  enquiries  made  of  him  for  a  work  of  this  character^ 
and  when  he  did  me  the  favor  to  consult  me  on  the 
subject,  it  at  ouce  occurred  to  my  mind  that  the  Book 
should  be  one  which  if  placed  in  the  hands  of  my  pupils 
would  afford  them  the  materials  for  the  nucleus  of  that 
professional  knowledge  that  should  goveru  theii*  pmsuits 
in  after-life;  a  Tolume  to  which  men  of  all  professions 
collateral  to  my  own  might  constantly  refer  for  assistance 
and  information^  a  volume  which  would  guide  the  pos- 
sessor or  agent  of  real  property,  alike  in  the  transfer  as  in 
the  improvement  or  management  of  his  estates;  and 
finally,  a  volume  that  would  be  found  acceptable  on  the 
table  and  desk  of  every  practical  man  and  student 
throughout  the  kingdom. 

In  the  preparation  of  such  a  work,  an  attempt  at 
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complete  originality  would  be  as  futile  as  it  is  unne- 
cessary; so  many  matters  of  scientific  detail^  having  long 
since  become  in  a  great  measure  common  property;  I 
bave  therefore  in  tbe  first  five  chapters  which  treat  of 
Arithmetic,  Geometry,  Mensuration,  and  Trigonometry, 
consulted  established  authorities,  but  especially  I  should 
mention  Mr.  Laws*  Edition  of  "  Dr,  Gregorys  Mathe- 
matics  for  Prax^ical  Men,''  There  are  also  a  lew  other 
instances  of  very  minor  importance,  in  which  having 
found  material  ready  to  my  hand,  I  have  not  hesitated 
to  transcribe  it  (I  hope  honorably)  to  these  pages,  having 
acknowledged  each  instance  as  it  occurs.  The  remaining 
matter,  forming  the  great  bulk  of  the  work,  has  been  an 
undertaking  of  immense  labour ;  has  occupied  the  leibure 
time  of  several  years ;  and  will  I  trust  be  found  to  answer 
the  purposes  for  which  it  is  intended. 

If  it  may  sometimes  appear  to  competent  persons  that 
too  great  an  importance  has  been  given  to  trivial  things, 
they  must  bear  in  mind  that  I  have  been  writing  for  the 
benefit  of  all  parties;  alike  for  those  who  may  be  assumed 
to  know  but  very  little  of  the  subjects  treated  of,  as  for 
those  who  are  well  informed  upon  them.  On  the  other 
hand  I  must  claim  indulgence  if  any  of  my  observations 
are  not  sufficiently  in  detail  for  the  comprehension  of  the 
less  skilled  portion  of  my  readers,  both  on  account  of  the 
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very  liiiiited  space  at  my  command  for  the  disposition  of 
so  '  many  subjects^  and  the  great  difficulty  an  efficient  per- 
son experiences  in  describing  such  things  as  appear  to 
him  so  simple  that  he  imagines  everyone  must  know  them. 

It  is  presmned  that  a  very  important  feature  of  the 
work  will  be  found  in  the  numerous  Tables  with  which 
its  pages  are  interspersed.  To  the  practical  man  Tables 
on  many  of  the  subjects  which  are  herein  contained  are  of 
unknown  value,  by  aflbrding  much  facility  for  calculation, 
and  by  greatly  diminishing  the  chances  of  error. 

The  chapters  upon  Engineering,  Surveying,  Hydrau- 
lics, and  Valuations  are  extended  to  a  length  commen- 
surate only  with  the  importance  of  the  matters  considered, 
and  the  necessity  of  expounding  the  many  and  varied 
rules  by  which  operations  of  that  kind  are  directed. 

The  Builders'  Prices  are  intended  to  represent  such 
a  scale  as  will  serve  to  remunerate  the  master  tradesman 
for  the  outlay  of  his  capital,  his  superintendence,  aud 
skill ;  and,  although  they  are  published  at  a  time  when 
unfortunately  prices  are  influenced  by  a  variety  of  oper- 
ating causes,  it  is  believed  they  will  be  found  fair  expo- 
nents of  average  charges.  With  this  view  they  have  been, 
in  some  instances,  submitted  to  artificers  themselves,  for 
confirmation  of  my  opinions ;  and  the  assistance  rendered 
me  in  this  particular  by  Mr.  Powell,  a  plumber,  painter. 
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and  glazier,  and  Mr.  Hopwood,  aa  ironmonger,  bo.th  of 
Pimlico,  ancl  men  who  have  my  confidence,  and  such 
patronage  as  is  at  my  disposal  in  their  respective  busi- 
nesses, has  been  such  as  to  merit  my  acknowledgment 

here. 

The  chapters  on  Dilapidations  and  Nuisances,  with 
the  Law  of  Auction  and  Appraisements,  weie  origi- 
nally intended  to  be  supplied  by  a  barrister  of  emi- 
nence; but  it  appeared  as  the  work  progressed,  that 
the  printed  autliorities  of  which  the  publisher  of  this 
book  is  sole  proprietor,  aided  by  that  knowledge  and 
experience  which  fortune  has  enabled  me  to  acquire,  by 
the  exercise  of  general  professional  business  from  a  very 
early  age,  was  sufficient  to  produce  all  that  could  be 
desired. 

The  examples  of  Villas  and  Country  Houses  are 
obtained  from  auxiliary  sources:  and  the  chapters  on 
Landed  Property,  by  Professor  Donaldson,  convey  their 
own  description  of  that  gentleman's  assistance  on  the 
work, 

I  should  now  conclude,  but  that  I  feel  the  aid 
of  subordinates,  when  willingly  and  assiduously  accorded 
in  any  undertaking,  should  meet  with  courteous  acknow- 
ledgment. The  names  of  my  assistants,  Mr.  William  Eve 
and  Mr.  Frank  Harrow,  have  been  ah'eady  mentioned  in 
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the  book  iu  connection  with  one  of  the  most  useful  tables ; 
but,  in  addition  to  the  services  there  referred  to,  upon 
one  or  other  of  them  has  deyolved  the  tedious  and  irksome 
task  of  reading  for  the  correction  of  the  press ;  (veiy  often 
after  the  ordinaiy  biisiiiess  of  the  day  had  been  disposed 
of)  so  that  I  feel  great  pleasure  in  expressing  the  sense 
I  entertain  of  this  additional  help. 

I  hare  only  to  add,  that,  if  any  errors  are  found,  and 
the  person  who  makes  the  discovery  will  be  at  the  trouble 
of  communicating  with  me,  the  correction  shall  be  made 
in  all  future  editions,  the  preparation  of  which  I  reserve 
to  myself. 

EDWARD  RYDB. 


Ui'PBK  Bblobavb  Plage, 

Eaton  &iuA&£;  London. 


IsT  Dbobmbbb,  1653. 
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CHAP.  L 

ABITHMETIG. 

Sect.  L — Notation, 

AsiTHiiBTio  is  the  aeience  of  numberB. 

To  fihe  head  of  Botation  vre  may  refer  tlie  ^planation  of  the  pdndpal 
symbols  or  cbaractera  employed  to  express  operations  or  results  in  com- 
putation. ThiiB, 

The  sign  +  (plus)  belongs  to  addition,  and  indicates  that  the  numberii 
between  which  it  is  placed  are  to  be  added  together.  Thua,  5  +  7 
expresses  the  &am  of  o  and  7,  or  that  6  and  7  are  to  be  added  together. 

The  sign  —  (mtmis)  indicates  tbat  the  nmuber  which  is  placed  after  it 
is  to  be  subtracted  from  that  which  precedes  it.  So>  9  —  3  denotes  that 
8  is  to  be  taken  from  9. 

The  sign  denotes  cUfference,  and  is  placed  between  two  quantities 
when  i  f  K  not  immediateiy  evident  which  of  them  is  the  greater. 

The  sign  x  (into),  for  multiplication,  indicates  the  product  of  two 
numbers  between  n^ch  it  is  placed  Thus  8x5  denotes  8  times  5 
or  40. 

The  sign  -r  (%),  for  division,  indicates  that  the  number  which  pre- 
cedes it  is  to  be  divided  by  that  which  follows  it ;  and  the  quotient  that 
results  from  this  operation  is  often  represented  by  placing  the  first  num- 
ber over  the  second  with  a  small  bar  between  them.  Thus,  15  -f-  8 
denotes  that  15  is  to  be  divided  by  8,  and  the  quotient  is  expressed 
thus 

The  sign  =,  two  ^ual  and  parallel  lines  placed  horizontally,  is  that 
ofequaHty.  Thus,  2  +  3  +  4  «  9,  means  that  the  sum  of  2, 8,  and  4» 

is  equal  to  9.  « 

Inequality  is  represented  by  two  lines  so  drawn  as  to  fonii  an  angle, 
and  placed  between  two  numbers,  so  that  the  angular  point  turns  towards 
the  least.  Thus,  7  >  4,  and  A  >  B,  indicate  that  7  is  greater  than  4, 
and  the  quantity  represented  by  A  greater  than  the  quantity  represented 
by  B;  and,  on  the  other  hand,  3  <  5  and  0  <  D  indicate  that  3  is  2ss» 
than  5,  and  C  Jen  than  D 
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Colons  and  double  colons  are  placed  between  quantities  to  denote  their 
proportionality.  So,  3  ;  5  : :  9  : 15,  signifies  that  3  are  to  5  as  d  are  to 
15,  orf  = 

The  eztiactioiL  of  roots  is  iudioated  by  the  sign  ^ ,  with  a  figure  ooca- 
dooally  {daced  oyer  it  to  ezpreaa  the  d^free  of  the  root;  or  by  a /racbion 
(having  unity  for  its  nmnerator,  and  the  figure  expresnng  the  degree  of 
the  root  for  its  denominator)  placed  above  and  to  the  right  of  the  quantity 
to  have  its  root  extracted ;  thus,  ^  *  or  4*,  signifies  the  square  root  of  4 ; 
1/  27,  or  27^,  &e  cnbe  root  of  27;  ^  16  or  16^  the  fourth  .or  biquadrate 
root  of  lt>. 

The  raising  of  powers  is  expressed  by  a  whole  numher  similarly  placed, 
the  figure  denoting  the  power  to  which  the  quantity  is  to  be  raised j  thus, 
6*,  signifies  the  square  of  6 ;  8',  the  cnbe  of  8 ;  and  3*,  the  fourth  power 
of  8.  The  figures  thus  used  to  indicate  the  power,  whether  loAofe  or 
JrcKtional  numbers,  are  termed  indiees  or  ex^MmenU* 

When  both  operations  are  to  be  snooeasively  performed  upon  a  qnan* 
tity,  that  is,  when  some  loot  is  to  be  extracted,  and  then  that  root  to  be 
raised  to  some  different  power,  the  operation  is  very  simply  expressed  by 
a  fraction  placed  as  before,  the  denominafor  of  wbieh  indieates  the  root  to 
be  extracted,  and  the  numeraior  the  power  to  which  that  root  is  to  be 
afterwards  raised,  Thus,  27^,  denotes  that  the  cube  root  of  27  is  to  be 
extracted,  and  that  the  root  so  obtained  is  to  be  squared,  or  raised  to  the 
second  power.  It  is  immaterial  which  operation  is  first  performed,  for 
the  result  would  be  the  same  whether  we  first  extracted  the  cnbe  root,  as 
above,  and  then  squared  it,  or  whether  we  squared  the  number  firsts  and 
tiien  extracted  the  cnbe  root  of  the  power  so  obtained. 


Sbct.  H. — FnHtf  of  the  first  Jw  Mules  of  AriihimeHe, 

Simple  as  diese  four  rules  are,  it  is  not  unusual  to  commit  errors  in 
working  them ;  it  is,  therefore,  usefiil  to  possess  modes  of  proof. 

1.  Now,  additum  may  be  proved  by  adding 
^wnwards,  as  well  as  upwards,  and  observing 

whether  the  two  stuns  agree  ,*  or,  by  dividing 
the  numbers,  to  be  added  into  two  portions?, 
finding  the  sum  of  each,  and  then  the  fliirn  of 
those  two  separate  amounts.  Thu?,  iu  the 
margin,  the  sum  of  the  four  numbers  is  73oo ; 
Hie  sum  of  the  two  upper  ones  5867,  of  the 
two  lower  ones  1498,  and  their  sum  is  7355, 
the  same  as  before. 


2758 

2758 

8009 

3099 

469 

1029 

5857 

7355 

469 

1029 

U98 

7355 

2.  The  proof  of  tuAtnustion  is  effected  by  adding  the  remainder  to  the 
aabtnhend;  if  thdr  sum  agrees  with  the  minuend  the  work  is  rig^ 
otherwise  not 
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-3.  MwU^Ueaiian  and  divmon  reciprocally  prove  each  other. 

There  is  also  another  proof  for  multiplication^  known  technically  by  the 
phraae  easHng  out  the  mnes.  Add  together  the  numbers  from  left  to 
right  in  the  mnltiplicand,  dropping  9  whenever  the  sum  exceeds  9,  and 
carry  on  the  remainder,  dropping  the  nines  as  often  as  the  amount  is  be- 
yond them;  and  note  the  last  remainder.  Do  the  same  with  the  mnlti- 
plier  and  v^dth  the  product;  then  mnltiply  the  first  two  remainders  and 
caul  tlie  nines  out  of  their  product ;  *if  the  remninder  is  equal  to  the  last 
remainder,  thm  m  regarded  as  a  test  that  the  work  is  right.  Thus,  talking 
an  example  in  multiplication,  assume  the  figures  in  the  multiplicand  to 
amount  to  6  above  two  nines,  those  in  the  multiplier  to  6  above  three 
nines,  those  in  the  product  to  0  above  six  nines;  the  product  6  x  6  of  the 
two  first  excesses  is  36,  or  0  above  four  nines :  the  coincidence  of  the  two 
0*8  is  the  proof.  It  is  plain,  however,  that  the  proof  will  be  precisely  the 
flame  so  long  as  the  figures  in  the  product  he  the  same,  whatever  be  their 
crdcr:  tiie  proof,  thcreibrc,  tliough  iugenioufl,  is  defective*. 

A  similar  proof  applies  to  division* 


Sect.  HL —  Vulgar  Fradions, 

Common  or  Vulgar  FracHont  are  so  denominated  to  distinguish  them 

from  another  kind,  hereafter  to  he  mentioned,  called  Decimal  Fractioiu. 

A  fraction  is  an  expression  for  the  value  of  any  part  of  an  integer,  or 
whole  number,  such  number  being  considered  as  unity.  Thus,  M  a  jtound 
Sterling  be  tine  wiil,  then  a  shillmg  will  be  the  twealieth  part  oi  that  unit, 
vsaAfow  pence  will  be  four-twelfths  of  that  twentieth  part  These,  re- 
presented according  to  tiie  usual  notation  of  vulgar  fractions,  will  be  ^ 
and     of  respectively. 

The  lower  number  of  a  fraction  thus  represented  (denoting  the  number 
of  parto  into  which  the  integer  is  supposed  to  he  divided)  Is  called  the 
denominator ;  and  the  upper  figure  (which  indicates  the  number  of  those 
parts  expi'essed  by  the  fraction)  the  numerator.  Thus,  in  the  fractions 
^,  -^-ir,  7  and  15  are  denominators,  5  and  S  numerators. 

Vulgar  fractions  are  divided  into  proper,  improper,  mixed,  simple, 
compound,  and  complex* 

Prffper  fractions  have  their  numerators  less  than  their  denominators, 
as  I,  f  ,  &c. 

Improper  fractions  have  their  numerators  equal  to,  or  greater  than, 
their  denominators,  as  |,  V,  ^ 

*  The  conectneBs  of  this  proof,  with  the  ezoeptktn  diove  specified,  may  be  shewn 

algebraically,  thvis : — put  .¥  and  .V  ~  the  number  of  nines  in  the  multiplicand  and 
multiplier  respectively,  m  and  n  their  excesses;  then,  9  if m  ^  the  multiplicand, 
and  9  iV-)-  n  ^  Uie  multiplier,  and  the  product  of  those  factors  will  ht^Sl  M 
9  Jfn-)-  9  JVinsmn;  but  the  three  first  terms  «ie  each  a  p'ecise  number  of  nines; 

because  one  of  the  factws  in  each  is  so;  thes<^,  therefore,  being  neglected,  there  re- 
maina  m  n  to  hp  di\'ided  by  nine  ;  but  m  n  is  the  product  of  tho  two  former  exeessca : 
therefore  the  truth  of  the  method  is  evid^t.  Q.  E.  D. 


4  VULGAR  FRACTnOl^ 

Mixed  fractionB,  or  nmnbeFs,  are  those  compounded  of  whoU  numbers 
a&d  fractions,  as  7f ,  12|,  Sec 

Simple  fractions  are  expressions  for  parts  of  wliole  numbers,  as 

Compound  fractions  are  expressions  lor  tlie  'pstxt&  of  given  fractions,  as 
I  of  I,  f  of  j\,  <fec. 

Complex  fractions  liave  either  one  or  both  terms  fractional  mnnbers, 
5t    12    6|  . 

The  value  of  a  fraction  is  not  altered  by  multiplying  or  dividing 
both  its  nnmerator  nd  denominator  by  the  same  number;  thus, 
J»  h  il»  ilt»  "®  although  succeasively  multiplied  by  %  6, 

and  12. 

Any  number  which  will  divide  two  or  more  numb^  without  re- 
mainder, is  called  their  comBfum  niiecuwe. 

BBDUCnON  OF  TULaAB  FBACnOKS. 

This  consists  principally  in  changing  them  into  a  more  commodious 

form  for  the  operations  of  addition,  snbtraction,  (fee. 

C.Am  T. —  To  reduce  frartions  to  their  lowest  terms. 

Evle. — Divide  the  numerator  and  (.lenominator  of  a  fraction  by  any 
niunber  that  will  divide  them  both,  without  a  remainder;  the  (quotient 
again,  if  postiible,  by  any  other  number :  and  so  on,  till  1  is  the  greatest 
divisor. 

Tbufl»  ia^-|lT--^T  —  4!='f' where  5,  3,  7,  7,  respectively, 
are  the  divisors* 

Or,  ^     =  |»  ^  dividing  at  once  by  735. 

iVote.^ — ^This  number  785  is  called  the  greater  common  measure  of  the 

terms  of  tbe  fraction :  it  is  found  thns — Divide  the  greater  of  the  two 
numbers  by  the  lees;  the  last  divisor  by  the  la.st  remainder,  and  so  on  till 
nothing  remains :  tbe  last  divisor  is  the  greatest  common  measure 
required. 

Oa8£  il — To  redtuee  on  im]pr<i^  /rcuiion  to  it*  equivalent  whoie  or 
mixed  mmnber. 

Rule, — ^Divide  the  nomerator  bytiie  denominator,  and  the  quotient  will 
be  the  answer :  as  is  evident  from  the  nature  of  division. 

Gasv  III. — To  reduce  a  mixed  nmn&ef  to  iU  epdvahnt  Ha^proper 
/raetion ;  ora  whole  mmiber  to  an  egtdvalent  fraction  having  any  os- 

tigned  denominator. 

Rule. — This  is,  evidently,  the  reverse  of'  Case  IT. ;  therefore  multiply 
the  whole  number  by  the  denominator  of  the  fraction,  and  add  the  nume- 
rator to  obtain  the  numerator  of  the  fraction  req[uired. 

J^^Beduoe  22^  to  an  improper  fraction,  and  20  to  a  fraction  whose 
denominator  shall  be  274. 

(22  X  43)  +  11  ss  957  new  numerator,  and  ^  the  1st  fraction. 

20  X  274  s  5480  new  nmneiator,  and       the  2nd  fraction. 

Oabb  IV. — To  revbtee  a  compound  /inaction,  to  an  epdvdknt  timfiie  one. 
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Eule. — Multiply  all  the  numerators  together  for  the  numerator,  and  all 
the  denomiuatora  together  for  the  denominator,  of  fche  simple  fraction  re- 
qnired. 

If  part  of  the  oompoimd  fraction  be  a  mixed  or  a  whole  nwaber^  reduce 
the  former  to  an  improper  fraction,  and  make  the  latter  a  fraction  by 
pladng  1  under  the  numerator. 

When  like  factors  are  foimd  in  the  numerators  and  denominators,  cancel 

them  botli. 

i:*.— Keduce  §  of  |  of  f  of  ^  of        a  tample  fraction. 

2x3x5x7x   8_2  x  5  x  8_1  xSx8    1  x  6  x   4  20 

8x4x7x9x11   4x9x11    2  x  9  x  ll""!  x  9  x  11~99 
Here  the  3  and  7  common  to  ninnerator  and  denominator  are  filBt  canceled; 
then  the  fraction  is  diWded  by  2 ;  and  then  by  2  again. 

Cask  V. —  To  reduce  fractions  of  different  denomincUors  to  e^umUeni 
fractions  having  a  common  denommaior. 

Bide, — ^Multiply  each  numerator  into  all  the  denominators  except  its 
own,  for  new  numerators ;  and  aU  the  denominators  together  for  a  common 
denominator. 

— ^Bednoe  f,  ^,  and  ^,  to  equivalent  fractions  having  a  common 
denominator. 

2x7x9^  126^ 

6  x  3  X  y  =  162  y  the  numerators. 

5  x  3  X  7  =  105  j 

3x7x9=  IS9,  the  couimon  denominator. 
Hence  the  fractions  are  ,  j^f ,  oi  |f,  4  J,  ||,  when  divided  by  3. 

Hence,  also,  it  appears  that  f  exceed  f  ,  and  that  f  exceed  |. 

ADDinOK  AND  SUBXBAOTlOlir  OP  FBA0TI0N8. 

Rtde. — ^If  thcfraotlons  have  a  common  denominator,  add  or  subtract  the 
nmnerators,  and  place  the  sum  or  difference  as  a  new  numerator  over  the 
common  denominator. 

IS  the  fractions  have  not  a  common  denominator,  they  must  be  reduced 
to  tl^t  state  before  the  operation  is  performed. 

In  addition  of  mixed  numbers,  it  is  usually  best  to  take  the  sum  of  the 
integers,  and  tliat  of  the  fractions,  separately;  and  then  their  sum,  for  the 
result  required. 

MULTIPUCATIOK  AND  DIVISION  OF  FRACTIONS. 

Bide  1.  To  multiply  a  fraction  by  a  whole  number,  imdtiply  the  mme' 
Totor  by  that  number,  and  retain  the  denominator  : — Or,  divide-  the  de^ 
nomiTuUor  by  the  same  number,  (if  a  multiple  of  it,)  and  retain  the  nume^ 
rator. 

2.  To  divide  a  fraction  by  a  whole  number,  multiply  the  denominator 
by  that  number,  and  retain  the  numerator : — Or,  divide  the  mm&rator  by 
the  same  nmnb^,  (if  a  multiple  of  it,)  and  retain  the  denominator. 
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H.  To  multiply  two  or  more  fractioTiR  is  the  same  as  to  take  a  fraction 
of  a  fraotion:  and  is,  therefore,  effected  by  taking  the  product  of  ihe 
nunteratorci  for  a  new  nnmeiatoT,  and  of  the  deiLominators  for  a  new  de« 
nominator.  (The  product  is  evidently  smaller  than  either  fiuitor  when 
each  is  leeB  than  imity.) 

4.  To  divide  one  fraction  hy  another,  invert  the  divisor,  and  proceed  as 
in  multiplication.  (The  quotient  is  always  greater  than  the  dividend 
when  the  divisor  is  less  than  nnity.) 


Sbct  IV,'— Decimals, 


The  embarrassment  and  loss  of  time  occasioned  by  the  computation  of 
quantities  expressed  in  vulgar  or  ordinary  fractions,  have  inspired  the 
idea  of  fixing  the  denominator  so  as  to  know  what  it  is  without  actually 
expressing  it.   Hence  originate  two  dispositions  of  numbers,  decimal 

/racUons  and  complex  imnbeTs.  Of  the  latter,  mcK  for  example,  as  when 
we  express  lineal  measures  in  yardn,  in  Icct  (or  thirds  of  a  yard),  and 
inches  (or  twelfths  of  afoot),  we  eiiall  treat  in  the  following  section,  and 
shall  here  confine  ourselves  to  the  former. 

Decimal  fractious,  or  sabataatlyely  decimaj$,  are  fractions  always  having 
some  power  of  ien  for  their  denominator ;  but  for  the  sake  of  brevity  only 
the  numerator  is  expressed,  being  vmtten  as  a  tohok  number  with  a  dot 
placed  on  its  left  hand,  which  dot  determine  the  value  of  the  denominator, 
the  numl)cr  of  cyphers  in  the  denominator  being  always  equal  to  the 
number  of  figures  to  the  r^hi  of  the  dot,  or  as  it  is  termed  decimal  point ; 
if  the  numher  of  significant  fignres  in  the  numerator  is  not  sufficient, 
cyphers  arc  added  to  the  leit  hand.  It  is  evident  that  the  values  of 
decimals  dticreuije  in  the  same  tenfold  proportion  frorn  the  point  towards 
the  right  hand,  as  those  of  integers  increase  towards  the  left :  thus 


The  vulgar  fraction. 


7> 
ft 

» 


tf 

ft 


The  vulgar  fraction, 


»» 


1^ 

7 

17} 

M 


is  written 


n 
» 


is  written 


•1 
•01 

-001 
OOOl 
•7 
•43 
•0125 

7-3 

42-85 
57-217 

The  value  of  a  decimal  fraction  is  not  altered  by  cyphers  on  the  right 
hand :  for  -500  or  f^^,  is  in  value  the  same  as      or  *5,  that  is  ^. 

When  decimals  terminate  after  a  certain  number  of  figures,  they  are 
called as  -126  =^  =  i,  -958  =        =  IM- 

lien  one  or  more  figures  in  the  decimal  become  repeated,  it  is  called 
a  repeating  or  drctUatmg  decimal ;  and  a  dot  is  phieed  over  the  figure  to 
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be  repeated,  if  only  one,  or  if  more  than  one,  over  flie  first  and  laat 
figureB ;  tlius : — 

•a33333,  &c  «  i  18  written  '3 

•66C60r,,&c.  =f       „  -A 

•42«;^71 428571,  &c.  =|        „  42S571 

•29ot.4504.  &c.  =^     „  •2950i 

Wlien  the  circulating  portion  of  the  decimal  is  preceded  by  other  figures 
which  do  not  circulate,  (as  in  the  last  example,)  it  is  called  a  miaeed 
dreukOe. 

Bides  for  the  management  of  this  latter  kind  of  decimals  are  given  hy 
several  anthers ;  but,  in  genend,  it  is  more  simple  and  commodious  to 
perform  the  requisite  operations  by  means  of  the  equivalent  vulgar  frac- 
tions, the  method  of  obtaining  which  is  given  in  Case  III. 

Rednction  of  Deeimals  is  a  rule  hj  which  the  known  parts  of  given 
integers  are  converted  into  equivalent  decimals,  and  vice  versd. 

Cash  I. — To  reduce  a  given  vulgar  f  raction  to  an  equivalent  dedmaL 

Rule, — Annex  as  many  cyphers  to  tJie  numerator  as  may  be  necessary 
then  divide  by  the  denominator,  and  point  off  in  the  quotient  as  many 
places  of  decimals  as  the  number  of  cyphers  added  to  the  nnmerator ;  if 
the  quotient  does  not  contain  so  many  figures,  the  defidem^  must  be  made 
up  by  cyphers  placed  on  the  left  hand. 

Oabb  U. — Any  decimal  being  given  to  Jind  its  e^vaknt  vulgar  frac- 
tion J  or  to  express  its  vohie  "by  integers  of  lower  denominations. 

Rule. — When  the  equivalent  vulgar  fraction  is  required,  place  under  the 
decimal  aa  a  denorniiiator  a  unit,  with  as  many  cyphers  an  there  are  figures 
in  the  proposed  decimal ;  and  let  the  fraction  so  constituted  be  reduced  to 
its  lowest  terms. 

Or,  if  the  value  of  the  decimal  be  required  in  lower  denominations, 
multiply  the  given  decimal  by  the  number  of  parts  in  the  next  Icenb  de- 
nomination contained  in  its  integer;  and  point  olB^  from  right  to  left,  as 
many  figures  of  the  product  as  there  were  plaee^  in  the  given  decimal. 

Multiply  the  decimal  last  pointed  off  by  the  value  of  its  integer,  in  the 
next  inferior  order,  pointing  oft'  the  same  number  of  decimals  as  hef(;)re ; 
and  thus  continue  the  proceas  to  the  lowest  integer,  or  uivtil  the  decimals 
cut  off  become  all  cyphers;  then  will  the  several  numbers  on  the  left  of 
the  separating  points,  together  with  the  remaining  decimal,  if  any,  express 
the  required  value  of  the  given  dednud, 

OisB  IIL — Tq  reduce  a  eirouXatinff  decmal  to  it*  eguivaUnt  wdgar 
frcutionm 

JRuU, — ^Take  tiie  figures  in  the  decimal  and  place  them  as  a  whole 
number  for  the  numerator,  and  under  them  for  a  denominator  as  many  9's 
as  there  are  figures  in  the  circulate,  and  the  fraction  thus  formed  will  be 

equivalent  in  value  to  the  given  decimal. 

If  the  decimiil  is  a  mixed  circulate,  subtract  the  finite  part  (or  the 
figures  which  are  not  repeated)  from  the  whole  mixed  circulate,  (both 
considered  as  whole  numbers,)  for  the  numerator;  and  for  the  denomi- 
nator, take  as  many  9*s  as  there  are  figures  in  the  drcnlating  portion  of 
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ihe  dedm&l,  with  as  many  cyphen  to  the  right  aa  thei^  are  figures  in  the 
finite  portion  of  the  same. 


Hxan^plet. 


The  circulate 

4 

t> 

•06 

tt 

•549 

m 

n 

7-630 

7630 

The  mixed  ciroolate 

•6^09 

G  4  0  9  -  *5  4 

i)  y  0  0 

Sboi.  Y. — J^iudeoimah, 

Fractions  whose  <feiiominators  arc  inaltiplea  of  12,  as  144, 1728,  <fec, 
are  called  6ku)dKimah  ;  and  the  division  and  sub-division  of  the  integer 
arc  understood  withoiit  bfinj^  expressed,  as  m  decimoh.  The  method  of 
operating  by  this  class  of  fractiona  k  principally  in  use  among  artificers, 
in  computing  the  coutents  of  work,  of  which,  the  dimenaionB  are  taken  in 
/eet,  im/ieg,  and  twe/ths  of  au  inch. 

— Set  down  the  two  dimensions  to  be  multiplied  together,  one 
nnder  the  other,  so  that  feet  shall  stand  nnder  feet,  inches  nnder  inches, 
&e.  Mnltiply  each  term  in  the  multiplicand,  be^nning  at  the  lowest,  by 
the  feet  in  the  mnllaplier,  and  set  the  resnlt  of  each  immediately  under  its 
corresponding  tCTm,  observing  to  carry  I  for  every  12,  from  tlic  inches  to 
the  hft  In  like  manner,  multiply  all  the  mnltiplicaDd  by  the  inches  of 
the  multiplier,  and  then  by  the  twelfth  parts,  settinc:  the  result  of  each 
term  one  place  removed  to  the  right  hand  when  the  multiplier  19  inches, 
and  two  places  when  the  pin  ts  iKscome  the  iiuiltiplier.  The  sum  of  these 
successive  products  will  be  the  answer  rec[uired. 

Or,  instead  of  multiplying  by  the  indies,  ifec,  take  such  parts  of  the 
multiplicand  as  these  are  of  a  foot. 

Examples, 

1.  Multiply  12/55.  l^  im.  by  7/L  d|«n«. 


A 

ins. 

/ 

A 

12 

7 

4 

or. 

12 

7 

4 

7 

3 

9 

7ft 

88 

3 

4 

88 

a 

4 

1 

10 

0 

8  ss  i  of  1  ft.  , 

3 

1 

10 

9 

5 

6  0 

9^  =  1  of  Sins. 

9 

92    2    7        0  92    2  7^ 
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2.  Multiply  35^4Jmm,  into  12/5.  Z^m$, 

ft.    ins.  ' 

36   4    6  or, 
12   3  4 


424    6  0 
8  10    1  6 
11    9  6  0 


8  ==4  of  1ft. 
4'  =  I  of  dins. 


434   3  11   0  0 


3S   4  6 
12  ft. 


424   6  0 
S  10 


10  1^ 
U  9} 


434   3  11 


The  feet  in  the  answers  are  square  feet,  hut  the  nnmhers  standing  In 
the  place  of  inches  are  not  square  inches,  hut  twelfth  parte  of  square  feet, 
each  part  heing  equal  to  12  square  inches;  and  the  numbers  In  the  (hird 

plaoe  being  twofth  part^;  of  these  are  square  inches  ;  in  like  manner,  if  the 
operation  be  carried  farUier,  every  successive  place  will  be  a  twelfth  part 
of  that  preceding  it 


Sect.  YL — Powers  and  Boots, 

1. — To  Extrad  ihe  Spuure  Root. 

Side. — ^Divide  the  given  number  into  periods  of  two  figures  each,  hy 
setting  a  point  over  ihe  place  of  vmiU,  another  over  the  place  of  hundreds, 

and  so  on  over  ^vcry  second  figure,  both  to  the  left  hand  in  integers,  and 
to  the  right  hand  in  decimals.  Find  tho  greatest  square  in  the  first  period 
on  the  left  Land,  and  set  its  root  on  the  right  hand  of  the  given  number, 
after  the  manner  of  a  quotient  fie:nre  in  di\usion.  Subtract  the  aquaro  tluis 
found  from  the  said  period,  aud  to  the  remainder  annex  the  two  hgures 
of  the  next  following  period,  for  a  dividend.  Double  the  root  above- 
menti<med  for  a  divisor,*  and  find  how  oftm  it  is  contained  in  the  said 
dividend,  6»dudve  of  its  right-hand  figure ;  and  set  that  quotient  figure 
both  in  the  quotient  and  divisor.  Multiply  the  whole  augmented  divisor 
by  this  last  quotient  figure,  and  subtract  the  product  from  the  said  divi- 
dend, bringing  down  to  it  the  next  period  of  the  given  number,  for  a  new 
dividend,  Repeat  the  same  process,  viz.,  find  another  new  di'vnsor,  by 
doubling  all  the  iigiires  now  found  in  the  root;  from  which,  and  the  last 
dividend,  find  the  next  figure  of  the  root  as  before;  and  so  on  through  all 
the  periods,  to  the  last 

JVbfe. — ^The  best  way  of  doubling  the  root,  to  form  the  new  divisors,  is 
by  adding  the  last  figure  always  to  the  last  divisor,  as  appears  in  the  fol- 
lowing Ezample.'—Also,  after  the  figures  belonging  to  the  given  number 
are*  all  exliausted,  the  operation  may  be  continued  into  decimals  at  plea- 
sure, by  adding  any  number  of  periods  of  cyphers,  two  in  each  period. 
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Example. 

Fmd  the  eqtiare  root  of  17*3056 

•      •  • 

17*d056(4:*l$  the  root:  m  which  the  number  of 
16       decimal  places  Is  the  same  as  the 

  number  of  dedmal  jftenode  into  which 

81 1  180    the  given  number  was  divided. 

1  I  81 


826  I  4956 
6  I  4Uo6 


2,^  To  JSxtrcict  OuSbe  and  Mgher  Eoots. 

The  rules  for  extracting  the  cube  and  higlier  rooiB,  are  very  tedious 
in  practice :  m  which  account  it  is  advisable  to  work  by  means  of 
logarithms* 


Sect.  YII. — Properties  of  Huinhtrs. 

To  render  these  intelligible,  we  shall  here  collect  a  few  defiaitions. 

Def.  1.  A  uyiit,  or  unity f  is  the  repressentation  of  any  thing  considered 
individually,  \v'itlu)nt  regard  to  the  parts  of  which  it  is  compospd. 

2.  An  iiUeger  is  either  a  uuit  or  au  assemblage  of  uniu  ]  und  a  Jracii&n 
is  any  part  or  parts  of  a  imit. 

8.  A  vwlHpU  of  any  somber  is  that  which  contains  it  some  exact  num- 
ber of  times. 

4.  One  nnmber  is  said  to  measure  another,  when  it  divides  it  wifhoot 
leaving  any  remainder. 

5.  And  if  a  number  exactly  divides  two,  or  more  numbers,  it  is  then 
called  their  common  meamre. 

6.  An  even  mtmber,  is  that  wHdi  can  be  halved,  or  divided  into  two 
equal  parts. 

7.  An  &dd  number,  is  that  which  cannot  be  halved,  or  which  differs 
from  an  even  nnmber  1^  miity. 

8.  A  j^Hme  mimief',  is  that  which  can  only  be  measnred  by  1,  or  unity. 

9.  One  number  is  said  to  be  ptime  to  ano&er  when  unity  is  the  only 
number  by  which  th^  can  both  be  measured. 

10.  A  eompoeite  number,  is  that  which  can  be  measured  by  soma  num.- 
ber  greater  than  unity. 

11.  A  perfent  mtmher,  is  that  wbich  is  equal  to  the  snm  of  all  its  divi- 
sors, or  aliquot  parta     thus  B  ==  4  +  f  +  |- 

Prop,  1.  The  sum  or  difference  of  any  two  even  ntunbers  is  an  even 
number. 


i>bofisrtib:3  of  mnssEBR.  11 

2.  The  sMm  or  diffrarence  of  any  two  odd  mixnbers  is  even  ;  but  the  mna 

of  three  odd  numberB  is  odd. 

3.  Th(^  sum  of  any  even  mrabfiT  of  odd  numbers  is  even ;  but  the  sam 
of  auy        uumber  of  odd  numberB  is  oc^d. 

4.  The  sum  or  difference  of  an  even  and  aa  odd  number  ia  ocUL 

5.  The  product  of  any  number  of  even  numbers  is  even  j  power 
of  an  even  number  IB  even. 

6.  The  product  of  any  number  of  odd  numbers  is  odd  ;  and  every  power 
of  an  odd  number  b  odd. 

7.  The  product  of  any  number  of  even  numbers,  by  any  number  of  odd 
mmibers,  in  even. 

S.  An  odd  number  cannot  be  divided  by  an  evm  number,  without  a 

Temaiudtii'. 

9*  If  an  odd  number  divides  an  even  number,  it  will  also  divide  the 
half  of  it 

10.  If  a  number  consist  of  many  parts,  and  each  of  those  parts  have  a 
common  divisor  d,  then  will  Ihe  whole  number,  taken  collectively,  be 

divisible  by  d. 

11.  Neither  the  sum  nor  the  difference  of  two  fractions,  wliicb  are  in 
their  lowest  teriih^,  and  of  which  the  denuminator  of  the  otip,  contains  a 
factor  not  common  to  the  other,  can  bo  eq\i&l  to  an  ifltegial  uuiuber. 

12.  If  a  square  number  be  eillier  multiplied  or  divided  by  a  square,  the 
product  or  quotient  is  a  square ;  and  conversely,  if  a  square  number  be 
either  multiplied  or  £vided  by  a  number  that  is  not  a  square,  the  product 
or  quotient  is  not  a  square. 

13.  The  product  arising  from  two  different  prime  numbers  cannot  be  a 
square  number. 

14.  The  "product  of  no  two  different  numbers  prime  to  each  other  can 
make  a  sqnaro,  unless  each  of  those  TiiiTnVtors  be  a  square. 

Id.  The  square  root  of  an  integral  number,  tiiat  is  not  a  complete 
square,  can  neither  be  expressed  by  an  integer  nor  by  any  rational 
fraction. 

16.  The  cube  root  of  an  integer  that  is  not  a  complete  cube  cannot  be 
expressed  by  either  an  integer  or  a  rational  fraction. 

17.  Every  prime  number  greater  than  2,  is  of  one  of  thefonns4n  +  1, 

or  4  n —  1 . 

18.  £very  prime  num.ber  greater  than  3,  ia  of  one  of  the  form&  b  n  ^  1 
or  6  71  —  1. 

19.  No  algebraical  formula  can  contain  prime  numbers  only. 

20.  The  number  of  prime  numbers  is  infinite. 

21.  The  first  twenty  prime  numbers  are  1,  2,  8,  5,  7,  11,  13,  17,  19, 
28, 29,  31, 37, 41,  43, 47,  63,  59,  61,  and  67. 

22.  A  square  number  cannot  terminate  with  an  odd  number  of 

cyphers. 

23.  If  a  square  numlK-r  terminate  with  a  4,  the  laat  figure  but  One 
(towards  the  right  liand)  will  be  an  even  number. 

24.  If  a  square  number  terminate  with     it  will  terminate  with  2d. 
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25.  If  8  square  numher  terminate  with  an  odd  digit,  the  last  figure  but 
one  will  be  even  ;  and  if  it  terminate  with  any  even  digits  except  ^  the 
last  figure  bat  one  will  be  add. 

No  square  number  can  tenninate  with  two  equal  digits,  except  two 

ciphers  or  two  fours. 

27.  No  nimiber  whose  last,  or  right-hand  digit  is  2,  3,  7,  or  8,  is  a 

B<juare  number, 

28.  If  a  cabe  number  be  divisible  by  7,  it  is  also  divisible  by  the  cabe 
of  7. 

29.  The  difference  between  any  int^ral  cube  and  its  root  is  always 

divlBil:)lo  by  6. 

80.  Neither  the  sum  nor  the  difference  of  two  cubes  can  be  a  cube. 

81.  A  cu'bc  number  may  end  with  any  of  the  natural  numbers  1,  %  8, 

4,  6,  6,  7,  8,  9  or  0. 

32.  If  any  series  of  numbers,  beginning  from  1,  be  iu  contiTmed  geo- 
metrical proportion,  the  3rd,  6th,  7th,  &c.  will  be  squarea ;  tbe  -itii,  7th, 
10th,      cubes ;  and  the  7th,  of  course,  both  a  square  and  a  cube. 

88.  All  the  powers  of  any  number  that  end  with  either  6  or  6,  will  end 
with  5  or  6,  respectively. 

84.  Any  power,  n,  of  the  natural  numbers,  1,  2,  3, 4,  £>,  6,  has  as 
many  orders  of  differences  as  tb'^r^'  •atc.  unite  in  the  common  exponent  of 
all  the  numbers ;  and  tbe  last  of  ttio^e  differences  is  a  constant  quantity, 
and  cfjnal  to  the  continual  product  IxSxSx^x  xw  con- 
tinued till  the  last  factor,  or  the  number  of  factors  be  »,  the  exponent  of  ♦ 
^e  powers.  Thus, 

The  Ist  powers  1,  2,  3,  4, 5,  &c.,  have  but  one  order  of 

differences  1111  (fee,  and  that  dilference  is  1. 
The  2ud  powers  1,  4t,  9, 16,  25,  &c.,  have  two  orders  of 

differences     8  5  7  9 
2  2  2 

of  which  the  last  is  constantly  2  =  1x2. 

The  8rd  powers  1, 8,  27,  $4, 125,  <fec.,  have  three  orders  of 
differences   7  19  87  61 
12  18  24 

6  6 

of  which  the  last  is  6  =  1  x  2  x  3. 

In  like  manner,  the  4th,  or  last,  differences  of  the  4th  powers,  are 
each  =  24  =  1x2x3x4;  and  the  5th,  or  last  differencea  of  the  6th 
powers,  are  each  125=1  x  2  x  3  X  4  x  o. 

85.  If  unity  be  divided  into  any  two  unequal  parts,  the  sum  of  the 
square  of  either  of  those  parts  added  to  the  other  is  the  same.  Thus,  of 
thetwoparts|and|,i+ +  =  so,  again,  of  the  parte 
f  and|,|  +  (4)»  =  |  +  (|)«  =  ^. 

For  the  demonstratioiis  of  these  and  a  variety  of  other  properties  of 
numbers,  those  who  wish  to  purfliie  this  curious  line  of  inquiry  may  <  >ii- 
sult  licgendre  "  Bur  la  Theorie  des  Nombrea,"  the  "  Disquisitions  Ari^- 


LOQABITHMS. 


13 


meticffi'*  of  Gauss,  or  Barlow's  *'  Elementary  Investigation  of  the  Theory 
of  Nwnbers." 

Also,  for  the  highly  interesting  properties  of  Oircvlaiing  Deetmob,  and 
their  connexion  with  jmmc  mtmhers,  consult  the  curious  works  of  the  late 
Mr.  n.  Goodwyn,  entitled  "  A  First  Centenary,"  and  "  A  Table  of  the 
Circles  arising  from  the  Division  of  a  Unit  by  all  the  Integers  from  1  to 
1024." 


Sect.  VUL — LogarWms, 

Ab  Logarithms  are  so  fully  described  in  most  elementary  treatises  on 
Arithmetic,  and  as  a  knowledge  of  their  nature  and  properties  is  mmecessary 
to  their  application  to  the  purposes  of  calculation,  we  shall  here  only 
explain  the  manner  of  nsin^  the  accompanying  tables. 

By  an  inspection  of  TaUe  IL,  which  contains  the  logarithms  of  all 
Tinni"bers  from  1  to  100,  it  will  be  seen  that  each  lograrithm  consists  of  two 
distinct  parts,  separated  by  a  decimal  poiat;  thus,  tlie  logarithm  of  13  is 
1'113943 ;  tlie  number  to  the  left  of  the  decimal  point  (or  1  in  the  above 
example)  is  called  the  i/idex  or  characteristic*,  and  it^  value  depeuda  on/y 
upon  the  nttmber  of  digtU  in  the  quantity  whose  logarithm  it  is,  without 
any  regard  to  the  value  of  that  quantity,  and  it  is  always  1  less  than  that 
number  of  digits;  thus,  in  the  example,  the  characteristic  of  the  logarithm 
of  13,  which  contains  two  digits,  is  1,  or  one  less  than  that  number ;  and 
it  will  be  seen  from  the  Table,  that  1  ia  tbe  diaracteristic  of  all  the  lo?a- 
ritbms  from  10  to  99,  bnt  that,  for  numbers  below  10,  the  index  is  0,  and 
for  is  2,  in  each  case  1  less  than  the  number  of  digits  in  the  quantity 
of  whose  logarithm  it  is  the  characteristic.  The  cliaracteiistic,  therefore, 
of  the  logarithms  of  all  numbers 

equal  to  or  greater  than       1  and  leas  than       10  is  0- 

10       „  100  „  1- 

too       „  1000  „  2- 

„  „  1000       „  10000,,  3* 

10000       „         100000  „  4r 
(Sac.  &C.  <fec. 

When  the  quantity  is  less  than  unity,  the  characteristic  of  its  logarithm 
becomes  negative,  and  its  vabie  is  determined  by  the  nnmber  of  cyphers 
which  occnr  between  the  decimal  point  and  the  first  significant  figure  (the 
fraction  being  decimally  expressed),  and  is  always  1  greater  than  such 
number  of  cyphers;  or  it  is  equal  to  tiie  difference  in  tiie  number  of 
figures  in  the  numerator  and  decimal  denominator ;  thus,  the  characteristic 
of  the  logarithm  of 

*  In  order  avoid  confusion  from  the.  use  of  the  word  index  to  signify  two  thingB, 
we  shall  throughout  thit^  work  employ  the  term  charaetaittk  when  spetiang  of  logmv 
iUuDLS,  md.  index  wiieu  tipeakijug  ot  roots  or  powers. 
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•1  or  is  I** 

01    ,.  „  J- 

The  decimal  part  of  the  logarithm,  or  that  lying  to  the  right  of  the 
dednuJ  pointf  ia  called  the  numtiuOf  and  depends  entirdy  on  the  reUahe 
vthiB  of  the  figuree  compodng  the  quantity  whose  logarithm  it  is,  and 

not  at  all  upon  the  actnal  vvme.'n'cal  veHue  of  that  qnantity;  thm,  in  the 
example  already  given,  the  doeimal  part  of  the  lo<?Hritliui  of  13  la 
■113943,  which  is  also  the  decimal  part  of  the  logarithm  of  l'?>,  or  130,  or 
1300,  for  in  each  case  the  1  and  the  '6  have  the  same  rekUvoe  value.  So 
that  ihe  decimal  portion  of  a  logarithm  ie  always  the  same  for  the  same 
fignree,  and  is  not  altered  hy  the  addition  of  any  nnmher  of  cyphers  either 
to  the  right  or  to  the  left  hand  of  those  figures,  or  what  is  equivalent,  hy 
the  multiplication  or  di\ision  of  the  qtuntity  by  10,  or  any  power  of  10; 
it  is  only  the  characteristic  of  the  logarithm  which  alters  its  valne,  1 
being  added  to  the  characteristic  for  every  10  by  which  the  quantity  is 
muMpKed,  or  svibtaratci^i  from  it  for  every  10  by  which  the  qoantil^  is 
divided.  ThaSy 


the  logaritimi  of  745800 

being  5-872622 

that  of 

74580 

is 

4*872622 

7458 

*> 

8-872622 

n 

» 

2-872622 

n 

74-68 

M 

1-872622 

n 

7--i5B 

n 

0*872622 

tt 

•7458 

t* 

1^872622 

ft 

•07458 

tt 

2S72622 

»» 

■0074ot 

F-872622 

It  must  he  home  in  mind,  that  in  the  logarithm  of  a  fractional  quantity, 
it  is  only  the  characteristic  which  has  a  negatim  value,  and  that  the 
decimal  part  of  a  logarithm  is  always  positive.  It  i&,  however,  sometimes 
oonvenient  to  have  the  whole  logarithm  eaq>res8ed,  negatively,  both  cha> 
raofceristic  and  decimal;  for  which  pnipoee,  suhtraet  the  last  right  hand 
figure  in  the  decimal  portion  from  10,  and  all  the  others  from  9,  and  the 
result  will  be  what  is  tanned  the  ar^meHcal  complemeni  of  the  decimal, 
to  which  prefix  the  former  cliaracteristic  less  1,  and  the  resTilt  will  be  a 
negative  logarithm,  equivalent  in  value  to  the  original  logarithm  having 
only  a  negative  characteriBtic ;  for  example,  the  logarithm  of  "07458,  as 
ahove,  is  2  872622,  which  is  equivaleut  to  —  1-127378.  It  i&  also  fre- 
quently convenient  to  take  the  antkmetical  complement  of  the  whole 
logarithm,  and  this  is  oMamed  by  snhtraoting  the  right  hand  figure  of  the 
decimal  from  10,  and  all  the  others  from  9,  indnding  the  characteristie 

*  The  negatiye  ngn  ( — )  ia  dways  placed  above  the  duupftcteriatio,  thm  2,  inatead  of 
befoie  it,  ia  order  to  avoid  its  iMing  miwrndetrtood  finr  the  ngn  of  Bnfatraotioii. 
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when  positive,  but  if  negaiwe  it  mvjA  be  added  to  9.  Thnsi  the  aiithme- 
tical  complement 

of3-lifU28is  6-8o3872 
„  2K)7G276  „  11.923714 
„  5^322839  „  4-677161 
„  ra86772  „  10-013228 

USB  or  THB  TABLB8. 

To  Jind  the  logarithm  of  any  gum  number. 

If  the  number  is  less  than  100,  its  logarithm  ^1  be  found  in  Table  11., 

with  its  proper  characteristic  prefixed ;  but  if  the  number  contains  more 
than  two  figures,  its  logarithiu  may  bo  found  from  Table  I.  as  follows 
If  tiiere  are  only  three  figures  in  the  number,  look  for  that  number  in  the 
first  <K>lumiL  of  the  table,  and  on  the  same  line  in  the  next  column  to  the 
righ^  mider  0,  will  be  fonnd  the  decimal  portion  of  the  required  logarithm, 
to  whidi  the  proper  characteristio  mnat  be  prefixed,  according  to  the  roles 
which  we  have  jnst  explained.  If  the  quantity  ccmtainB  four  figures,  look 
for  Ihe  fijst  three  figures  in  the  first  column  as  before,  and  the  four  last 
fiignres  of  the  logarithm  of  the  required  number  will  be  found  on  the  same 
line  with  those  three  fignres,  and  in  that  column  which  has  at  its  head  the 
fourth  figure  of  the  giveu  iiuiri]>cr  ;  the  two  first  figures  of  the  logarithm 
vAll  he  found  in  the  second  column  (headed  0),  and  wliich  figures  being 
common  to  all  the  logarithms  inclosed  by  each  pair  of  horizontal  linea,  it 
is  unnecessary  to  repeat.  Where  these  first  figures  change  their  value  in 
the  middle  of  a  line,  the  same  is  indicated  by  a  break  in  the  horizontal 

line,  ihus,  139679  |  0194,  which  shews  that  the  two  first  figures  (18)  have 
changed  to  14:,  and  the  right  hand  logarithm  is  therefore  140194^ 

JExampkB, 
Required  the  logarithm  of  734. 

In  Table  I.,  on  the  same  line  with  734  and  under  0,  are  found  5696, 
the  four  last  figures  of  the  logarithm,  to  which  the  common  figures  86  and 
the  proper  characteristic  2  being  prefixed,  we  obtain  2*865696,  the 
logarithm  required. 

Find  the  logarithm  of  3476. 

Here,  on  the  same  line  with  347  and  under  6,  will  be  found  1080, 
which,  with  the  two  first  figures  and  the  ohamcteristic  prefixed,  is 
3*641080,  the  logaritimi  required. 

The  log.  of  5*84  is  0-766418 
0932  „  2^969416 
10-24  „  1-010800 
3708  „  3*569140 

When  the  quantity  whose  logarithm  is  requii^  contains  more  than  four 

figures,  proceed  as  follows  : — Find  the  logarithm  for  the  first  four  figures 
aa  above,  then  look  in  the  first  column  of  the  Table  of  Proportional  Parts,  at 
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tbe  lower  part  of  each  page,  for  tlie  first  four  fignres,  and  on  the  same  line 
in  the  cohiran  having  at  its  head  the  fifth  figure  will  he  found  the  quantity 
which  luiiBt  be  added  to  the  logarithm  already  taken  out,  to  give  the 
logarithm  of  the  quantity  first  required.  If  the  first  four  figur<^s  are  not 
fouiid  iu  the  tirai  column  uf  the  table^  then  take  the  line  coutaiaiug  the 
next  leu  number  to  it.  If  the  number  whose  logarithm  1b  required  oon- 
taina  more  than  five  figures,  proceed  as  above  to  obtain  the  logarithm  of 
the  first  five  figures,  then,  on  the  same  line  of  the  Table  of  Proportional 
Parts  that  the  number  added  to  the  logarithm  for  the  fifth  figure  was 
found,  and  in  the  column  having  at  its  head  the  sixth  fiigQre,will  be  found 
a  quantity  which,  divided  by  10  (or  what  is  the  same,  having  its  right 
hand  figure  tjiken  away*),  and  added  to  the  logarithm  already  found,  will 
give  the  logarithm  of  the  firtit  six  figures  ;  again,  on  the  same  line  and  in 
the  column  having  at  its  head  the  seventh  iigiire,  will  he  found  a  quantity 
which,  divided  by  100  (or  having  two  figures  cut  off  from  the  right  hand), 
and  added,  will  give  the  logarithm  for  seven  figures. 

JBxampUt, 

Required  the  logarithms  of  1U88,  621547,  768654^  7642*179. 
Log.  of  the  first  four  figuiea  £rain  Tah  I.  .... 
fVom  Table  of  Fh>portioDaI  Parte  on  line  with  1148) 

and  under  8  j 

Logarithm  of  11488,  as  required 

Log.  of  G215  

From  Table  of  ProporticTicil  Parts,  on  line  with  f^lGO,  ) 
the  next  less  No.  in  the  table  to  6215,  and  under  4/ 
On  same  line  under  7  ....  

Logarithm  of  621547 

Log.  of  7(586  

From  Table  of  Proportional  Parts  on  same  line  with  \ 

7686  and  under  5  J 

On  same  line  under  4  

Logarithm  of  768654 

Log.  of  7642   

From  Table  of  I*roportional  Parts  on  ssme  line  with'k 

7662  and  under  1   } 

On  same  line  under  7  

On  same  line  under  9  

Loganlnm  of  7642-179 

*  If  the  figure  thw  eut  off  exceeds  five»  one  imut  be  added  to  the  last  ^ht  hand 
figure  left. 


s  4-069942 

=s  302 


=  4060244 


=  3-883217 


USE  OF  TUB  TABLBS. 
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To  fold  the  nm^r  ansiver  ing  to  any  given,  logarithm. 

Look  in  the  upper  portion  of  Tabic  1.  for  the  given  logarithm,  or  thft 
next  less  in  value  to  it  tliflt  oan  bo  found,  then  on  the  same  line,  in  the 
first  column,  will  be  found  the  first  three  figures,  and  ;it  tlie  head  of  the 
column  in  which  the  loguritiiiu  was  found,  the  fourth  figure  of  the  number 
sought.  If  the  given  logarithm  is  found  exactly  in  the  table,  the  figures 
thus  obtained  will  be  the  reqnired  number,  care  being  taken  to  point  o£F 
one  more  figure  to  the  left  hand  than  there  are  units  in  Ihe  characteristic 
of  the  given  logarithm,  cyphers  being  attached  to  the  right  hand  of  the 
number,  if  requisite.  If,  however,  the  given  logarithm  is  not  fonnd  ex- 
actly in  the  table,  subtract  from  it  the  next  less  logarithm  found,  calling 
the  remainder  the  first  difference  ;  then  look  in  the  Table  of  Proportional 
Parts  on  the  same  line  with  the  four  figures  already  obtained  from  Table 
I.  (or  the  next  less  figures  which  can  be  found)  for  this  difference,  and  at 
the  head  of  the  oolumn  in  which  it  is  found  will  be  the  fifth  figure  of  the 
number  sought.  If  the  first  difference  is  not  found  exactly  in  the  table, 
look  for  the  next  less  number  to  it,  which  subtract  from  Ihe  first  diffsr* 
ence  for  the  second  differmce ;  then  add  a  cypher  to  this  second  difference, 
and  look  for  it  on  the  same  line  of  the  Table  of  Proportional  Parts,  an 
before,  and  the  figure  at  th<^  head  of  tlie  column  containing  the  nearest 
number  to  it,  either  greater  or  less,  will  be  the  sixths  figure  of  the  number 
required. 

JExamples. 

Required  ike  number  answering  to  the  logarithm  3*241766. 
Given  log,  =  3-241 7-56 
Next  less  log.  in  Table  I.  =  3-2416i6  =  the  log  of  1744- 

In  Table  of  Prop.  Parts') 
on  same  line  with  the  > 
next  less  No.  to  1744  } 

On  the  same  line   .   .  . 


The  No.  required  =  1744-84 


In  this  example  the  next  less  logaritlim  which  can  be  found  in  Table  I* 
is  3-24:1546,  the  number  answering  to  which,  1744,  is  the  first  four  figures 
of  the  number  sought ;  then  subtracting  this  logarithm  from  the  given  logar* 
ithm,  we  obtam  for  the  first  diffisrence  210,  and  looking  in  the  Table  of 
Proportional  Parts  on  &  line  with  1740  (the  next  lees  nnmber  to  1744),  for 
the  nmt  less  number  to  210,  we  find  199,  at  the  head  of  the  column 
containing  which  is  8,  the  fifth  figure  required;  then,  subtracting  199 
from  210,  we  obtain  the  second  difference,  11,  and  adding  a  cypher,  the 
nearest  number  which  we  find  on  the  same  line  is  91),  at  Uie  head  of  the 
coiunm  containing  which  is  ^  the  sixth  figure  required, 
o 


210  first  di£ 

199  is  found  in  ool.  6  8 

110  second  difl 
99  is  found  m  col  4  04 
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Eeqnired  the  numbers  answering  to  the  following  logarithms: 
3-61(X)09,  2476771,  6-871624-. 

The  number  answering  to  the  logarithm  3*510009  is  found  at  once  to 
be  3286. 

Given  log.  = 
Next  Im  log.  =  2475671  =  the  log.  of  299-0 


100  :s  iBt  di£ 

From  Table  of  Proportional  PartB  87    -06 


ISO  =  2nd  dif. 

130    -009 


19o.  required  =  299-069 


Given  log.  =  5-871624 
Next  1688  log.  =  5-871578  =  the  log.  of  74dtOOO- 


5i  =  1st  dii; 

From  Table  of  proportional  part8  46   

  80- 

60 

52   9- 


The  No.  required  =  744089- 


It  should  be  observed  here,  that  the  niitnber  of  figures  which  may  be 
depended  upon  in  any  result  obtained  by  logarithms,  will  be  equal  to  the 
number  of  decimal  places  in  the  logarithms  employed  i  thue,  in  using  the 
tables  appended  to  this  work,  the  results  obtained  will  be  aocurate  to  six 
figures,  except  towards  the  end  of  the  tables,  in  which  only  five  figures 
should  be  trusted. 

MathenuOieal  Tahles, 

TabI*B8  Hi.,  IV.,  AJND  V. 

Mathematicians  have  computed  the  lengths  of  the  sines,  tangents,  and 
secants  (assuming  unity  for  the  radius)  corresponding .  to  arcs  from  X 
minute  of  a  d^ree,  through  all  the  gradations  of  magnitude,  up  to  a  quad- 
rant, or  00^  ;  and  the  results  of  the  computations  are  arrauged  for  use  in 
tables  called  Trigonoraririr.al  Tables.  As,  however,  these  quantities  have 
to  be  carried  to  several  plates  of  ^leciniak  in  order  to  obtain  sufficiently 
accurate  resuit^j  their  use  in  calculations  is  attended  with  much  laboiur, 
and  therefore  it  is  usual  to  employ  their  logarithms  instead;  but  in  this 
case  the  assumed  radius  is  taken  as  10,000,000,000  instead  of  unity,  since 
with  the  latter  most  of  the  quantities  would  be  Jraetional,  and  therefore 
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have  negative  characteristics,  tlie  uhc  of  wMch  would  be  inconvenient,  and 
is  superseded  by  taking  the  radius  as  above. 

Table  V.  is  such  a  table  of  the  logarithms  of  the  sines,  coeinea,  tangents, 
cotangents,  secants,  and  cosecants,  for  every  minnte  from  1  minute  to  90 
degrees,  calculated  to  a  radios  of  10,000,000,000  as  above.  It  will  be 
observed  that  the  headings  of  the  columns  ran  along  the  toj^s  of  the  pages 
as  far  as  the  45th  degree,  after  which  they  return  along  the  hattomt  of 
the  pages  in  contrary  order,  as  below : — 


Sin 

J>. 

Oosec 

Tan 

D. 

Got 

Sec 

D. 

Cos 

Cos 

D. 

8ec 

Got 

D. 

Tan 

Oosec 

D. 

Sin 

The  reason  of  this  will  be  apparent,  if  we  only  consider  that  the  cos,  cot, 
or  cosee  of  an  arc  is  the  sin,  tan,  or  sec  of  the  complment  of  that  arc 
The  intermediate  oolnmns  headed  D,  contain  the  differences  of  the  con* 
secntive  logarithms  in  the  contignons  columns  on  either  side ;  it  will  he 
seen  that  the  same  difference  is  common  to  the  sin  and  coeec,  the  tan  and 
cot,  and  the  see  and  cos ;  since,  from  Table  XXI., 

sin  =  — or  1  s  sin  .  cosec ;    tan  =  -^j  or  1  =  tan  .  cot; 
coeec  cot 

sec  =  ^}  or  1  =sec  .  cos;  and  consetiueatly,  log  siu  +  lug 

cosec  =  log  tan  +  log  cot  =  log  sec  +  log^  cos  =  2  log  rad  =  20- ;  there- 
fore as  tlio  sin,  tun,  or  sec  increases,  so  mu.-^t  tlie  corrpspondincr  cosec,  cot, 
or  cos  dimiuiy.h,  and  their  differences  must  be  equal.  Tin;  differences  of 
the  sines  and  tangents  are  not  inserted  on  the  two  lix-at  pages,  for  the 
reason  explained  at  page  21. 


VBE  OF  TABLB  V. 

To  Jmd  the  logarithmic  sine,  tangent^  dec^  of  a  g^xM^  arc. 

If  the  arc  contains  only  degrees  and  minutes,  its  sin,  tan,  Ac,  will  be 
fonnd  simply  by  inspection,  by  looking  along  the  top  or  &o<<om  of  the 
tables  for  the  d^rees,  and  then  in  the  first  or  hut  vertical  column  for  the 
minutes,  according  as  the  number  of  degrees  is  less  or  grtaim  tlmn  45**; 

and  on  the  same  line,  in  the  column  having  for  it«  title  ((?ither  at  the  top 
or  bottom,  sice.ordmg  as  thfi  degrees  were  fonnd)  the  name  of  the  trigono- 
metrical quantity  required,  its  lot:  will  be  found. 

If  the  arc  contains  seconds  as  well,  the  logarithm  must  be  found  as 
above  for  the  degrees  and  minutes;  then  take  the  number  in  the  con' 
tiguons  column  headed  D  on  the  same  line,  multiply  it  by  the  number  of 
seconds,  and  divide  by  100  (which  is  done  by  cutting  off  the  two  last 
figures) ;  the  qnotient  must  then  be  added  to  or  ntbtra^d  from  the  log 
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already  taken  out,  according  aa  the  same  would  be  increaaed  or  decreated 
by  au  increase  in  the  arc. 

1.  Find  the  log  pin  of  37°  47'. 

As  the  arc  is  less  tiiaii  4d°,  by  looking  along  the  top  of  the  table  far  the 
degroes,  and  in  the  fint  oolnnm  ibr  the  minntesy  we  find  m  the  column 
having  at  ite  toj)  the  woid  sine  the  figures  9*787232,  which  is  the  log  sine 
of  the  arc  required, 

2.  Find  the  log  tan  of  7S<'  34'. 

Here,  as  the  arc  is  greater  than  45°,  looking  at  the  hottom  of  the  tables 

for  the  degrees,  and  in  the  last  column  for  the  minntes,  we  find  in  tibe 
column  having  tan  at  the  bottom,  106894S1,  the  tan  of  76°  34'. 

3.  llnd  the  lo-  sin  of  31°  45'  5". 

The  log  sin  of  31°  45' is  9-721162 

TheNcincoLBigSiO  X  e^-^- 100  =  +    .   .   .  17 

The  log  Bin  of  81^46' 6"=   9  721179 


4.  Find  the  log  cos  of  25°  1' 47''. 

The  log  cos  of  25°  1' is    9-957217 

TheNo.incoLDis9S  X  47''-i- 100        .  ...  47 

The  log  COB  of  25°  1'  47"  =  9-957170 

To  Jmd  ^  arc  corre^ondtng  to  any  given  log  tin,  tan,  &c : — 

Look  in  Table  V.  for  the  given  log  sin,  &c,,  or  the  next  less  log  thereto, 
and  on  tiie  same  line  will  be  found  the  minutes,  and  at  the  top  or  bottom 
of  the  page  the  degrees,  of  the  arc  required ;  if  the  log  thus  found  is  lees 
than  the  given  log,  subtract  the  former  from  the  latter,  add  two  cyphers 
to  the  right  of  the  remainder,  and  divide  it  by  the  number  found  in  the 
contigu  irs  rrl i  ran  headed  D;  the  quotient  wUl  be  the  number  of  Beconda 
to  be  added  to  the  degrees  and  minntes  in  the  arc  already  obtained. 

Exannplet. 

1.  Find  the  arc  whose  log  tan  is  10*577537. 

Here  the  arc  is  found  by  inspection  to  be  76P 11'. 

2.  Find  the  arc  corresponding  to  the  log  sin  9'd95401. 

Given  log  =  9*395401 
Next  less  log  =  9'395166  =  log  tan  14^  23' 

23500  -i-  620  =  2^  seconds; 


9-895401  is  (ihe  log  tan  of  U""  28'  29^. 
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In  the  sines  and  tanc:ent3  of  arcs  less  than  about  ff*,  the  differences 
bctweon  any  two  suctM^saive  values  are  so  great  {as  will  be  seen  hy  an  in- 
spection of  coliuiin  D  in  the  table)  that  the  niethoil  al)ove  given  ibr  finding 
tke  iutermediate  values  tor  secouds  will  not  be  sufficiently  correct;  and 
the  same  remark  applies  to  the  cosines  and  tangents  of  aics  greater  than, 
abont  85°.  It  will  also  be  observed,  that  in  the  cosines  and  secants  of 
area  leas  than  6^,  and  in  the  aines  and  cosecants  of  arcs  greater  than  8&*f 
the  differences  are  too  small  to  enable  ns  to  calcnlate  accurately  the  valxie 
of  any  arc  from  them. 

The  first  of  these  diffienlties  may  be  removed  by  the  rnlcs  given  below 
for  determining  the  vabies  of  the.  Bines  and  tangents  of  small  arcs,  and  tlio 
tangents  of  large  arcs,  and  conversely  the  arcs  from  the  sines  and  tangents. 
A  table  has  aim  been  given  (Table  IV.)  of  the  logajithmic  sines  for  every 
tenth  of  a  minute  as  &r  as  a  degree  and  a  hal^  and  of  the  coaines  for  every 
tenth  of  a  minute  from  88°  29'  to  the  end  of  the  quadrant  The  second 
di£Gical1yy  however,  could  only  be  got  over  by  extending  the  tables  to  more 
decimal  places,  but  i»  this  would  also  reqmre  all  other  quantities  employed 
in  the  same  calculations  Lo  be  taken  to  an  eqnal  number  of  decimals,  much 
additional  trouble  would  bo  occasioned ;  and  it  is  therefore  better  for  de- 
termining the  value  of  an  arc  when  near  9(J^,  to  employ  sorne  other  func- 
tion than  its  sine,  as,  tor  instance,  its  cosine.  In  order  to  render  this 
clearer  to  those  who  are  not  familiar  witih.  the  use  of  logarithms,  we  sub- 
join an  example  of  such  a  snbsUtntion  of  the  cosine  for  the  sine. 

For  instance,  let  it  be  desired  from  the  formula. 

Pj  :  P3 : :  sin    :  sin  j 
to  determine  the  value  of  the  angle    when  Pi  =  600*1 ;  P»  —  669;  and 
the  angle  <{  =  G3°  45'. 

J<lrst  by  multiplying  the  means  and  extremes,  and  dividing  both  sideft 
by  Pt9  we  obtain 

dn,  =  £2™ii  (a.) 

Then  from  Table  XXI. 


sin  d  =  V 1  —  (cos  d  f 
.  JPafiinjS  ^ 


2^«Vl-(cos«)^; 


squaring  both  sides 


transposing,  and  extracting  the  square  root. 

oo.*-^l-(^/.   .  (J.) 

We  have,  therefore,  two  equations,  (a)  and  (b),  from  either  of  which 
we  can  obtain  the  value  of  the  angle  by  substituting  the  values  of  the 
known  qnantitiea ;  but  in  doing  ao  we  ahall  find  that  the  second  equation 
will  give  the  value  of  9  much  more  exactly  than  the  first 
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Thos,  by  substitating  Ihe  known  qvantitieB  in  equation  (a),  we  have 

669  X  sin  63^  45'  _  ;t 

eooi:  • 

Whence  by  logarithms. 

Log  siu  63°  46'  =  9- 952731 

Log  669          =  2-826;426 

12-778167 
Log  600-1        =  2*77822i 


Log  sine  =  9-999933 

a  =  88«»  25". 

Proceeding  in  a  sinular  manner  with  equation  (i),  we  have 


Whence  hy  logarithms,  taking  the  ladiue  as  unity,  for  the  reasons  ex- 
plained at  page  20. 

Lo£^  sin  63°  46'  =  r952731 
Log  669  =  2-825426 


2-778167 

Log  600-1        =  2-778224 


1-999933 
2 


Log  •09969      =  1  99  t^'^n 


Then  1  —  -99069  =  (JOOSl,  the  log  of  which  =  4491362,  and 
4"4rU8B2  ~  2  =  2-246681  =  cos  «; 
or  restoring  the  radius  of  tlie  tables, 

cos     =  8-24oB81  =  sin  of  the  complem'^nt  of  ^ ; 
^erefore,  by  the  rule  given  below  for  finding  a  small  arc  from  its 
sin,  we  have 

8-245681 
6-814426 


3-660128  «  8681-86  seconds  s  l""  0^  3r-86 ; 


whence  we  see  that  the  former  value  of  ^  obtained  from  equation  (a)  is 
upwards  of  three  seconds  too  small. 
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To  find  aocwrcady  ihe  log  sin  of  an  arc  few  ikon  Sf^, 

Reduce  the  arc  to  seconds,  and  find  the  log  of  that  number  from  Table 
L,  to  which  add  4*685575  (the  log  sin  of  1"),  and  subtract  one-third  of 
the  decimal  portion  of  the  log  sec  of  the  arc  taken  from  Table  V. ;  the 
remainder  is  the  log  sin  of  the  arc  required. 


Find  the  log  sines  of  13'  and  of  ^  8'. 

Log  (13'  X  60)  =  leOf'  =  2^892095 

4*685575 


7-577670 

Log  sec  of  13' s  000008 -7- 8  =  •000001 


Log  sin  of  13'  =  7*677669 


Log  (63'  X  60)  =  8780"  «  3-577492 

4-685575 


8-263067 

•  Logsecofr 8'  =  *000078-r8s  -000024 


Log  sin  of  1°  3'  =  8-263043 


To  Jlnd  accuratelt/  the  log  tan  of  an  arc  less  them  5°. 

To  the  of  the  number  of  seconds  in  the  arc  add  4-685575,  and  two- 
thirda  of  the  decimal  portion  of  its  log  sec;  the  sum  is  the  log  tan  of  the 
arc  recinired. 

Find  the  log  tans  of  24/  and  1°  15'. 

Log  (24/  X  60)  =  1440"  =  d-158862 

4-685575 

Log  sec  of  24'  = -000011  x|=  -000007 

Log  tan  of  24'  =  7  843914 


Log  (75'  X  60)  «  4500*  =  8-653213 
Log secof  PIS' =s  000108  X  1=  000068 


Log  tan  of  1°  15' «  8  338856 
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To  find  aeewrakHy  ihe  log  tan  ofanttre  grtaier  tikm  about  85^. 

Add  to  the  log  of  tlie  number  of  eeooada  tliat  the  arc  is  less  than  9QPf 
two^thirdB  of  the  dedmal  portion  of  the  log  cosec,  and  Bidbtraot  the  cram 
from  15*314425 ;  the  remainder  ^nll  be  the  log  tan  required. 


1.  Find  the  log  taa  of  89°  5'  13". 

80    5  13 


(f  54'  -iT"  =  a287  seconds. 


Oonstant  log  =  15-814425 

Log  of  8287   =8*516800 

Logcoeecof  89*"  &  18"  =  •000057  x  f  =  -OOOOSS 

  3-516838 


Log  tan  of  bd"  5'  13"  =  11-797587 


2.  Find  the  log  tan  of  88'' 51' la', 

90°  0^  0" 
88  51  10 


1°  8'  60'^  =4130  seconds. 


Constant  log  =  15-31M2o 

Log  of  4180  s  3*615950 

Log  cosec  of  88^51' 10^'  = -000067  X  -000058 

  3*616008 


Log  tan  of  88°  51'  10"  =  n  '  :    j  17 


To  find  aeouraieljf  an  arc  o/not  more  than  5°  /rom  «te  loff  sine. 
To  the  given  log  sin,  add  5*314425,  and  one-third  of  the  decimal  por- 
tion of  the  secant  of  the  nearest  arc  to  that  whose  log  sin  is  given,  the  sum, 
rejecting  10  from  the  cjharacterietic,  will  be  the  logarithm  of  the  nmnber 
of  seconds  in  the  arc. 


Example. 

Kequired  the  arc  whose  log  sin  ia  8-314719. 

Given  log  sin  -=  8'314719 

Constant  log  —  5  3 14425 

Log  aec  of  neaiest  arc  s  -000098    8  =  -000031 


Arc  required  V  ICf  58^'  =  4258^'  =  8*629175 
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To  /aid  accwraidjf  an  arc  of  not  more  than  5°  from  ite  hg  tan. 

To  I3ie  £^7en  log  taa  add  5*314425,  and        the  sum  subtract  tvo- 

tMrda  of  the  decimal  portion  of  the  log  sec  of  the  arc  whoso  log  tan  is 
Dearest  to  that  ;iiven,  and  the  remainder.  renK-ting  10  from  the  chMacter- 
isdc,  will  be  the  log  of  the  numher  of  secuiida  in  the  arc 

Required  the  arc  whc«e  long  tan  is  8'2314:61 

Given  iog   =  8*23U61 

CoDBtantlog   =  5-814425 

Log  see  of  nearest  arc  =  -000063  x  §         .   .    s  -0000^ 
Required  arc  «  68'  34"  =  3514"       .   .    =  13-545844 


To  find  aeemratdif  an  arc  greater  than  86P/roM  itt  log  tan. 

Add  to  the  given  log  tan  two^tiiirds  of  the  decimal  portion  of  the  log 
cosec  of  the  nearest  arc  to  tliat  whoBe  log  tan  u  given,  and  edbtract  the 
9vva  from  15  314425 ;  the  remainder  ia  &e  log  of  the  nmnbor  of  seconds 
that  the  arc  ia  leu  than  90°. 

JExatn^e. 

Required  the  arc  whose  log  tan  is  ll-69o90O. 

Constant  log  =  16-314425 

Giyenlogtan   =  11-695900 

Log  cosec  of  nearest  arc  -000088  x  f  a  <XX)059 


11-695959 


Required  arc  «  r    14  "  =  4164*  .   .   .    «  3-6184fi6 


In  extracting  the  root  or  raising  the  power  of  any  trigonometrical 
quantify  hy  meaiui  of  its  logaritiun,  it  will  always  he  fonnd  most  oohtb- 
nient  to  reduce  the  assnmed  radins  to  imitjr»  hy  Bubtracting  10  from  the 
characteristic  of  liie  logarithai,  which  will  frequently  then  heeome  msga- 
tive ;  it  must,  however,  he  home  in  mind  that  the  decimal  part  of  the 
logarithm  is  always  7)o«i<tt>e;  and,  therefore,  if  it  ia  reqniredto  multiply  a 
logaritlim  with  a  negative  characteristic  by  any  nuiuLci  (iia  the  index  of 
a  power),  first  multiply  the  decimal  part  of  the  logarithm,  pointing  off  as 
many  decimal  figures  in  the  product  as  there  were  in  the  logarithm,  liien 
multiply  the  characteristic,  and  subtract  from*  the  product  the  number  (if 
any)  pointed  off  to  the  left  in  the  first  product :  the  resolt  will  be  the  ne- 
gative characteristic,  and  the  decimals  pointed  off  in  the  first  product  wOl 
be  the  decimal  part  of  the  required  logarithm.  To  divide  a  logarithm 
with  a  negative  characteristic  by  any  nmnber :  if  the  characteristic  is  a 
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mutiple  of  that  number,  tliat  is,  if  it  it  divisible  by  it  without  remainder, 

proceef^  as  in  ordinary  dirision  ;  if  not.  separate  the  characteristic  from  the 
decimal,  and  add  to  tlie  c1iaract(!risiic  a  iinmber  which  will  make  it  divi- 
sible, and  prefix  to  the  ducinml  the  same  nurnlKT,  then  divide  both  by  the 
given  divisor,  and  the  ^uotieats  will  be  the  chaiacteristic  and  decimal  of 
tiie  logarithm  required.  An  example  of  this  alteration  of  the  characteristic 
is  given  at  page  22. 

Although  Table  V.  only  purports  to  give  the  sines,  tangents,  &c.,  of 
angles  less  than,  or  equal  to  90*^,  any  of  these  functions  of  angles  greater 
than  ^0°  may  readily  he  obtained,  since  any  function  of  an  angle  greater 
than  90°  is  equal  to  the  same  function  of  the  supplement  of  that  angle ;  due 
regard  being  had  to  chaT>^ini::  the  sisji,  if  requisite,  according  to  Table 
in.,  which  exliil)its  the  value  of  each  trigonometrical  line  at  the  com- 
nieneement  of  each  quadrant,  and  also  the  sign  with  which  it  is  effected  in 
passing  through  the  same.  Thus,  the  log  sin  of  141^  1&  is  9*796521,  the 
same  as  the  «m  of  its  supplement  38°  4t& ;  the  log  sec  of  95°  43'  is  — 
llOOl  701,  or  the  sec  of  84°  17'  with  its  sign  changed ;  the  log  cosec  of  the 
same  is  10'002165,  or  the  eosec  of  8i°  17',  the  sign  remaining  the  same ; 
and  the  log  tan  of  173*'  4!  ia  —  9084947,  or  the  tan  of  6°  56'  with  its 
sign  altered. 

Table  VI. 

Meridional  Parts. 

In  nautical  charts,  drawn  according  to  Mercator's  projection  of  the 
sphere,  the  meridional  lines  are  drawn  parallel  to  each  other,  or  equidis- 
tant in  every  latitude,  as  shewn  in  iig.  1,  so  that  the  distance  between  any 
two  meridians  being  assumed  as  ti-ue  at  the  equator  would  be  too  great  in 
every  other  latitude  :  for  whereas  the  length  of  a  degree  of  latitude  really 
deer  eases  as  we  approach  the  poles,  here  it  is  represented  as  though  its 
length  were  everywhere  the  same.  If,  therefore,  the  parallels  of  latitude 
were  drawn  at  equal  distances  iu  representing  any  country  situated  in  a 
high  latitude,  its  form  would  become  so  much  distorted  from  its  breadth 
being  thus  increased  without  its  length,  that  the  country  would  hardly  be 
recognised,  and  very  erroneous  views  would  be  occasioned  of  its  form  and 
relative  extent.  Thus,  in  the  latitude  of  60^,  a  degree  of  longitude  is  only 
half  what  it  is  at  the  equator,  and  therefore  sJl  dimensions  east  and  west 
would  be  twice  as  great  as  they  Bhonld  bo,  if  drawn  to  the  same  Bcale  as 
those  north  and  south.  To  correct  tliis  distortion,  therefore,  and  preserve 
the  true  form  of  the  countries,  the  distance  Vjctween  the  parallels  of  lati- 
tude is  increased  precisely  in  the  same  proportion  aa  that  between  the 
meridians;  so  that  on  a  Mercator^s  chart  the  relative  msgnitade  of  a 
degree  of  latitude  and  longitude  is  everywhere  truly  preserved;  the 
parallels  of  latitude  being  drawn  more  and  more  distant  as  we  leave  the 
equator,  as  shewn  in  fig.  I. 
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Now,  the  numbers  in  tTic  table  of  raeridional  parts  arc  nothing  more 
than  the  distances  of  the  Bevcval  parallels  of  lutitudf  from  thej  equator,  as 
shewn  on  a  Mercator's  chart,  expressed  in  minuter*  of  longitude  at  the 
equator.  In  using  the  table  the  degrees  of  latitude  must  be  sought  at  the 
top  of  the  table,  and  the  minxites  In  the  side  coltuim,  the  meridional  parts 
will  then  be  found  at  their  interaection;  thus  the  meridional  parts  of 
2T*  25'  are  1712,  and  of  76*'  3'  are  7222. 

The  great  use  of  this  table  for  nantical  purposes  is  to  determine  the 
latitude  and  longitude  of  a  ship  at  sea^  Trhen  the  course  and  distance  that 
she  has  nm  are  known.  By  the  course  of  a  ship  is  meant  the  direction  in 
which  she  sails,  Cfitininf  0(1  by  the  aniile  which  that  direction  makes  with 
the  meridian.  When  ttie  course  nuilo  s  the  same  angle  with  every  meri- 
dian crosised,  it  is  termed  a  rhumb,  and  this  course  is  that  usually  adopted 
by  nav^ators,  in  consequence  of  the  facilities  which  it  afibrds  in  ascer- 
taining the  position  of  their  vessels* 

On  a  Mercator's  chart  any  rhumb  is  obviously  a  straight  line,  because 
no  other  than  a  straight  line  would  on  such  a  chart  cross  every  meridian 
at  the  eame  angle.  Thus,  if  A  and  B,  figure  1,  are  any  two  pUioes  betwedk^ 
which  a  vessel  sails,  then  the  straight  line  A  6  is  the  rhumb  upon  which 
the  vessel  would  sail  to  preserve  the  same  course  or  make  the  same  angle 
with  every  meridiaii  croBsed ;  A  C  is  the  difference  of  latitude,  0  B  the 
difference  of  longitude,  and  A  B  the  nanftcal  dhf<nice  run.  If  now  we  set 
oft  from  A  towards  0,  a  distance  A  1)  equal  to  the  actual  difference  of 
latitude  measured  in  degrees  at  the  equator,  and  draw  a  line  D  E  parallel 
to  the  equator,  then  will  the  line  A  £,  measured  on  the  equator,  be  the 
true  nautical  distance,  and,  being  multiplied  by  60  (the  nnmber  of  nautical 

•  It  is  liardly  necdflflaiy  to  state  that  a  minttte  is  the  60th  part  of  a  degree,  and  a 
second  the  60th  part  of  a  minute. 
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miles  in  a  degree),  will  give  the  diBtance  nm  by  the  ship,  and  the  Une 
B  E  is  termed  the  departvare  or  diBtance  nm  either  to  the  east  or  west 
By  inspecting  the  diagram,  we  see  that  A  E  :  rad  : :  A  D  :  ooe  <  A, 

or  the  nautical  distance  is  to  radios  as  the  actual  difference  of  latitude  is 
to  the  cosine  of  the  ooune ;  and  also  A  B  :  rad  : :  B  0  :  tan  <  A,  or  the 

meridional  difference  of  latitude  is  to  radins  as  the  difference  of  longitude 
h  to  the  tangent  of  the  course. 

If  we  put  d  for  the  nantical  distance,  c  for  the  course,  I  for  the  difference 
of  the  latitude,  X  for  the  meridional  difference  of  latitude,  and  L  for  the 
difference  of  longitude,  we  have,  from  the  above  proportions, 

rad  ,l=id  cos  e, 
And  rad .  L  s  ^  tan  c. 
From  which  formnlee  either  two  of  the  four  qnantities  d,    I,  and  L  being 
known,  the  others  may  be  easily  found. 
For  example,  a  yessel  leaving  latitude  25°  84'  n.  and  longitude 
24'  w.  saUs  543  nauticd  miles  on  a  rhnmb  line,  whose  course  is  n. 
42*^  5'  B.,  wlmt  latitude  and  longitude  is  she  then  in  ? 

Log  cos  c  (=  42°  60  =  9*870504 
Log<i(=s54S)     .    s  2-734800 


12-605304 

Bad  3=10*000000 


2*605304  s  log  of  403  = 


then  403  GO  =  6°  43'  =  the  ship's  difference  of  latitude  to  the  north; 
therefore,  25''  34'  +  6''43'  =  32°  17'  v,  is  the  latitude  she  is  now  in. 
Again, 

Meridional  parts  for  32°  17'  =  2048 
„    for  25  34  =  1588 

Meridional  difierenoe  of  latitude  =  x  s  560 

Log  tan  c  (=  42°  5')  =  9-955707 
Logx(=560)     .    s=  2*748188 


12*703895 

Rad  =10-000000 


2-703895  =  log  of  505-7  »  L, 


then  605*7-7-60  =  8°  25'  42"  =  the  eliip's  difference  of  longitude  to  the 
east;  therefore,  61^  2i  -  8"  20'  42"  52°  68'  28"  w.  ia  the  longitude 
she  is  now  in. 

Example  2, — A  vessel  sails  from  latitude  41^  20'  n.,  and  longitude 
49°  6(y  w.,  to  latitnde  25'  n.,  and  longitude  10°  13'  6"  w.,  what  was 
her  course  sad  nauticoi  di^stance  ? 
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Heridional  parts  ht  64^  25' 
„       „    lor  41  20 


23  5 
60 

BiffereDce  of  lat  =  2  « 1385 

4^60'  0^ 
10  18  6 


39  36  54 
60 

Log  l(=  2376-9)  .  , 
Bad   . 


Logx(=2369)  .   .  . 


Log  I  (as  1886)  .  .  . 
Bad  


LogcoBc  (ss46°  o'  W) 


Taslb  vn. 

Lmffth  of  a  Degree  of  Longitude  m  each  FaraUd  of  ZaUiude, 

This  table  reqitii«8  no  ezplanatioii ;  it  exliibits  tlie  length  of  a  degree 
of  Longitude  in  nautical  mfles  (each  of  which  equals  fiOTfi-B  feet)  at  eveiy 
degree  of  latitude  £roxa  the  Equator  to  the  Poles. 

Tablbs  VIIL  ahd  IX. 
JDi^  of  the  Horizon, 

The  latitude  and  longitude  of  a  Teasel  is  determined  hy  obsenrationB 

made  on  flie  heavenly  bodies,  which  observations  consist  principally  in 
measuring  thdr  altitude?  or  the  a-nc-le  which  they  make  with  the  horizon. 
The  altitudes  thus  taken  b^ing  compared        certain  altitudes  given  in 


»6097 
s2728 

flferidional 
 ^  —  ^  difference 

"~*  (,of  latitude. 


=s  3-?>7mio 
=  10-000000 


13-876010 
=  8-874565 


10001445  s  log  tan  45*"  5^  44"  as  c 


a:  3141450 
8=10-000000 


=  9-848757 


3-292693  «s  log  of  1962  ^  eL 
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the  "  Nautical  Almanac,"  enable  the  obsenrer  to  detormme  both  his  latitude 
and  longitude.  It  is,  however,  requisite  to  make  certain  corrections  in 
the  observed  altitudes  in  order  to  obtain  the  true  altitudes. 

If.  in  lig.  2,  Gr  0  D  F  is  a  Roctioii  of  the 
eai  ili,  and  B  ihe  place  of  an  observer,  then 
G  E  F  is  the  rational  horizon^  and  HOI 
the  sensible  horizon.  Also,  if  A  is  the 
place  of  a  heavenly  body,  tlie  angle  A  E  F 
is  its  true  aUitude,  A  C I  its  apparent  (dti- 
tude,  and  A  B  D  its  observed  allilude. 

li  the  observer  had  been  on  the  surface 
of  the  earth  as  0,  then  the  observed  aUhiido 
would  have  cohicided  with  the  appdrfnt 
altitudo.  but  when  raised  above  the  same, 
as  is  always  tlie  case  at  sea  wiien  the  ob- 
servations are  made  from  the  vessel's  deck,  the  horizon  c2ips,  or  becomes 
depressed,  as  shewn  by  the  line  B  D,  and  the  (Aaetsed  altitnde  A  B  I) 
becomes  greater  than  the  apparent  altitude  A  B  K  or  A  0  I*  the  angle 
K  B  I) :  the  magnitude  of  this  angle  (termed  the  (2tj>  of  the  horizon)  de- 
pends upon  the  height  of  the  observer  above  the  sur&ce  of  the  earth  ;  its 
values  for  all  heights  between  1  and  140  feet  are  given  in  Table  VIIL 
The  angle  found  in  the  second  cobirnn  must  be  stdtiracted  from  the  oh' 
served  altitude  to  obtain  the  apparerd  altitude. 

The  dip  given  in  Table  V^J  II.  sup]>")sos  that  the  view  of  the  sea  horizon 
is  perfectly  uuobotructed.  Should,  however,  any  object  intervene,  as  a 
coasts  the  margin  of  the  sea  where  it  meets  the  shore  must  then  be  taken 
as  the  horizon ;  and  in  this  case  the  angle  to  be  vt^btrncted  from  the  oh' 
served  altitude  will  be  found  in  Table  IX.  under  the  proper  height,  and 
on  a  line  with  the  distance  of  the  object  irom  the  observer,  whidi  may 
always  be  judged  of  with  sufficient  precision  by  an  experienced  eye. 
Thus,  if  the  vessel  if?  about  2  miles  from  the  shore  and  the  observer  is  20 
feet  above  the  surface  of  the  sea,  the  angle  to  be  subtracted  fox  the  dip 
will  be  6  minutes. 


Tablr  X. 

Seductwn  of  ihe  Ifoon*s  MorizorUcU  ParaMaai. 

The  difference  between  the  ajppcarent  altitude  of  a  heavenly  body,  or 
the  angle  which  it  makes  with  the  sensible  horizon,  and  its  true  altitude, 

or  the  ande  which  it  forms  with  the  reaional  horizon,  is  termed  its 
parallax.  The  parallax  of  a  body  is  greatest  when  it  is  in  the  horizon, 
and  it  decreases  as  its  altitude  increases,  until,  when  it  attains  the  zooith, 

♦  The  distance  BC  of  the  observer  above  the  eaiUi's  surface  is  so  infonsiclerable,  as 
compared  with  b  a,  the  diaUnce  of  the  body,  that  these  two  anglea  may  be  oonaideTed 
as  equal  without  any  appreciable  error. 
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its  paiaUaz  becomes  nothing.  Thus,  in  iig.  S  the  parallax  at  0  is  greater 
than  that  at  E,  and  is  nothing  at  the  zenith  F. 


The  amonnt  of  the  horizontal  parallax  depends  upon  the  distance  of  the 
body  A  0  and  upon  the  earth's  radins  A  B.  The  nearer  the  object,  that 
is,  the  less  A  0  is,  the  greater  is  the  angle  A  C  B  or  the  pernll ax.  The 
moon  being  much  nearar  to  the  earth  than  any  other  of  the  heavenly 
bodies,  its  parallax  is  much  greater,  and  as  h%  distnncp  from  the  earth 
varies,  so  also  does  Us  parallax;  the  amoirat  of  its  parallax  is  given  in  tlic 
"Nautical  Almanac"  for  every  day  throughout  the  year.  The  parallax 
there  given  is,  however,  calculated  for  tJie  earth's  greatetst  or  equatorial 
radius ;  and  since,  from  the  proximity  of  the  moon,  the  decrease  of  the 
earth's  radius  in  higher  latitudes  diminishes  the  parallax  to  such  an  ex- 
tent as  to  require  correction,  we  have  given  in  Table  X.  the  amount  to  be 
tti^tracied  from  the  equatorial  parallax  to  give  the  true  parallax  in  any 
given  latitude.  For  example,  let  the  earth's  equatorial  panJlax  on  any 
given  day.  as  found  in  the  "  Nautical  Almanac,"  be  58  minutes,  what  will 
it  be  for  the  same  day  in  latitude  52°?  Here  under  58',  and  on  a  line 
^th  52'=',  we  find  7-*2,  which  muct  lu'  subtracted  from  58',  giving 
57'  52'"8  for  the  moon's  parallax  in  that  latitude. 

Tablb  XL 

Augmentatioii  of  (lie  Moon's  Semidtam^er, 

In  making  an  observation,  it  is  the  position  of  the  centre  of  the  object 
which  is  required,  hut  as  it  would  not  be  easy  in  practice  to  judge  with 
sufficient  precision  of  its  position,  it  is  usual  to  measure  to  the  nearest 
edge  (or  limb,  as  it  is  termed)  of  the  object,  and  to  add  the  angular  value 
of  its  semidiameter.  In  iJie  case  of  the  moon,  its  apparent  semidiameter 
varies  considerably  according  to  its  distance  from  the  earth,  and  also  from 
its  great  proximity  its  semidiameter  is  sensibly  increased  by  the  parallax; 
for,  as  her  altitude  increases,  she  approaches  nearer  to  the  observer,  and 
the  apparent  semidiameter  becomes  greater.  The  value  of  her  horizontal 
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aemidiameter  for  everyday  is  given  in  the  "Nantical  Ahnanac;''  and 
Table  XL  sbewa  ilie  augmentation  of  the  same  occanoned  by  an  increased 
altitude.  Thus,  when  the  moon's  horizontal  semidiametcr  is  1 5'  her 
typipcurisiU  eemidiameter,  with  an  altitude  of  51^,  will  be  Id'  4^'', 

TaBLK   Xil.  AND  XIU. 

Longitude  and  Time, 

Am  the  sun  apparently  revolves  round  the  earth  once  in  every  twenty- 
four  hours,  with  an  equal  rate,  it  arrives  at  each  meridian  at  a  different 
time.  And  it  is  on  this  principle  that  the  longitude  of  a  pliu^e  is  do- 
terrriiued  by  the  interval  of  time  between  the  sim's  passing  the  meridian 

of  that  place  and  the  meridian  of  Greenwif^h.  As  the  whole  BfiO°  are 
equal  to  an  interval  of  24  hours,  any  lesser  number  oi"  de^grees  are  equal 
to  a  proportionate  interval  of  time,  and  these  two  tables  are  lor  facilitating 
the  conversion  of  longitude  into  time,  or  vice  verad.  As  an  example  of 
their  use,  let  it  be  required  to  find  the  interval  of  time  corresponding  with 
a  difference  of  longitude  of  43*  13' 

U.  M.  8. 

From  2nd  column,  Table  XII.  40^  s  2  40 
„     1st     „          „  3°=  12 

„    Ist      „         „  l(y^  40 

„    Ist      „  „  8'=  12 

„    3rd     „         „  10" «  0-667 

The  time  is  therefore   .    2  S2  62*667 


Again,  if  it  were  required  to  know  the  difference  of  longitude  cor- 
responding  with  an  interval  of  4  hours,  31  minutes,  and  6  seconds ;  we 

have 

From  1st  column  of  Table  Xlli.  4  hours  =  60^0'  0" 
„     2nd     „  „         „     31)  mins.  =  7  30  0 

„  2nd  „  .  „  „  1  min.  s  0  16  0 
„    2nd     „  „        „     6  sees.  =  0   1  30 

Which  gives  for  the  diff.  of  longitude   .   67  46  30 

Tablb  XIV. 

I^aroUlax  in  altitude  of  the  Sun  and  PlaneU. 

The  hortzontc^  parallax  of  the  mn  and  planets  depends  upon  their  dis» 
tance  from  the  earth,  and  k  given  for  everv  dav  in  the  "  Nautical  Almanac.'* 
The  parallax  for  any  altitude  is.  as  already  explained,  less  than  wlien  the 
object  ia  in  the  horizon;  and  Table  XIV,  is  intended  to  give  the  amount 
of  parallax  for  any  apparent  altitude  when  Uie  amount  of  the  horizontal 
paiallaz  is  known.  In  using  the  Table  look  for  the  horunrnkd  parallax 
at  the  head  of  the  Table,  and  in  the  column  at  the  head  of  which  it  stands, 
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and  on  the  same  line  with  the  apparent  altitude,  will  be  found  the  parallax 
required.  For  example,  if  the  sun's  horizontal  parallax  is  9",  what  is 
her  parallax  with  an  apparent  altitade  of  4S^*i  Here,  in  the  oolnnm 
having  9"  At  itn  head,  and  on  the  same  line  with  48°,  will  he  found  6", 
which  is  the  ami's  parallax  at  the  time. 

Tables  XV.  and  XVL 

Bejraction  of      Sun  and  Start. 

There  is  another  correction  Tendered  necessary  in  order  to  reduce  the 
chterved  altitude  of  a  heavfflJy  hody  to  its  apparent  altitude ;  in  conse- 
quence of  the  optical  property  of  the  atmosphere  termed  refraction.  While 
the  efiect  of  the  parallax  is  to  make  the  object  appear  lower  than  its  true 
place,  that  of  refraction  is  to  make  its  altitude  appear  greater.  The  ei^t 
of  refraction  h  gveatoM  wTien  the  ohjfict  is  in  tlio  liorizon.  and  itgradiially 
diminishes  until  at  the  zenith  it  becomes  nothing:  it  is  not.  liowever,  al- 
ways constant  for  tlie  same  altitude,  bat  varies  wit.ii  tlie  teinpcrature  and 
density  of  the  atmosphere.  Tahle  XV.  gives  the  refraction  for  every  ten 
minutes  of  apparent  altitude,  calculated  for  a  mean  temperature  of  50^ 
Fahr.,  and  a  mean  pressure  of  29*6  ins. ;  and  Table  XVI.  contains  the 
correction  requisite  to  he  made  for  any  other  temperature  and  pressure. 
For  example,  what  is  the  refraction  of  any  heavenly  body  whose  observed 
altitude  is  81^  2(y  when  the  temperature  is  72^,  and  the  barometer  80-35? 
In  this  case  we  first  find,  from  Talde  XV..  the  refraction  for  a  mean  state 
of  the  atmosphere  to  be  1'  35-5',  we  then  find,  from  Table  XVT.,  that  at 
the  temperature  of  72°  we  must  subtraci  />  .  and  with  the  barometer  at 
30  35,  liiat  we  must  add  1",  after  which  we  have  1'  31*5*  for  the  required 
refraction*  It  must  be  observed,  that  when  the  temperature  is  below  the 
mean,  die  correction  must  be  added,  and  when  alxwe,  the  mean  nUktracted; 
also,  when  the  barometer  is  h^ow  the  mean  the  correction  must  be  sti5- 
traeted,  but  when  abofte  the  same  it  must  be  added.  The  correction  for 
the  thermometer  is  found  in  the  column  having  die  temperature  at  its 
head,  while  that  for  the  barometer  is  found  in  that  having  die  pressure  at 
its  foot. 

Table  XVIL 

Correction  o/ihe  Moon*»  AUitude. 

As  already  explained,  the  effect  of  the  refraction  is  to  raise  the  object, 
while  that  of  parallax  is  to  depress  it ;  the  parallax,  however,  being 
always  the  greater,  the  tqiparent  altitude  is  always  less  than  the  true 
altitude.  Table  XVII.  contains  the  difference  of  the  redaction  and 
parallax  for  the  moon,  which  is  therefore  the  correction  to  be  added  to  die 
apparent  altilndc  to  obtain  her  true  altitude.  In  using  the  table,  the  cor- 
rection will  be  found  in  the  column  having  at  its  head  the  moon's  hori- 
zontal parallax,  and  opposite  to  the  apparent  altitude.  Should  these  not 
be  found  exactly  in  the  table,  we  must  talce  the  next  less  values,  and  to  the 
niunber  thus  found  we  must  add  or  subtract  (as  the  case  may  be)  a  pro- 
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portiotud  part  for  the  reqxuBite  number  of  miantes  or  seconds  wanting, 
which  are  given  for  the  altitudes  in  the  left-hand  colmnn,  and  for  the 

parallax  in  the  right-hand  column.  For  example,  let  the  correction  be 
required  whca  the  appare'iit  altitude  is  29°  37',  and  the  moon's  horizontal 
parallax  is  oQ'  24".  In  this  case  the  next  less  nmnbers  to  these  in  the 
Table  are  29°  30'  and  o6'. 

Under  56',  and  opposite  29°  SC,  we  hnd  47'  l" 
Add  proportionftl  parts  for  parallax  20^  18 

»>  »»         »»»»«*  ** 


47  22-5 

Snbtract  prop,  parts  for  altitude       7'  8 


Oorrection  required   ...   47  19*5 

Tlie  moon's  true  altitude  therefore  equalR  ::;()'■  21'  lO"-/?. 
Sx.  2.  What  ia  the  moon's  true  altitude  when  its  apparent  altitude  is 
^  63',  and  its  horizontal  parallax  is  $B'  20*? 

Under  58'  and  opposite  9^  SO'  we  find  .     51'  44'' 
Add  proportional  parts  for  parallax  20^  20 
„         „         „   for  altitade    8'  2 


Oorrection  52  0 

Therefore  the  moon's  true  altitade  equals  10^  45'  6*. 


Tabm  XVIIl. 

Logcmthm  for  finimg  ths  Eorarjf  AngU  or  Apparent  Time. 

The  use  of  this  Table  ia  to  facilitate  the  calcalation  of  the  Apparent 
Time  at  any  place,  from  observations  made  on  the  altitude  of  some 
known  celestial  body.  The  logarithms  in  the  Tahle  arc  twice  the  sine  of 
half  the  arc  of  longitridc  Oi)rrespondiiig  with  number  of  hours  and 
minutes  at  which  it  sUuidtt*.  The  use  of  the  Table  is  as  follows  :— 
having  obtained  this  logarithnfii  look  in  the  table  for  it,  or  for  the  next 
less  logarithm  to  it,  and  take  out  the  time  in  hours  and  minutes  as 
found  (if  the  altitude  is  decreatmg)  at  the  top  and  in  the  left-hand  column, 
(but  if  vMSrecufyig)  at  the  bottom,  and  in  the  right-hand  column.  Then 
subtract  the  logarithm  taken  in  Ihe  table  from  the  given  logarithm,  and 
having  added  to  the  right  of  the  difference  thus  obtained  two  cyphers, 
divide  it  by  the  nearest  rinnbcr  in  the  contiguous  column  headed  Dijf., 
and  the  quotient  will  be  the  number  of  Beconds  to  be  added  to  the  hours 
and  minutes  already  obtained,  when  the  altitude  k  decreasifig,  aud  to 
be  gubiract^  when  increasing.   For  example,  what  is  tiie  apparent 

♦  The  mariner  of  performing  the  calculation  by  which  this  logarithm  is  derived 
from  the  observed  altitude  is  fully  explained  in  a  Titaiiu  on  Na»^aiion,  by  JuaoM 
Greenwood,  B.A.->We«le,  Holbom. 


MilTHEUATICAL  TABLES*  35 

time  correspondiog  to  the  logarithm  9*6^9S21  when  the  altitude  was 

decreasing  ? 

Given  log    ...    .  9  64^321 

Next  less  log  ill  Table  9-648913    =  log  of  5  u.  65  m 

40800  -s-  8516  s  11  eeoonda. 

Therefore,  the  ap|»arent  time  required  is  6 b.  S5 m.  lie. 

Ex.  2.  What  is  the  apparent  time  oorreeponding  witii  the  logarithm 
9*215630,  wheuthe  altiinde  was  inareasing? 
Gircn  log    ....  9-215630 
Next  lesa  log  in  table  9-214858    =  20  h.  49  h. 

127200     7114  =  18  aeconds. 
Therefore  the  apparent  time  is  20h.  48  v.  42  a. 

Table  XIX. 
Common  and  Hypen^ioUe  ZfcgaarUhm*. 

The  object  of  this  Table  is  to  facilitate  the  conversion  of  common 
iogaritliius,  into  hyperbolic,  and  vice  versa.  Its  use  is  follows: — To 
convert  common  logarithms  into  hyperbolic,  write  the  common  logaritbm, 
aa  shewn  in  the  first  example  below,  and  then  take  from  the  second  cuiumn 
of  the  Table  the  eqaivalent  value  of  each  figure  in  hyperbolic  logarithms, 
taking  care  that  the  latter  are  each  moved  as  many  places  to  the  right  as 
the  corresponding  numbers  in  the  common  logarithm  are ;  the  sum  of  the 
whole  will  be  the  hyperbolic  logarithm  required. 

To  convert  hyperbolic  logarithms  into  common,  proceed  in  a  similar 
manner,  writing  the  hyperliolic  logaritlnn  as  in  the  eecond  example 
below,  and  taking  its  equivalent  value  in  comown  logarithms  from  the 
fourth  colnnm  of  the  Table. 

£x.  1.  What  is  the  hyperbolic  logarithm  of  3156  ? 

By  reference  to  Table  I.  we  find  the  common  logarithm  of  8156  is 
3-499187;  then— 


Com.  Log. 

Hyp.  Log. 

6-907755 

3 

•4.   .   .  . 

•921034 

0 

•207232 

7 

•009  ..  . 

•020728 

8 

•OCV^l.    .  . 

•000230 

3 

1 

•000007  .  . 

•000016 

1 

8-OCT061 

Hx,  2.  What  is  the  common  logarithm  of  the  number  whose  hyperbolic 
logarithm  is  5160781? 
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iijp.Log. 

6-  

•1  

•06   ...  . 

•0007.    .    .  . 

•uoooa  .  ,  . 

•000001  .    .  . 


CJom  Log. 

2-171472 

A 

•018429 

6 

•026057 

7 

•0<X)304: 

0 

•oouoia 

u 

4 

2-241277 

Tablb  XX. 

Curvatvare  of  the  EaHh  and  Refraistiion. 

This  table  is  of  use  in  G^odeeical  (yperationB.  Practically,  a  level  line 
on  the  earth's  surface  is  a  line  everywhere  equally  distant  from  its  centre. 
It  is  obviously,  therefore,  not  a  straight  line,  bnt  is  a  portion  of  a  circle, 
having  the  same  radins  as  the  eartk  When  a  level,  theodolite,  or  other 
instrument  has  the  axis  of  its  telescope  bo  adjusted  as  to  be  truly  level,  the 
prolongation  of  that  axis  is  not,  a  h;vel  line,  but  is  a  tangent  to  that  line, 
coinciding  with  it  only  at  the  point  where  the  instrument  stands,  and  being 
ahuve  it  everywhere  dee.  The  lieight  of  tins  line  above  the  true  level  line, 
if  there  were  no  refraction,  would  be  equal  to  the  ver  sine  of  an  arc  ivhose 
radius  equalled  that  of  the  earth,  and  whose  length  was  equal  to  the  dis- 
tance from  the  instrument :  these  heights  for  various  distances  up  to  30 
miles  are  given  in  the  second  column  of  the  Table.  The  efiPsct,  however, 
of  the  lefraetion  of  the  atmosphere  is  to  curve  the  visual  ray  passing 
through  the  centre  or  axis  of  the  telescope,  m  that  the  optical  axis  is  really 
a  curved  line  which  approTimates  vcn^  nearly  to  a  circle,  having  a  radius 
seven  times  greater  than  that  of  the  earth.  Tlio  heights  in  the  second 
column  require  to  be  reduced  by  a  seventh  part,  and  the  numbers  thus 
obtained  are  given  in  the  third  colunm.  To  exemplify  it^  use,  let  us  sup- 
pose that  an  instrument,  placed  in  an  elevated  position,  has  its  telescope 
directed  to  a  church  tower  3  miles  distant,  and  that  when  its  telescope  is 
perfectly  level  the  horizontal  vnres  are  found  to  cut  a  point  in  one  of  the 
windows,  which,  on  direct  measurement,  is  found  to  be  95  feet  from  the 
ground,  it  is  reqidred  to  ascertain  the  real  differoice  of  level  of  the  two 
spots.  Now,  on  reference  to  the  Table,  we  find  the  correction  for  3  miles 
is  .^•14,  which,  being  sxJAracted  from  95  feet,  gives  89*86  feet  for  the 
actual  height  of  the  instrvmient  above  the  groinid  on  which  the  tower 
Btands.  In  taking  a  seriesi  of  consecutive  observations,  as  in  the  ordinary 
operation  of  levelling  by  h<uh  and  /ore  sights,  to  ascertain  the  relative 
level  of  two  distant  places,  so  long  as  no  great  difiPerenoe  in  the  range  or 
length  of  the  sights  occnrs,  no  correction  for  curvature  or  refraction  need 
be  made,,  for  when  the  sights  are  actually  eqiud  no  error  arises  in  the 
ultimate  result. 
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Tables  XXI.,  XXIL,  XXIIL,  amd  XXIV. 

Trigonomelneai  Hsopremans, 

These  Tables  Nqiiire  no  particijlar  esq^UnatioQ.  Table  XXL  contains 
equivalent  expressions  for  tin  a,  cos  a,  tan  a,  ccX  a,  tee  a,  cosec  a,  ver  sm  a, 
and  will  be  found  of  considerable  use  in  ledncing  formnI»  containing 
trigonometxical  expressions.  Table  XXIL  contains  expressions,  the  sin, 
cos,  tan,  and  cot,  of  mutiple  fures.  Table  XXIIL  contains  a  variety  of 
formulia  relating  to  the  trigonometrical  functions  of  two  angles  or  Mm 
And  Table  XXIV.  contains  expressions  for  the  Rin,  cos,  tan,  and  cot,  in 
terms  of  tlie  arc,  and  for  tiie  arc  in  terms  of  the  .sin.  and  tan,  and  also  eoc- 
preasions  for  the  powers  of  the  sin  and  cos. 


Table  XXV. 

i^.  4         The  Ibrmuln  given  in  Qm  Table  are  intended  to 

enaWe  all'tbe  six:  parts  of  a  plane  rectilineal  triangle  to 
be  |determiued  when  three  of  those  parts  were  pre- 
vionsly  known.  When  either  a  Bide  or  angle  ia  wanted 
it  will  only  be  necessary  to  make  A  or  j3  the  side  or 
angle  aa  the  case  may  be,  and  to  insert  in  the  formulsa 
the  proper  values  of  those  letters  which  are  known,  which  will  then  ex- 
press the  value  wanted.  For  example,  in  a  triangle,  two  of  whose  sides 
are  23  and  85  feet  in  length,  and  the  angle  included  between  is  51®,  what 
is  the  length  of  the  third  side  7  In  this  case  we  have  given  B,  0  and  a, 
and  want  to  find  A,  we  must,  therefore,  seleet  a  formuln  containing  only 
those  letters ;  we  find,  accordingly,  No.  7  gives 

A  =v'(B'  +  C'  — 2B.O.coflo.) 
We  have  B  =  23,  0  —  35,  cos  51*^.=  '62932;  inserting  these  values, 
we  have 

A  =v^(28*  +  36*-2x  23  x  36  x  -62932)  =  27-217,  which  is  the 
length  of  tiie  side  required. 

Tabuj  XXVL 

The  formulae  given  in  this  Table  are  to  facilitate  the  solution  of  quad- 
ratic and  cubic  equations,  in  order  to  which  it  is  only  necessary  to  substi- 
tute for  p  and  g  their  known  values  in  the  foimuln  when  the  value  of  x 

will  be  determined.  By  way  of  example,  let  it  be  rcq  in  1  to  find  the 
value  of  X  in  the  cubic  equation  x'  +  3a;— 536  =  0.  We  see  by  reference 
to  the  Table  that  this  corresponds  with  equation  (G)  in  the  Table,  being- 
equal  to  8,  and  q  to  53G.  Then,  if  we  substitute  these  valu^  in  the 
second  expression,  it  becomes. 

Oicraibte,  a  s  0°  12'  36",  and  ^ a  =  0^  6'  IS'; 
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then, 

Tin  /5  =     tan  (6'  18*) ; 
therefore,  j9  s  7°  1'  S*,  and  2 /5  « 14*>  2f 

and 

x  =  2  y^  .  cot  (14°  a'  ICO  -8, 
which  is  the  true  value  of  x. 

Table  XXVII. 

This  Table  contains  the  differential  coefficients  of  some  of  the  most  frc- 
quemly-ocourrinj:  fnuctions  of  Uf  and  will  be  found  to  include  all  the  rulee 
for  simple  differentiation 

Table  XXVIII. 

This  table  contains  a  variety  of  constant  numbers  of  frequent  use  in 
general  calculatiouti ;  it  also  contaiue  their  logarithms  to  seven  places  of 
decimals,  and  the  aritkiuetieal  complements  of  the  aaxae.  The  latter  will 
be  found  of  use  in  caaea  wh^e  it  is  required  to  divide  by  the  numbers  in 
the  Table. 

Table  XXTY 

To  reduce  (fte  Sun*$  IkcHnaHon  to  a/n^  given  Meridim,  and  to  any  tme 

under  llhat  Meridian» 

In  the  **  Nautical  Almanac the  sun's  declination  is  given  for  each  day 
at  noon  at  Greenwich ;  it  is,  however,  necessary  ibr  the  purposes  of  navi- 
gation to  ascertain  its  declination  at  any  other  meridian,  either  at  noon  or 
at  any  other  time  of  the  day.  In  either  of  these  cases,  having  obtained 
the  declination  from  page  IT.  of  the  month,  in  tiie  ''Nautical  Alinanac,'* 
the  correction  to  be  either  added  or  subtracted  therefrom,  according  to  the 
directions  given  bclovr,  may  be  fonnd  in  the  following  manner. 

T.  1/  the  suns  dedinatiov.  is  require.d  for  some  other  meridian  at  noon, 
reckon  the  difference  of  longitude  between  that  meridian  and  Greenwich, 
then  look  for  this  diilereuce  in  the  hrst  left-hand  column  of  the  table,  and 
on  the  line  on  which  the  same  is  foimd,  and  in  the  vertical  column  having 
at  its  head  the  nearest  number  to  the  declination  already  taken  from  the 
Nautical  Almanac,"  will  be  fonnd  the  correction  required.  It  will  be 
seen  in  the  ''Nautical  Almanac,**  whether  the  sun's  declination  is  in- 
creasing or  decreasing ;  when  decreasing,  add  the  correction  in  east  lon- 
gitude, and  subtract  it  in  west  longitude ;  but  when  the  declination  is 
increasing,  subtract  the  Correction  in  east  longitude,  and  add  it  in  west 
longitude. 

Extm^ple, 

What  was  the  sun's  declination  at  noon,  on  the  13th  of  November,  1350, 
in  longitude  176**  w.  ? 
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Hero  we  find,  from  the  "  Nautical  Almanac,"  tliat  the  eim's  declination 
at  noon  at  Greenwich  was  17*^  58'  V'  south,  and  that  it  was  increasing. 
We  next  look  in  the  first  column  of  the  table  for  the  given  difference  of 
loDgitade,  viz.,  175°,  but  the  nearest  number  that  we  find  ia  170**,  which 
is  too  small,  and  we  most,  therefore,  add  together  the  corrections  found 
in  the  proper  vertical  column  on  both  the  lines  having  and  170°  in  the 
first  column.  Thus,  in  the  present  instance,  in  the  column  having  at  its 
head  18°  (the  nearest  to  17°  68'  1",)  and  on  the  same  line  with  6®  we  find 
13",  and  on  the  same  line  with  170°  we  find  7'  22";  thnsc  hcing  added 
togctlier  give  7'  35"  for  the  re(|uired  correction,  which,  as  the  sun's  decli- 
nation is  increasing  and  tlic  difl'erenco  of  longitude  w  westerly,  has  to  be 
added  to  17°  58'  1",  making  18^  6'  36"  for  the  sun's  declination  at  noon  in 
longitude  175°  west 

IL  If  the  sm^t  deelinalion  it  required  for  Qreewmch  (U  amy  other  hour 
than  noon,  reckon  the  interval  between  that  time  and  noon;  then  look  for  this 
interv  al  in  the  last  right-hand  column  of  the  table,  and  on  the  same  line 
in  which  it  is  found,  and  in  the  vertical  column  having  at  its  bead  the 
nearest  number  to  the  snn's  declination  (from  the  "Nautical  Abnanac"), 
will  he  found  the  required  correction,  which,  when  the  sun's  dcclinntionis 
increaHing,  is  to  be  added,  if  the  time  is  after  noon,  and  subtracted  if  before 
noon;  but  wheu  the  deciiuatiuu  ia  decreasing  must  be  subtracted  if  the 
time  is  after  noon,  and  added  if  before  noon. 


Exam^Xez. 

What  was  the  sun%  dedination  at  Greenwich  on  the  4th  of  July,  1850, 

at  7  b.  28  m.? 

From  the  "  Nautical  Almanac  "  we  find  the  .^nn's  dc(dlnation  at  noon  to 
have  been  22"  oi'  68"  north,  and  to  have  been  decreasing.  Then  looking 
in  the  last  colmnn  of  the  table  for  the  nearest  number  to  7h.  28  m.,  we 
find  7  b.  20  m.,  and  on  the  same  line  in  the  column  headed  with  2S°  (the 
nearest  number  to  22*^  64'  58'',)  we  find  1'  80",  and  in  the  same  vertical 
column  on  the  same  line  with  8  mu  we  find  2",  therefore  the  correction  is 
1'  32",  whieh,  as  the  sun's  declination  was  decreasing,  and  the  time  after 
noos  has  to  be  suhtracted  from  22°  54'  58",  leaving  22®  53'  26"  north  for 
the  sun's  declination  at  the  honr  required. 

What  was  the  sun's  declination  at  Greenwich  on  the  24th  of  August, 
1850,  at  20  h.  12m.? 

In  this  instance  the  time  given,  viz.,  20  h.  12  m.  on  the  24th  is  equi- 
valent to  3  b.  48  m.  before  noon  on  the  25tb,  for  wkich  day  the  sun*s 
declination  is  found  in  the  "  Nautical  Almanac  "  to  have  been  10°  48'  56" 
north,  and  to  have  been  decreasing.  Looking  then  in  the  column  of  the 
table  having  at  its  head  11°  (the  nearest  to  10°  48'  56",)  and  on  the  same 
line  with  3  h.  20dl  we  find  2'  56",  and  on  the  eamc  line  wi&  28  m.  we 
find  25" ;  adding  these  two  together,  we  obtain  o  for  the  correction, 
which,  as  the  sun's  declination  is  decreasing,  and  the  time  before  noon. 
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must  be  added  to  10^  48'  making  iO"  oii'  17'^  north  for  the  8im'B 
declination  at  the  time  leqnired. 

III.  If  the  zun*%  decHnaiion  u  reared  for  tome  other  meridian  ikon 
Oreenmchf  ai  any  oiher  hour  than  noon,  we  must  first  uuike  the  neceuaiy 
correction  for  the  difference  of  longitude  in  the  manner  already  explained, 
and  then  the  correction  for  time  according  to  role  II. 

Hxam^piet. 

What  was  the  enn's  declination  on  the  17th  of  Hay,  1850,  at  5h.  40id., 
in  longitude  128Pk,7 
Son's  declination  (increasing)  at  Greenwich,  at  noon  19^  IS'  38"  n. 

Subtract  correction  for  120^  4' 46"\   ^    g  g 

Subtract  correction  for    8^  0  19  J 


19 

13 

33 

Add  correction  for  ok  20 in  3'  IT'") 

0 

8 

23 

Add  correction  for  0  L  20  m  u  i:i  J 

Sun's  declination  at  the  time  and  place  required  . 

19 

16 

56  N. 

What  was  the  sun's  dedination  on  the  3rd  of  June,  1850,  at  17  h.  20  m., 
in  longitude  79^  w.  ? 

171i.  20  m.  on  the  Srd,  is  equivalent  to  6h.  40m.  on  the  4:tli. 
Bun's  declination  (increasing)  at  Greenwich,  at  noon  22°  25^  4:7"  v. 

Add  correction  for  70°  1'  41"  I   o    1  53 

Add  correction  for  ^  0  12  > 

22  27  40 

•Subtract  correction  for  6  h.  40  m.   0    2  24 


Sun's  declination  at  the  time  and  place  required   .   .  22  25  IG  n. 


Wh®i  Ihe  sun  is  neiMr  either  of  the  equinoxes  its  declination  may  be 
less  than  the  correction,  in  which  case,  when  the  correction  is  suV»tractive, 
the  declination  must  be  subtracted  from  it,  and  tlie  remainder  will  be  the 
sun's  declination  of  a  contrary/  name  to  that  which  it  waa  before. 

What  was  the  stiti's  declination  at  noon  on  the  23rd  of  September,  1850, 

in  longitude  164°  e  ? 

Tlie  Rim's  declination  (iurreasing)  at  noon,  at  Greenwich    0°   1'  57"  s. 
Subtract  correction  for  160°  at  noon    .    .    10'  26^'  \    q  lo  41 
Subtract  correction  for    4°  0  16  J 


Sun's  declination  at  the  place  required 


0    8  44  k. 
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LOGABTTHMS  OF  NUJIBEBS. 
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137*2 

171*5 

205-8 

240*1 

274*4 

308-7 

1268 

34-2 

684 

102*0 

1368 

171*0 

205*2 

239*4 

273*6 

307*8 

127a 

341 

68-2 

102*3 

136-4 

170*5 

204*6 

43?*7 

272*8 

306*9 

1276 

34-0 

6S''o 

I  36-0 

I  7::'o 

204.- 0 

Z3S-0 

27  Z'c 

"79 

339 

678 

ioi*7 

1 35-6 

169*5 

203*4 

2373 

271-2 

305-1 

1283 

33« 

676 

loi'4 

»35* 

169*0 

202*8 

236*6 

270*4 

304-2 

1287 

337 

674 

101*1 

1348 

168-5 

202-2 

235*9 

26t6 

30  3' 3 

1291 

33-6 

67-2 

100*8 

i34'4 

1680 

201-6 

235-2 

26^  8 

302-4 

"95 

335 

67-0 

ico'5 

1340 

167*5 

201*0 

2345 

2680 

301-5 

33-4 

66-8 

IOO*2 

133-6 

l6;-0 

2  0o'4 

233-8 

2672 

300-6 

1302 

333 

66-6 

^^"^ 

133  a 

166-5 

199-& 

233-1 

266*4 

299*7 

1306 

332 

66-4 

99*6 

132*8 

i66*Q 

199*2 

232-4 

265*6 

298*8 

1310 

331 

66-2 

99'1 

13.V4 

165-5 

23r7 

164-8 

297*9 

1314 

33-0 

660 

I  32'0 

1650 

25  ro 

2640 

297-0 

13x8 

3»*9 

65*8 

9^7 

I  31*6 

164*5 

'97-4 

230-3 

263*2 

196- 1 

32'8 

65*6 

984 

131*2 

1640 

196-8 

229-6 

262*4 

295-2 

1326 

3*7 

65*4 

98-1 

130*8 

163-5 

196-2 

228-9 

261*6 

294'3 

1330 

32*6 

65-2 

97*8 

130*4 

163-0 

195-6 

228*2 

260*8 

1334 

3  •-■5 

6  i^'o 

97-5 

1  ,,, 

:6.5 

UV5C 

2. 2  " '  ^ 

•>6'Vc; 

-i;r  5 

1338 

648 

97*2 

129  6 

J  020 

'94  4 

226  8 

259  2 

Hi :  6 

1343 

3*3 

646 

969 

129-2 

»6i*5 

1938 

226*1 

2584 

7-i-jO'7 

1347 

32'2 

64-4 

96*6 

128*8 

i6i*o 

193-2 

2254 

2576 

2898 

MATHEMATICAL  TABLES. 


No.  135  L.  130.] 


N. 


Loa^AKUHMS  OF  NUMBEBS. 


[No.  149  L.  175. 


13s 
6 

7 
8 


140 
I 

» 

3 
4 

I 

7 

i 

s 


130334 

3539 
67x1 
9879 


065s 

3858 

7037 


0977 
4177 
7354 


I43e>i5 


151288 
S362 


161368 

4353 
73»7 


1 70262 


0194 
33^7 

6.38 
9527 


259+ 

5640 

8664. 


1667 

4650 

7613 


3639 
6748 
9835 


2900 

594^ 


1967 

4947 

7908 


0848 


I29I} 
4496 
7671 


oS22 

395' 

0142 
3205 

62^6 
9266 


1619 

4814 
79«7 


1 136 
4263 

7367 


2z66 

524^ 

8203 

1 14.1 

AC  to 


0449 
3510 
6549 

95^7 


2564 

5541 
8497 


'434 
4351 


'919 

5'33 
^3^3 


1450 
4574 

7676 


0756 

3J«'5 
6852 
9868 


2260 

545  T 


1763 
4885 

7985 


1063 
4120 
7154 


2580 

5769 

^934 


0076 

5196 

8294 


8 


2900 

9^49 


2389 

5507 
8603 


1370 

44*4 

745' 


I  1676 
1 4728 

7/1-9 


0168 
3161 

6134 


2863 
583» 

8792  I  9086 
493a 


Q469 
3460 


6 

9? 


'^430 


1726 
4641 


231 1 
5222 


0769 
3758 

6-^6 

9674 


2603 
5Sia 


3219 

6403 

95H 


2702 
5818 

8911 


1982 
5032 
8061 


1068 

4055 

7022 

9968 
5802 1 


»35 

6 

7 
g 

9 

140 


I 
1 

o 

s 

04 


35» 
355 
359 
364 
368 

376 
381 

385 
390 

394 

398 

403 
408 

412 

4»7 
422 
426 

43 » 
436 
441 

450 

455 
460 

M^5 

470 

47? 
480 

485 

490 

495 
500 

505 
Sii 
516 


I 

2 

3 

4 

5 

6 

m 

8 

9 

32'  J 

Aft*  *t 

9"  3 

10^ '6 

^c6-8^ 

-'88-Q 

32'0 

96*0 

1  ZO  w 

T  nn*n 

1  t? 

V9 

03  0 

95  7 

\  1  Tn 
i  X  /  \J 

T  f  r  ■  C 

6t-6 

I27'2 

iQO-8 

222-6 

J  1  T 

«86's 

3'7 

63-4 

95- 1 

126-8 

158-5 

190-2 

221-9 

253-6 

285-3 

31-6 

632 

94-S 

126-4 

158-0 

189*6 

221-2 

asa*8 

284*4 

31-5 

630 

945 

126-0 

157-5 

189*0 

220"5 

252*0 

283*5 

3»-4 

62-8 

94-2 

I  S7-0 

i8S-4 

■2  19-8 

251-2 

31.3 

62*6 

93'9 

125*2 

156-5 

187-8 

219-1 

»SO-4 

281-7 

31-2 

62'4 

93-6 

124-8 

156-0 

187*2 

21 8*4 

249*6 

280*8 

3I-I 

62'2 

933 

124-4 

155-5 

i86-6 

217-7 

248-8 

479*9 

31*0 

62'0 

930 

124-0 

155-0 

i860 

217-0 

248  c 

279-0 

309 

6i-8 

927 

I23*6 

154-5 

185-4 

216-3 

247-2 

278-1 

30-8 

6i-6 

924 

1  54-0 

,S4'« 

2 1 ;  ■  Ci 

2464 

277'2 

307 

61  "4 

92-1 

122-8 

1535 

184-2 

2149 

245-6 

276-3 

30-6 

6i-2 

918 

I22'4 

153-0 

183-6 

214-2 

244-8 

275-4 

30-5 

61  'O 

9''5 

122-0 

152-5 

183-0 

213-5 

244-c 

-74-5 

304 

608 

91-2 

I2I-6 

152-0 

182-4 

212-8 

243-2 

2736 

30-3 

6o-6 

909 

151-5 

i8tS 

2121 

242-4 

272-7 

30-z 

60-4 

90'6 

I20-8 

151-0 

i8i-2 

2II-4 

241-6 

2718 

30-1 

6o-2 

90'3 

120-4 

150-5 

igo-6 

210-7 

240-8 

270-9 

30-0 

6o-o 

90-0 

JaO'O 

150-0 

i8o-o 

210-0 

240-0 

270-0 

29-9 

59-S 

897 

1 19-6 

U9"5 

179-4 

209-3 

•7^39-2 

269- 1 

29-8 

596 

894 

119-S 

149-0 

2oS-6 

23S-4 

268-2 

a97 

594 

89-1 

iiS-8 

207-9 

237-6 

267-3 

29*6 

59  a 

88-8 

118-4 

1480 

177-6 

207*2 

236-8 

266-4 

*rs 

59"o 

88-5 

ii8-o 

147.5 

177-0 

206-5 

'in 

29-4 

58-8 

Uz 

1 1 7-6 

147-0 

17  6-4 

205-!? 

235-2 

264*6 

29-3 

586 

870 

117-2 

146-S 

I7S-8 

2051 

2344 

263-7 

292 

58-4 

876 

1 168 

146-0 

175*2 

204-4 

233-6 

2628 

29'I 

582 

«7-3 

tx6'4 

H5*5 

174-6 

203*7 

232-8 

26 1 9 

29*0 

580 

87-0 

ii6*o 

1450 

1740 

203*0 

232*0 

261-0 

28-9 

57-8 

867 

115-6 

144-5 

»73'4 

202*3 

»3J*» 

260*1 

57-6 

864 

115-2 

144-0 

172-8 

201-6 

230-4 

2592 

287 

574 

861 

114-8 

i4r5 

17**2 

200*9 

229*6 

258-? 

28*6 

57** 

858 

114-4 

1430 

171*6 

aoo'2 

2«8*8 

a57-4 

MATHKBIATIGAL  TABLES. 


45 


"So.  150  L.  176.] 


IjOq^bitbms  or  Ndmbebs. 


[No.  169  L.  230. 


150 
I 

2 

3 
4 

5 
6 

7 
8 

9 

160 


176091 
8977 


181844 
4691 

75*1 


19033a  061a 
3125 


5900 

8657 


201397 

41x0 
68a6 

95'5 


212188 
4S44 
7484 


asoioS 
2716 

S309 
7887  )  8144 


63S1 
9x64 


2129 

4975 
7803 


3403 
6176 

8932 


1670 
4391 

9783 


2454 

5^09 
7747 


0370 
2976 

556S 


955* 


2415 

5*59 
8084 


0892 
3681 

6453 
9206 


1 9+3 
4663 
7365 


00  5  ! 

27ZC 

5373 
8010 


0631 
3236 
5826 
8400 


6959 
9839 


1700 

8366 


1171 

3959 

0749 

9481 


22 1 6 

4934 
7654 


7  24  A 


0126 

2985 

8647 


H5» 
4»37 
7«>S 

9755 


C319 
2986 
5638 
8273 


0892 
3+96 


2488 

5204 
7904 


058b 

3*5* 
5902 

8536 


1153 
3755 


6084  I  6342 
8657  8913 


0413 

3^70 
6108 
8928 


1730 
4514 
7281 


C029 
2761 

5475 
8173 


0699 

3555 
6391 
9*09 


2010 

479* 
7556 


0303 

3033 

5746 

Sa4l 


8113 


09)^6 
3859 
6674 
9490 


22S9 
5069 
783a 


0577 

3305 
6016 
8710 


{(401 


1272 

4.123 

9771 


2-5^7 
5346 

8107 


0850 

3577 

S979 


8689 


1558 
4407 

7*39 


0051 
2846 
5623 
838a 


0S53 
3518 
6166 
8798 


1414 
4015 
6600 
9170 


I  121 
3783 
6430 
9060 


1675 

4*74 

685S 

9426 


1 388 
4x14.9 
6694 
93-3 


1936 

4533 

71 1 5 

9682 


16 

43 '4 

6957 

2196 

479* 

7372 
9938 


1124 

3848 

6556 
9247 


192 1 

4579 

7«2t 
9846 


2456 
S051 
7S30 


0193 


150 

I 
2 

3 

4 
5 
6 


7 

8 

9 
160 
I 

* 

$ 
4 
5 
6 

7 
8 

9 


c 

i 


1521 
1527 
153a 
»537 

1543 

154.8 

15.54 
1559 

1570 

1576 
2582 
1587 

'593 

'599 
1605 

1611 

1617 

1623 
1629 

1635 
J641 
164.8 
1654 
1660 
1667 
1673 
1680 
1686 
1693 
1699 


I 

z 

285 

57-0 

28-4 

56-8 

a8>3 

566 

»8*2 

5^4 

28-1 

56-2 

28-0 

560 

»7'9 

55-8 

27-8 

55-6 

277 

55  4 

27-6 

27-5 

55-0 

27-4 

S4-8 

*7'3 

54-6 

27'2 

54*4 

27"1 

54-2 

27-0 

54'o 

26*9 

53-8 

268 

53'6 

267 

53'4 

266 

53-* 

26-5 

53-0 

26-4. 

52-S 

*6-3 

52-6 

z6't 

S»-4 

26-1 

52-2 

260 

52-0 

259 

51*8 

25-8 

5«-6 

257 

51-4 

25  6 

51-2 

»55 

51-0 

3  ( 

-n 

5 

«5-5 

114-0 

142-5 

S5-* 

113-6 

142-0 

849 

113-2 

141-5 

846 

1 12-8 

141-0 

84-3 

1 12-4 

140-5 

840 

113,0 

140*0 

837 

III-6 

i39'5 

834 

iii-a 

139-0 

831 

iio*8 

138-5 

82-8 

iio'4 

82-5 

I  lO'O 

137-5 

82-2 

109*6 

137-0 

81*9 

109-2 

136-5 

8ro 

108-8 

136-0 

8i-3 

108-4 

1355 

S  T  -O 

108-0 

135-0 

S07 

107-6 

134-5 

8o*4 

134-0 

So- 1 

nrs 

798 

ics6'4 

1330 

795 

io6-o 

i3*-5 

79'2 

105-6 

132-0 

789 

105-2 

131-5 

786 

i04'8 

131*0 

78-3 

104-4 

»30-5 

78-0 

104-0 

130-0 

777 

I03'6 

ia9'5 

77'4 

103-2 

129-0 

77-1 

102-8 

,2X5 

76-8 

102-4 

1280 

765 

102-0 

127-5 

6 

7 

8 

9 

17 1  "O 

199*5 

228*0 

1704 

198-8 

227-2 

255-6 

169-8 

198-1 

226-4 

»547 

169*4 

197-4 

225*6 

»$3-8 

i6S-6 

196-7 

224-8 

252-9 

1680 

196-0 

224-0 

252-c 

167-4 

»95| 

251-1 

166-8 

194-6 

222*4 

250*2 

i66-a 

193-9 

221*6 

249-3 

165-6 

193-2 

220-8 

248-4 

165-0 

192-5 

220-0 

*4r5 

1 64-4 

191-8 

219-2 

246*6 

163-8 

1911 

218-4 

^+57 

163-2 

190-4 

217-6 

244-8 

i6a-6 

1897 

ai6-8 

243-9 

162-0 

189-0 

216-0 

243-0 

161-4 

188-3 

215-2 

242-1 

1608 

187-6 

214-4 

241-2 

i6o-2 

186-9 

213*6 

240' 3 

159-6 

i86-2 

212*8 

239-4 

159-0 

185-5 

2I2'0 

*3«-5 

158-4 

184-8 

11  I'Z 

237*6 

157-8 

184-1 

210-4 

236-7 

157-2 

.83-4 
182-7 

209-6 

*35-8 

156-6 

208-8 

2349 

156-0 

l82"0 

208-0 

234-0 

155-+ 

181-3 

207-2 

233-1 

1  S4iJ 

180-6 

206-4 

232*2 

'54* 

179-9 

205*6 

231-3 

153-6 

204-8 

230-4 

1530 

178-5 

1  204-0 

229-5 

UATH£MATICAL  TABLES. 


No^  170  L.  ftja] 


LOOABEEHMB  Of  lTiniBIBB8. 


0  1 

I 

2 

3 

4  1 

S 

6 

7 

8 

170 

230449 

0704 

oy6o 

1470 

1724 

1979 

2234 

2488 

I 

2996 

3250 

35-4 

3757 

4011 

4264 

4517 

4770 

5023 

2 

5528 

578t 

603-5 

628  s 

6537 

6789 

7041 

7292 

75++ 

3 

8046 

^799 

9049 

9299 

9550 

9800 

0050 

4 

240549 

0799 

1297 

1546 

1795 

204^. 

2293 

2541 

5 

3038 

3286 

353+ 

3782 

4030 

4277 

45^5 

4772 

5019 

6 

55»3 

5759 

6006 

6252 

6499 

6745 

6991 

7*37 

7482 

7 

7973 

8219 

8464 

8709 

8954 

9198 

9443 

9687 

9932 

8 

250420 

0664 

0908 

"S« 

1395 

1638 

1881 

2125 

2368 

9 

2853 

3096 

3338 

3580 

3822 

4064 

4306 

4548 

4790 

I  So 

5273 

55»4 

5755 

5996 

6237 

6477 

6718 

6958 

7198 

I 

7679 

7918 

8158 

8398 

8637 

8877 

91 16 

9355 

959+ 

2 

260071 ■ 

0310 

0548 

0787 

1025 

1263 

1501 

•739 

1976 

3 

2451 

2688 

»9»5 

316X 

3399 

3636 

3«73 

4109 

434^ 

4 

4818 

5054 

5«90 

S5»5 

5761 

5996 

6232 

6467 

6702 

5 

717Z 

7406 

7641 

7875 

8110 

8344 

18578 

88 IX 

9046 

6 

95^3 

97+6 

99?o 

01 1 1 

C446 

0679 

0912 

1144 

1377 

7 

271842 

2074 

2306 

1  2538 

2770 

30UI 

3233 

3464 

3696 

8 

4158 

4389 

4M10 

4850 

5081 

5311 

554* 

5774 

6002 

9 

64;62 

6692 

0921 

1  7151 

7380 

7609 

7838 

8067 

8296 

piTa  189  L.  278. 


5276 


N. 


0300 
2790 
5266 

7728 


0176 
2610 
5031 

7439 

9833 


2214 

4582 

•937 

9279 


1609 

39*7 
623s 

8525 


170 
I 
2 

3 
4 

5 

6 

7 
I 

9 

180 

s 

2 

3 


1 


1 

o 

O 


N. 


1706 
1713 
1719 
1726 
1733 
1740 

1747 
1754 
1 701 

1769 

1776 

'783 
1790 

1798 
1805 

i8j3 

1820 

1828 
1836 

>84+ 

1852 

1867 

1876 
1884 
1892 
1900 
1908 
1917 


I  1 

2 

3 

4 

5 

6 

7 

8  1 

9 

25-41  50'8 

IOI-6 

127-0 

152*4 

177-8 

203-2 

228-6 

25-3 

50-6 

75-9 

I0['2 

126-5 

151-8 

177-1 

202-4 

227-7 

25-2] 

504 

75-6 

ico'8 

ia6'o 

151*2 

176*4 

201-6 

226-8 

251 

50*2 

75"3 

100^4 

1*5*5 

«50-6 

175*7 

200'8 

225-9 

25*0 

50*0 

75-0 

ICO'O 

125-0 

1 50-0 

175-0 

20O-O 

225-0 

24-9 

49-8 

747 

99-6 

124-5 

149-4 

»74-3 

199-2 

224-1 

24-8 

49-6 

744 

99-2 

124*0 

148-8 

173-6 

198-4 

223-2 

247 

494 

74*1 

98-8 

123-5 

148*2 

172-9 

1976 

222-3 

24*6 

49*2 

73*8 

98*4 

i»3*o 

147-6 

172*2 

196*8 

221*4 

*4*5 

49-0 

73'5 

980 

122-5 

147-0 

I7rs 

196*0 

220*5 

24-4 

48-8 

73-2 

97-6 

122-0 

146*4 

170-8 

195*2 

219-6 

H"3 

4S-6 

72-9 

97** 

121*5 

145*8 

170*1 

«94*4 

2187 

24"2 

48*4 

96*8 

121 'O 

145-* 

169*4 

193*6 

217-8 

24-1 

48-2 

7^-3 

96-4 

120-5 

144-6 

1687 

192-8 

2i6'9 

24'0 

48-0 

96-0 

I20-0 

144-0 

168*0 

1920 

216-0 

23-9 

47*8 

717 

95-6 

119-5 

143-4 

167*3 

191*2 

215*1 

23-8 

47-6 

71-4 

95-2 

1  19-0 

142-8 

i66-6 

190-4 

214-2 

237 

47 '4 

71*1 

94' 8 

I  iS-5 

142-2 

165-9 

189-6 

213-3 

236 

47-2 

70-8 

9^-"+ 

1  1 180 

141-6 

165*2 

i88*8 

212*4 

235 

47-0 

705 

940 

117-5 

141*0 

164-5 

1880 

211*5 

23-4 

46-8 

7C-2 

93-6 

1 1 7-0 

140-4 

163-8 

187-2 

210-6 

466 

93* 

116-5 

139-8 

1631 

1864 

209'7 

4^-4 

09*6 

92*8 

•39** 

162*4 

185-6 

208-8 

23'I 

46-2 

69-3 

92-4 

II5-5 

138*6 

161-7 

184-8 

207-9 

23-0 

46-0 

biyc 

920 

1 15-0 

138*0 

16 1-0 

184-0 

207-0 

22-9 

45-8 

68  7 

91-6 

114-5 

137-4 

1 60-3 

183  a 

2o6-i 

22-8 

4S'6 

684 

91'2 

1 14-0 

136-8 

1596 

182-4 

205-2 

227 

4S'4 

68-1 

908 

"3'S 

136-2 

1589 

i8i-6 

2043 

|22*6 

45'2 

678 

90-4 

113*0 

135-6 

158-2 

180*8 

203*i 

MATHEMATICAL  TABLES. 
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7 
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No.  190  L.  178.3 


LOGABTTHMS  OF  NUMBEItS. 


[No.  214  L.  332. 


9 
210 
I 
2 

3 

4 


27S7 


34- 


CO. 
o  y  u  ^  I 


3 


921 1  I  9439 


281033 
3301 

5557 
7802 


2900  3  5 
2256 
4466 
6665 
8853 


1261 

5782 
S026 


301030 
3196 

5351 
7496 
9630 


3"7S4 
3867 

5970 

8063 


320146 

2219 
4282 
6336 
8380 


330414 


0257 
2+7S 
4687 
6884 
9071 


«*47 
341* 

5566 
7710 
9*43 


1966 
4078 
6180 
8372 


0354 
2426 
4488 
6541 
8583 


0617 


1488 

3753  I 

6007  I 

8^49 


2699 

4-907 
7104 

9*^9 


1464 
3628 
5781 
79*4 


0056 
2177 
4289 
6390 
8481 


0562 

2633 
4694 

6745 
8787 


0819 


1715 

3979 

6232 

8473 


0702 

292c 

51-7 
7323 

9507 


i6gr 

3844 

599^ 
8137 


o«68 

23S9 

4499 

6599 
8689 


0769 

2839 
4899 

6950 

^99' 


lOM 


9667 


1942 

4*05 

64S6 

S696 


09*5 

3141 

5347 
754» 
97*5 


1898 
4059 

8351 


0481 

2600 
4710 
6809 
8898 


0977 

3046 
5105 

7155 
9*94 


5 


2 1  69 

6681 
8920 


1 147 

3363 
5567 
7761 

9943 


2114 

4»75 
6425 
8564 


0693 
2812 
4920 
7018 
9106 


1 1 84 

3252 
53  »o 

7359 
9398 


14x7 


0123 
1396 

6905 
9143 


1369 

3584 
5787 
7979 


0161 

a33i 

4491 

6639 

8778 


0906 

3023 

S130 
7»»7 

9314 


1391 
3458 

7563 
9601 


1630 


opt 
2622 

4882 

9366 


1^91 
3804 
6007 
8198 


0378 

2547 
4706 


8 


0578 
2849 
5107 

7354 
9589 


1S13 
4025 
6226 
8416 


0595 

2764 
4921 


6854  ( 706S 


8991 


1118 

3^34 
5340 
743' 

9^-22 


1598 
3665 

57»i 
7767 
9805 


1832 


9204 


0806 

3075 
5332 
7578 
9812 


2034 
4246 
6446 
8635 


N. 


0813 

X9S0 
5»36 


9417 


021 1 
2236 


190 
I 
2 

3 
4 

5 

6 


100 
t 


4 

5 
6 

7 
8 

9 
zio 
I 
2 

3 
4 


K. 

I 

2 

3 

4 

S 

6 

7 

8 

9 

19*5 

22*5 

45  "o 

67*  5 

90-0 

T  12-5 

1350 

i8u-o 

202-5 

1934 

224 

44'8 

67-2 

89-6 

1  I2'0 

1344 

156-8 

179-2 

201-6 

1943 

22'3 

44-6 

669 

892 

111-5 

133-8 

1 56-1 

178*4 

200»7 

1952 

22-2 

44'4 

66-6 

88-8 

Ill-O 

133-2 

155-4 

.77-6 

199-8 

1961 

22- 1 

442 

66-3 

83-4 

"OS 

132-6 

154-7 

176-8 

198-9 

1969 

22'0 

44'° 

66-0 

88-0 

I  32'0 

154-0 

176*0 

198*0 

i 

1978 

21*9 

43-8 

657 

876 

109  s 

»S3-3 

175*2 

197-1 

1987 

21 -8 

43-6 

654 

87-2 

1090 

130-8 

152-6 

174*4 

196*2 

1996 

217 

43'4 

65'i 

86-8 

1085 

130-2 

»5>-9 

173*6 

>9S*3 

2005 

2 1 '6 

43-2 

64-? 
645 

864 

io8"o 

129-6 

T51-2 

172-8 

1944 

Z015 

21 -5 

430 

860 

107-5 

129-0 

172-0 

1935 

2024 

21-4 

428 

64*2 

856 

io7'o 

128*4 

149*8 

171-2 

192*6 

2034 

21*3 

42-6 

63-9 

85*2 

1065 

127*8 

149*1 

170-4 

1917 

0 

2043 

2I'« 

4«'4 

636 

84*8 

io6-o 

127-2 

148-4 

169-6 

190-8 

2053 

2I-1 

42-2 

633 

84-4 

105-S 

126*6 

1477 

1688 

,89-9 

2063 

Zl'O 

420 

63^0 

84-0 

105*0 

126-0 

147-0 

t68o 

189-0 

2073 

20-9 

41-8 

62  7 

836 

1045 

125-4 

1463 

167-2 

1881 

2082 

20-8 

41*6 

62*4 

83*2 

104^0 

124-8 

145-6 

166-4 

187-2 

2092 

207 

41-4 

62-1 

82-8' 

103*5 

124-2 

144-9 

165-6 

186-3 

2103 

20-6 

41*2 

61 -8 

824 

103-0 

i23'6 

144-2 

1648 

185-4 

2113 

20-5 

40*0 

6r5 

82-0 

102-5 

123-0 

H3'5 

1 64-c 

184-5 

2123 

20'4 

40*8 

61-2 

8i-6 

102-0 

122-4 

142-8 

1632 

183-6 

»»34 

20-3 

40*6 

6o'9 

8l'2 

tov§ 

121*8 

142*1 

.62-4 

.82-7 

2144 

20-2 

40-4 

606 

80-8 

toi*o 

121*2 

141-4 

161 -6 

i8i*8 

MATHEMATICAL  TABLES. 


|ii5 
6 

7 

8 

9 
zzo 

I 

2 

3 

4 

5 
6 

7 
8 


230 
1 

2 


Na  215  L.  32a.] 


LoOABUHMB  OV  NUMBBBB. 


fETo.  239  L.  380. 


3JH3« 

6460  06' 
l4S« 


340444 

439a 

6353 
8305 


350248 

2183 
4ioii 
6026 

7935 
9835 


36T7S8 

3612 

5488 

7356 

9216 


371068 
29 1 2 
4748 
6577 
8398 


2640 

8656 


0642 

2620 
4589 

6549 
8500 


0442 

2375 
4301 

6217 

8125 


0025 

1917 

3S00 

5675 
754» 

9401 


2842 
4856 
6860 

8855 


3044 

5057 
7060 

9054 


0841 
2817 

4785 

6744 

Sd94 


0636 

2568 

4493 
6408 

8316 


0215 

Z105 

3988 
58^2 

77«9 

9587 


1^53 
3096 

4932 

6759 
8580 


1437 
3280 

6942 

8761 


1039 

3014 
4981 
6939 
8889 


o8z9 

2761 
4685 
6599 
8506 


3246 

5*57 
7260 

9*53 


1237 

32 1 2 
5.78 

7135 
9083 


1023 

2954 
4S76 
6790 
8696 


0593 
2482 

4363 
6236 

8101 

9958 


1806 

3647 
5481 

7306 

9124 


3447 
5458 
7459 
9*51 


'435 

3409 
5374 
7330 

9*7> 


i»i6 

3147 
5068 
6981 

8886 


0783 

1671 

4551 
6423 

8287 


C143 
1091 

3831 

5664 
7488 
9306 


3649 
5658 

7659 
9650 


1632 
3606 
5570 
75*5 
947* 


1410 

3339 
5260 

7172 

9076 


3850 
5859 
7858 

9849 


1830 

3802 
5766 
7720 
9666 


0972 
2859 

4739 
6610 

8473 


0328 
2175 
4015 

5846 
7670 
9487 


1603 

3552 

545^ 
73<J3 
9266 


4051 
6059 

8058 


0047 

2028 

3999 
596ft 

7915 
9860 


i.i6x 

3048 

4926 
6796 
8659 


0513 
2360 
4198 

6029 
7852 
9668 


1796 

3724 

56^3 

75  54 
9456 


1350 

5»i3 

6983 

8845 


4253 
6260 

8a57 


0246 

2225 

4196 
6157 

81 10 


0054 
1989 
3916 

5834 

7744 
9646 


1539 

3424 
5301 

7169 

9030 


C698 
2544 

438* 

6212 

8034 
9849 


0883 

2728 

4565 

6394 
8216 


0030 


6 
7 
8 

9 

220 
I 
2 

3 

4 

5 
6 

7 
8 

9 

230 
I 
2 

3 

4 

5 
6 

7 
8 


N. 

t 

ft 

3 

4 

5 

6 

7 

8 

9 

Z155 

ftO*! 

40*2 

<o'3 

80-4 

ioo'5 

120-6 

1407 

i6o'8 

180-9 

2166 

20-0 

40-0 

6o-o 

8o-o 

ICO'O 

120'0 

140-0 

160-0 

180-0 

2176 

»9"9 

39-8 

597 

79-6 

99"5 

119-4 

1393 

159-2 

1 79- 1 

2187 

19-8 

39-6 

59'4 

792 

990 

ii8-8 

138-6 

158-4 

178-2 

2198 

39'4 

78:8 

985 

n8-2 

i37'9 

157-6 

177-3 

SftIO 

19*6 

39** 

sli 

78-4 

98'o 

ii7'6 

137-2 

156-8 

176-4 

ftftfti 

19  s 

39-0 

585 

78-0 

97-5 

117-0 

I3^'5 

I  i;6-o 

175*5 

19-4 

38-8 

582 

776 

970 

1164 

I35-8 

155-* 

174-6 

2244 

193 

386 

579 

77-» 

96*5 

ti5'8 

135-1 

I54'4 

1737 

22^6 

19^ 

38-4 

57-6 

76-8 

96*0 

tiS*ft 

IJ4*4 

153-6 

172-8 

21. '5  ^ 

i9'i 

38-2 

57-3 

76-4 

955 

1 14*6 

1337 

152-8 

171-9 

2279 

ig'o 

5S0 

570 

760 

950 

1 14*0 

«33«> 

152-0 

171-0 

2291 

18-9 

37-8 

56-7 

75-6 

945 

113*4 

13**3 

151*2 

170-1 

2303 

i8-8 

37-6 

56-4 

75-2 

94-0 

1 12-8 

131-6 

15C-4 

169-2 

ft}  16 

187 

374 

56-i 

74-8 

93  5 

1 12  2 

130-9 

140-6 

168-3 

a3ft8 

186 

37-2 

55-8 

74*4 

93*o 

itl'6 

i3«*a 

1^*8 

167-4 

*34i 

^8-5 

370 

55-5 

74-0 

925 

III*© 

129  5 

1480 

166-5 

2353 

184 

368 

55-2 

736 

920 

I  io'4 

1288 

147-2 

165-6 

2366 

183 

366 

549 

732 

9 1  5 

109-8 

128-1 

146-4 

164-7 

»379 

i3*ft 

364 

546 

728 

91  0 

IC9'2 

127-4 

145-6 

163-8 

2392 

i8'i 

36-2 

543 

72-4 

905 

io8-6 

126*7 

144*8 

162-9 

2406 

180 

36-0 

540 

72  0 

io8-o 

126-0 

144-0 

162*0 

2  4  1  u 

■;  ;  ■  X 

c  ~ 

7  1  6 

1  ;  ;  ; 

H  r  - 

:  ti  1  ■  1 

MATDEBfATICAL  TABLES. 


Ho-  »4o  h.  3I0.] 


LOCAKITUMS  OF  NVMBEBS. 


[No.  269  L.  43  T, 


<^ 

I 

380Z1 I 

1 

2017 

2197 

3815 

3995 

3 

5606 

5785 

4 

739° 

756S 

5 

9166 

9343 

6 

390935 

TlIS 

7 

2697 

2873 

S 

445a 

4627 

g 

610Q 

^'77 

^374 

7940 

81 14 

J 

9674 

9847 

2 

4014C1 

1573 

3 

3121 

3292 

4 

4834 

5005 

5 

6540 

6 

8240 

8410 

7 

9933 

0102 

41 1620 

1788 

9 

3467 

260 

4973 

5140 

1 

6641 

6807 

z 

8301 

8467 

9956 

OI2X 

4 

4»»*04 

5 

3246 

3410 

6 

4882 

7 

6511 

I674 

8 

81 55 

8297 

9 

975^ 

9914 

- 

- 

4 

5 

6 

7 

8 

9 

N. 

0573 

"754 

0934 

I II 5 

1296 

1476 

1056 

1837 

240 

2377 

2557 

2737 

2917 

3°97 

3277 

.^45" 

3636 

4^74 

4353 

4533 

4712 

4*9' 

5070 

5*49 

542  » 

5964 

0142 

6321 

6499 

0077 

Men 

7034 

7112 

5 

774" 

7924 

S  I  01 

5279 

•450 

0O34 

0011 

0999 

4 

9520 

9()9s 

9«75 

0051 

0228 

0405 

0582 

0759 

1 

12S8 

1464 

1641 

1817 

»993 

2169 

2345 

2521 

6 

3048 

3224 

3400 

3575 

375' 

4101 

4277 

4S02 

4977 

5152 

5326 

55"! 

5  7 

5<'5° 

6025 

0 
0 

6548 

6722 

6896 

7071 

7-45 

7419 

7592 

7766 

9 

«2»7 

&401 

ao34 

0000 

»9*>' 

9154 

9328 

9501 

250 

0020 

019s 

0365 

0538 

0711 

0883 

J056 

1228 

I 

1745 

1917 

2089 

^261 

2949 

2 

3  404 

3635 

3807 

3978 

4149 

4320 

44.92 

4003 

3 

5'7^ 

5346 

55*7 

"i 

0199 

0370 

4 

7051 

7221 

739» 

7561 

7731 

7901 

5 

8579 

«749 

9087 

9*57 

9426 

9595 

9704 

V 

0271 

0440 

0609 

0777 

0946 

III4 

S283 

«45» 

7 

1956 

2124 

2293 

2461 

2629 

> 

2796 

2904 

3132 

8 

3W35 

3*03 

397° 

4*37 

A  "JA  C 

43^5 

4+/  ^ 

4806 

9 

53°7 

5474 

5641 

5808 

6141 

6308 

6474 

6973 

7139 

7300 

7472 

7638 

7804 

7970 

8135 

1 

8633 

8798 

89^ 

9129 

9*95 

9460 

9625 

9791 

2 

0286 

0451 

o6t6 

0781 

0945 

mo 

1275 

1439 

3 

1933 

2097 

2261 

2426 

2590 

*754 

2918 

3082 

4 

3574 

3737 

3901 

4065 

4228 

4392 

4555 

4718 

5 

5208 

S37I 

5534 

5697 

5860 

6023 

61^6 

6349 

6 

6836 

6999 

7161 

73*4 

7486 

7648 

7811 

7973 

7 

84^9 

8621 

8783 

8944 

9106 

9268 

9449 

9591 

S 

C07  5 

0236 

039I4 

"^559 

0720 

0881 

1042 

1203 

9 

I 

I 


2 


I 

1 

3 

_4  _ 

5 

(J 

n 

8 

9 

H33 

,7-8 

35^ 

534 

712 

890 

106S 

I  24-6 

142*4 

l6o*2 

«44* 

177 

35*4 

S3« 

70'8 

885 

io6-2 

123-9 

141-6 

i59'3 

2460 

17*6 

35'2 

52'S 

70-4 

88-0 

io<;-6 

123*2 

1408 

158-4 

2474 

17-5 

35-0 

5i-5 

70*0 

87-5 

105-0 

122-5 

140*0 

157*5 

2488 

I7'4 

34-8 

522 

69-6 

87-0 

1044 

121*8 

139*2 

156*6 

2503 

173 

346 

5»'9 

69-2 

86-5 

103-8 

121*1 

138*4 

1557 

»5i7 

172 

34*4 

68-8 

86-0 

iao*4 

137-6 

154-8 

2532 

171 

34-2 

51-3 

68-4 

85-5 

102-6 

119*7 

136-8 

153-9 

1547 

170 

340 

51-0 

680 

85-0 

lO2'0 

119*0 

136*0 

153-0 

2562 

;ti 

33-8 

$07 

67-6 

84-5 

ioi'4 

ii8*3 

135-2 

152*1 

2577 

33*« 

504 

67-2 

84-0 

100*8 

1 17*6 

1 34*4 

I5«*» 

2592 

1 6-7 

33'4 

so-: 

fifrS 

83-5 

100-2 

1 1 6-9 

1336 

150-3 

2608 

166 

33-» 

498 

66'4 

83-0 

99'6 

1 162 

132-8 

149-4 

26«4 

165 

33-0 

49  5 

66-0 

82- 5 

990 

"55 

132*0 

148-5 

264  c 

.6-4 

32-8 

49  2 

656 

82-0 

984 

114*8 

131*2 

147*6 

2656 

,6-3 

326 

48  9 

652 

8i-5 

978 

ii4*i 

130*4 

I4**7 

2672 

I6-2 

3»*4 

48-5 

S 1  0 

972 

I  J3'4 

129-6 

145-8 

2689 

161 

32-2 

483 

644 

80-5 

966 

I12'7 

I2g*S 

1449 

liATHEBIATIGAL  TABLES. 


No.  270  L  431.] 


Logarithms  0?  NuMiiEKS. 


[No.  299  L.  476. 


N. 


270 
I 
2 
3 
4 
5 
6 

7 
8 

9 

X 

2 

3 
4 

5 

6 

7 
8 


15^ 
I 

2 

3 
4 

5 
6 

7 


43 ' 364 
2969 

4569 

6163 

7751 
9333 


440909 

2480 
404s 
5604 

715S? 
8706 


»525 
3130 

4729 

6322 

7909 

949^ 


1685 1  1846 

3290  3450 


450249 
1786 
3318 
4845 
6366 
7882 

939* 


460898 

2398 
3893 

6868 

«347 
9822 


471292 

4216 
567^ 


to66 
2637 
4201 
5760 

7313 
8861 


0403 
1940 

3471 
4997 
6518 

8033 

95+3 


4888 
6481 

S067 
964S 


5048 
6640 

82^26 
9806 


1224 
2793 
4357 
59"  5 
7468 
9015 


0557 

2093 

3624 
5150 
6670 

Si?4 


1381 
2950 

4513 
6071 

7623 
9170 


2007 

3610 
5207 

6799 

8384 

9964 


1538 
3to6 

4669 
6226 

93H 


«i67 

3770 
5367 
6957 
8542 


07 1 1  0865 

2247  I  24C0 

3777  3930 
5302  5454 

6821  6973 


1048 
2548 
4042 

553^ 
7016 
8495 

9969 


1438 
2903 
436^ 
c8i6 


8336 
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1 198  I  1348 

2697 !  2847 

419' ' 

5680 

7164 
1^3 


0116 

3049 
4508 
?o62 


4340 

5829 
7312 
8790 


OS63 
1732 

3195 

+653 
6107 


8487 
9995 


1499 
2997 

4490 
5977 
7460 
8938 


041C 
1878 
3341 
4799 
6^5^ 


0122 
1695 
3263 
4825 
6381 
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9478 
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3930 
5526 
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^553 
4082 
5606 

S638 


0146 
1649 
3146 
4639 
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7608 
9085 


0557 
2025 

3487 
4944 
6397 
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1852 

34'9 
4981 
6537 

8c88 
9633 


1172 
2706 

423s 

5758 
7276 

8789 


0296 
1799 

3296 
4788 
6274 
7756 
9*?3 


2488 

4090 
5685 

7»7$ 

8859 


0437 

2009 

3576 

S»37 
669» 

8242 
9787 


1326 

2859 

4387 

5910 

7428 
8940 


2649 1 2809 

4249  I  4409 


5844 

7433 

9017 


OS94 
2166 
3732 

5*93 
6848 

S397 
9941 


1479 

3012 

4540 
6062 

7579 
9091 


0704 
2171 
3633 

5090 

654^ 


0447 
1948 

3445 
4936 

6423 

7904 

9380 


C851 
2318 

3779 

5^35 


6004 

759« 

9175 


0752 
2323 
3889 

5449 
7003 

855* 


0095 

1633 
3165 
4692 
6214 

7731 
9242 


N. 
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3594 
5085 
6571 
8052 
9527  9675 


0748 

2248 

3744 
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6719 
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2 
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4 
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6 

T 

; 

8 
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I 

ft 

3 

4 

5 
6 

T 

i 

8 

9 
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2 

3 
4 
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39*5  4071 


5381 


6687  i  6832 


1145 
2610 


5526 
6076 


I 

2 

3 
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5 

{ 

7 

""H 

9 

4705 

i6-o 

32*0 

480 

64*0 

80-0 

96-0 

112*0 

128-0 

2722 

150 

31*8 

477 

63*6 

79*5 

954 

111*3 

127-2 

143-1 

4740 

1 5-8 

31*6 

47'4 

79*o 

94-8 

110*6 

126*4 

142-2 

2757 

157 

314 

47'' 

(rv% 

78-5 

94-2 

109-9 

125-6 

i4»-3 

^775 

31*2 

468 

62-4 

78-0 

93-6 

109'z 

1248 

140-4 

2792 

15*5 

31-0 

465 

62*0 

77'5 

930 

io8*5 

124-0 

1395 

2810 

154 

30-? 

46^2 

6t-6 

77-0 

92-4 

107-8 

138-6 

2833 

»5*3 

30*6 

45 '9 

6l'2 

76.5 

9i"S 

i07'i 

122-4 

«377 

2847 

15-2 

304 

45 '6 

6o-8 

76«o 

91*2 

106*4 

121*6 

136*8 

2866 

iS't 

30*2 

45  3 

6o-4. 

75-5 

90-6 

1057 

T20-8 

135-9 

2885 

15-0 

30*0 

450 

600 

750 

90-0 

105-0 

12C-0 

135-0 

2904 

149 

298 

447 

596 

74-5 

89-4 

1043 

1  19-2 

I34*» 

2924 

14-8 

29*6 

44-4 

59* 

74'0 

88-8 

103-6 

1184 

133*2 

147 

294 

44- 1 

58-8 

71*5 

88-2 

102-9 

117*6 

132*3 

2964 

14-6 

29-2 

43-8 

58-4 

730 

87-6 

I02-2 

ii6-8 

131-4 

2984 

145 

29-0 

43'5 

58-0 

72-5 

87'0 

102-5 

1 16-0 

130-5 

3005 

14*4 

28-8 

43'2 

57-6 

72*0 

8<>4 

100*8 

115*2 

129*6 

3026 

14-5 

28-6 

429 

57-2 

7i'5 

85  8 

loo-i 

114-4 

i2Jf-7 

3047 

142 

28-4 

42-6 

568 

7 1  -o 

852 

99"4 

1136 

127-8 

3069 

141 

28'2 

4*1 

564 

7^'5 

846 

987 

112  8 

126*9 

3091 

140 

28*0 

42'0 

56*0 

70-0 

84-0 

98-0 

112*0 

126*0 
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8133 
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9575 
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9863 

I 
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2 

£445 

»73' 

3 

4015 
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4 

5^95 

5579 

5 

6714 

6S5S 

6997 

6 

8147 

Sao  9 

8410 

7 
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8 
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9 

2341 

2481 

2621 
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3737 

3876 

4015 

I 
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5*67 

5406 

2 

651 5 

6653 

679 1 

3 
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8035 

8173 

4 

9*75 

9412 
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5 
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0785 

0922 

6 
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2291 

7 

3382 

_  _  _  0 

3518 

3055 

0 

+743 

4878 

5014 

9 

6099 

6234 

6370 

320 

745> 

7586 

7721 

I 

8799 

8934 

<;o68 

2 

/ 

041 1 

> 

1482 

1616 

2S18 

2951 

3084 

5 

+H9 

4282 

4415 

6 

5476 

5609 

574* 

"? 

6800 

6912 

7064 

8 

8119 

8251 

8382 

9 

9434 

9566 

9697 

330 

0745 

C876 

1CC7 

1 

2053 

2183 

2314 

2 

3356 

3486 

3616 

3 

4656 

4785 

4915 

4 

5951 

6081 

6210 

5 

7243 

7372 

6 

8531 

8660 

I 

9815 

9943 

0072 

8 

1096 

l«35> 

9 

477I2I 
8566 


480007 

»4+3 

2874 

43UU 
5721 

7138 
8551 
9958 


491362 
2760 

4»55 

5544 
6930 
8311 

9687 


SO' 059 
a4»7 

379 » 
5150 
6505 

7856 
92C3 


510545 
1883 

3218 

4548 

5874 
7196 

8514 

9828 


521138 
2444 

3746 

5045 

6339 
7630 

89»7 


0099 

1  ;o2 


7411 

8g5S 
0294 

3159 

45^5 
6005 

7421 
8833 


0239 

1 642 
3040 

4433 

5822 

7206 
8586 

9962 


I 


7700 
9'43 


7«44 

9287 


1333 
2700 
4063 

S4»» 
6776 

,  8126 
93371  947^ 


1269 

1575 

3S76 

517+ 
6469 

7759 
9045 


0090 

1400 
2705 

4006 

5304 
6598 
78S8 
■9'74 


0099 
1470 


5557 
691 1 

8260 

9606 


0520 
1922 

33»9 
4711 

6099 

7483 
8862 


0236 
1607 
2837  4973 
4199 


0947 
2284 
3617 
4946 
6271 
7591 

8909 


9  530200  0328  0456  0584  0712  0840  0968 


4335 
5693 
7046 

8395 
974" 


2062 

3458 
4850 

6238 
7621 

8999 


7989 

943 »_ 
0869 

*30» 

3730 

5153 
6572 

7986 

939^ 

0801 


C353 
1661 
2966 


0009 

1 349 

2684 
401 6 

5344 
6668 
7987 

9171  9303 


0485 
1792 
3096 


4266 .  4396 


5563 
6856 
8145 
9430 


5693 
6985 

8274 
9559 


i 


g 
o 
p- 

o 


N. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

3113 

27*8 

417 

55'6 

f>9"5 

834 

973 

111-2 

125-1 

3'35 

13-8 

27*6 

41-4 

552 

69-0 

828 

96-6 

\  10-4 

124*2 

3158 

>37 

27*4 

41  I 

54-8 

685 

82-2 

959 

T  C9*6 

123-3 

3181 

13-6 

27-2 

408 

5+4 

680 

816 

952 

I22-4 

320? 

»3-5 

27-0 

40-5 

540 

67-5 

8ro 

945 

ic?-o 

I  2  I  ■  ^ 

3  2  2  N 

134 

268 

40*2 

536 

67-0 

804 

93-8 

I  C7'2 

I  20  6 

3»53 

13-3 

266 

399 

53*i 

66-  <; 

79-8 

93-1 

106-4 

119-7 

3»77 

13-2 

26-4 

396 

52-8 

660 

792 

92-4 

1056 

1 1 8-8 

3302 

13-1 

26*2 

393 

5^4 

65-5 

786 

91-7 

104-8 

117-9 

33*7 

13-0 

26*0 

390 

520 

65-0 

780 

910 

X04-0 

1170 

3353 

I2'9 

25*8 

387 

51*6 

64- 5 

77*4 

903 

I03'2 

ii6'i 
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531479 
*754 

4026 

5*94 

6558 

5  7«i9 
9076 


71  5403^9 

^  IS79 

9.  2825 


350 
1 
% 

3 

4^ 

S 
6 

7 
8 

9 

360 
t 
2 

3 

4 

5 
6 

7 

9 

370 
I 

2 

3 

4 


I 


4068 
5307 

6543 

7775 

900) 


550228 
1450 
£668 
3883 
5094 

6303 
7507 
8709 
9907 


561  lOI 
2203 

34*1 

4666 

5848 
7026 

9374 


570543 
1709 

2872 

4031 
518S 

6341 

7492 
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N. 

I 

2 

3 

4 

5 

6 

7 

8 

•  1 

3379 

12-8 

25-6 

384 

Si-z 

640 

76-8 

896 

102-4 

115-2 

3406 

12-7 

»S-4 

38-1 

50-8 

63  s 

76-2 

889 

IOI-6 

1143 

3433 

12*6 

25*2 

37-8 

50-4 

63*0 

75-6 

88-2 

ioo*8 

113*4 

34*0 

125 

25*0 

37*5 

50-0 

62-5 

75"0 

87-5 

loo-o 

1 12-5 

34«8 

12*4 

24*8 

37-* 

49-6 

6z-o 

744 

86-8 

992 

1 1 1-6 

3516 

J2-3 

i4'6 

369 

492 

61  s 

73-8 

861 

9X-4 

I  io'7 

3545 

12*2 

244 

366 

488 

61-0 

73* 

85-4 

976 

109  8 

3574 

12*1 

24*2 

36-3 

60-5 

72*6 

847 

96-8 

9&-0 

108*9 

3604 

12-0 

240 

36-0 

4S-C 

72-0 

840 

io8"o 

3634 

119 

23-8 

357 

47-6  j  59  5 

71  4 

833 

952 

107-1 
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380' 579784 


I 

2 

3 

4 

5 
6 

7 
8 
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I 
2 

3 
4 
S 
6 

7 

8 
9 

4.00 
I 
2 


580925 
2063 

3199 

546: 
6587 
7711 
8832 
9950 


591065 

ai77 
3286 

4395 

549^ 
6597 

7695 

879 » 
9883 


600973 

2060 

3144 
4226 

3i     53^'- 5 
63S1 

7455 

9594 


10 
1 
a 

3 
4 


610660 
I7»3 


3842 
4897 

5950 
7000 


9898 


1C39 
2177 

33»a 

4444 
5574 
6700 
7823 
8944 


C061 

1176 

2288 

3397 
4v3  3 
5606 

6707 

7805 

^900 
999* 


1082 

2169 

3*53 
4334 

54  n 
6489 

7562 

8633 
9701 


0767 
1829 


27S4  2.?90 


3947 
5003 
60SS 
7105 


OOI« 

II53 

Z29I 

34*6 

4557 
5686 
6812 

7935 
9056 


0173 

1287 

*399 

3508 

4614 

57*7 
6817 

7914 
9009 


01  »6 

1267 
2404 

3519 
4670 

5799 
6925 

8047 
9167 


0241  0355 


OIOI 

1 191 

2277 
3361 
4442 

5521 
6596 
7669 
8740 
9808 


0284 

1399 

2510 

3618 
4724 

5827 
69*7 

Sc24 

9119 


0873 
1936 

2996 

4053 
5108 
6160 
7210 


0210 
1299 

2386 
3469 

4550 

562  S 

6704 

7777 
8847 
9914 


0979 
2042 

4»59 
5213 
6265 

7315 


2518 

365* 
4783 

59»» 

70-^7 
8160 
9279 


0396 

15JO 

2621 
3729 
4834 
5937 
7037 
8134 

(jziS  I  9337 


149  s 
2631 

3765 
4896 

6004 

7<49 
8272 

9391 


0507 

1621 

2732 
3840 

4945 
6047 
7146 

S243 


0319 
1408 

2494 

3577 
4658 

5736 
6811 

7884 

OOZI 

1086 
2148 

3207 
4264 

5319 

6370 

742c 


0428 

I5I7 

2603 

3686 
4766 

5S44 

6919 

7991 

906  r 


OLZi 
1 192 
2254 

3313 
437c 
5424 
6476 

75*5 


C469 

1608 

274s 
3879 
5009 
6137 
7262 
8384 
9503 


0619 

173* 

3V5^^ 
5 'J  5  5 
6157 

7256 

5?  3  53 
9446 


0537 
1625 


3419 

4475 

5529 
6581 

7629 


583  0697 


o< 

3992 

5122 
6250 
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8496 

9615 


0730 

1843 

2954 
4061 

6267 
7366 

8462 

9556 


0646 
«734 

2819 
3902 
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6059 

7133 
8205 

9*74 


C341 

1405 
2466 

352s 
4581 

5^' 34 
6686 

7734 


8 


1836 
2972 
4  J  05 

5235 
6362 

74  S  6 

8608 

9726 


0842 

'955 

3064 

4171 

5176 
6377 
7476 

8572 
9665 


0755 
1843 

292S 
4010 
5089 
6166 
7241 
8312 
9381 
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3 

4 

5 

6 

7 

8 

9 

3665 

11-8 

23-6 
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47'2 

70-8 

826 

94"4 

1062 

3696 

II-7 
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35-1 

46-8 

585 

70*2 

819 

gyS 

105-3 

3^27 

11-6 

25'2 

34-8 

464 

58-0 

696 

81  2 

92-8 

1044 

1 

3760 

11.5 

34-5 

46-0 

57-5 

69*0 

805 

92-0 

^03-5 

3792 

11-4 

22-8 

34-2 

45-6 

57-0 

68-4 

79-8 

91-2 

I02'6 

3S26 

22-6 

33'9 

452 

56-5 

678 

79- 1 

90-4 

ioi*7 

i 

3860 

22'4 

336 

44-8 

56*0 

67-2 

78-4 

89  6 

100-8 

i 

3895 

ii'i 

22'2 

33-3 

44*4 

55-5 

66-6 

77'7 

999 

§ 

3930 

1  ro 

220 

330 

440 

55  0 

66-0 

770 

88-0 

990 

1 

3966 

41 '8 

327 

456 

54-5 

65-4 

763 

87*2 

98*1 

4003 

IO-8 

2 1  "6 

32-4 

43'* 

54-0 

648 

75-6 

86-4 

972 

4039 

107 

2I"4 

321 

4«*8 

53-5 

64-2 

74*9 

963 

4077 

IO-6 

21-2 

31-8 

424 

530 

63-6 

74' 2 

84-8 

954 

4116 

so'5 

21-0 

31*5 

5*5 

63  0 

73-5 

84-0 

945 

0447 
1511 

2572 

3630 
4686 

574« 

6790 

7839 


081 1 

1950 
3085 
4218 

5348 

*'475 

7599 
8720 

9838 


0953 

ao66 

3^75 
4282 

5386 

M? 

7586 
8681 

9774 


0864 
1951 

3056 
4118 

5197 
6274 

7348 
8419 
9488 


0554 
1617 
2678 

3736 

479- 

5845 
6895 

7943 
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4 

5 

6 

7 
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31*4 

416 

6z'4 
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4196 
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ao*6 
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72-1 

4237 
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«<y4 

30*6 

408 

Sio 

61*4 

71-4 
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202 
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40-4 

So'5 

606 

707 

1 00 
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40-0 

500 

600 

70-0 

4364 

99 

19'S 

29-7 

396 

49*5 

594 

69.3 

N. 

0 

I 

a 

3 

4 

5 

6  1 

7 

8 

1 

N. 

618048 

8153 

8257 

8362 

8466 

S571  1 

8676 

8780 

8884 

8989 

415 

6 

9093 

9198 

9302 

9406 

951 1 

9615 

9719 

9824 

99^8 

C032 

6 

7 

6zo) 36 

0240 

0344 

0448 

055^ 

0656 

C760 

0864 

0968 

1072 

7 

S 

1176 

1280 

13X4 

1488 

IS9» 

169s 

1799 

1903 

2007 

alio 

8 

9 

1214 

2318 

2421 

2525 

2628 

^732 

2835 

2939 

3042 

3146 

9 

420 

"^240 

3353 

Jf  -J  J  -J 

3456 

3559 

3663 

3766 

3860 

3973 

4076 

4179 

420 

t 

4282 

4385 

4488 

4591 

4^95 

4798 

4901 

SO04 

5107 

5210 

I 

■J. 
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541  5 

55 1  s 

562.1 

57^4 

=;827 

5929 

6032 

6135 

6238 

2 

3 

634.0 

6443 

6546 

6648 

6751 

6853 

6956 

7058 

7161 

7263 

a 

4 

7366 

7468 

7S7« 

7673 

7775 

7878 

7980 

8o8z 

8185 

8287 

4 

5 

8389 

8491 

8593 

8695 

8797 

8900 

9002 

9104 

9206 

9308 

5 

6 

9410 

951a 

9613 

9715 

9^17 

9919 

OOZI 

01 Z3 

0224 

0326 

5 

7 

630428 

0530 

0631 

0733 

0*35 

0936 

1038 

"39 

1 241 

1 342 

7 

8 

«444 

1545 

1647 

1748 

'fe 

1951 

2054 

"S3 

»»55 

Z356 

8 

9 

24S7 

*SS9 

2660 

2761 
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2963 
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3*65 

3206 

3367 

9 

3468 

3^69 

1670 

3771 

3973 

4074 

417s 

4276 

417^ 
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t 

44.77 

4578 

4670 
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4880 

4981 

J 
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5283 
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I 

a 
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5685 

5785 

5886 

5986 

6087 

6187 

6287 

6388 

2 

3 

£488 

6588 

6688 
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6889 

6989 

7089 

7189 

7290 

7390 

3 

4 

7490 

7590 

769c 

7790 
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767'? 

/  744 

781  c 

4 

8239 

03IU 

8781 

8a;  I 

"43  ' 

S66  5 

5 

094'' 

ft  1  CT 

9*57 

02,00 

o?6o 
9309 

6 

0722 

0792 

9863 

0004 

0074 

7 

790285 

0356 

0426 

C496 

0567 

0637 

0707 

0778 

8 

0988 

1059 

1129 

II99 

1269 

1340 

1410 

1480 

9 

I69I 

1761 

183I 

I9OI 

1971 

2041 

aiit 

2I8I 

»39* 

»53» 

2602 

2672 

2742 

2812 

28  82 

1 

3091 

3162 

323T 

3jor 

3371 

3441 

3581 

s 

3790 

3860 

3930 

4000 

4070 

4>19 

4409 

4*79 

3 

4627 

4697 

4767 

4856 

4906 

4976 

4 

5254 

S3»4 

5393 

5463 

553* 

5602 

5672 

S 

6019 

€088 

61 5S 

oas7 

0197 

6366 

6 

«S74 

1144 

6713 

6782 

685* 

% 

7060 

7 

7268 

7337 

7406 

7475 

7545 

7614 

775» 

8 

7960 

8029 

8098 

8167 

8236 

8305 

8374 

8443 

9 

8651 

8720 

8789 

8858 

8927 

8996 

9065  (9134 

[No.  629  L.  799. 
9 


7749 
8490 

92'?0 


0705 

1440 

4175 

2908 

3640 
4371 

5100 

5829 

6556 

7282 
8006 

S730 

94Si 


0173 
0893 

t6l2 

2329 
3046 
3761 
4475 

5187 
5899 
6609 
7319 
8027 
S734 
9440 


0144 

0848 
1550 
2252 

2952 
3651 
4349 

5045 

5741 

6436 
7129 

7811 

9203 


7823 
8564 

<3303_ 

0042 
0778 

1514 
2348 

2981 

37*3 
44H 

5173 

5902 

6629 

7354 
8079! 

8?02 

95  H 
9245 
0965 
1684 
2401 

3"7 
3832 

4546 

5259 

5970 
6680 
7390 

8098 

8804 
9510 


<»i5 
0918 
1620 
2322 

3022 
3721 

44' S 

51 1 5 
5811 
6505 
7198 
7890 
8582 
9272 


9 

610 
I 
2 

3 
4 
5 
6 


I 


N. 

I 

2 

3 

4 

? 

6 

5908 

7'3 

r4'6 

21'9 

29*2 

365 

438 

5990 

7-2 

14-4 

2 1 -6 

28-8 

36'o 

432 

6074 

7-1 

14-2 

21-3 

28-4 

355 

42*6 

6160 

7-0 

14-0 

2I"0 

28-0 

350 

420 

6248 

6*9 

13*8 

Mr/ 

VJ^ 

34'5 

41*4 

Sir 
50-4 

497 


58-4 
57-6 
568 
s6'o 


657 
64-8 
639 
63*0 


MATHOIATICAL  TABIDS. 


(30 


ifo.  630  L.  799.] 


LOQABITBMS  OF  NUMBERS. 


[No.  674  L.  829. 


N. 


I 

ft 

3 
4 

i 

6 
7 

i 

9 

640 
1 

a 

3 

4 
5 
6 

7 
8 

9 

650 

I 

ft 

3 

4 

I 

7 
S 

9 

r 

2 

3 
4 

6 

7 
8 

9 

670 

2 

3 


799341 


800029 
0717 

1404 
2089 
*774 

4139 
4821 

806180 
6858 

7535 

8«ti 

88S6 
956c 


9409 


0098 
0786 

1472 
2158 


947« 


4208 
4889 

5569 

624g 
6^26 
7603 
8279 

8953 
9627 


810233 

0300 

0904 

0971 

>S75 

1642 

**45 

2312 

•913 

2980 

3581 

3648 

4x48 

4314 

4913 

4980 

5578 

5644 

0241 

6308 

6904 

6970 

7565 

7631 

8226 

8292 

8S85 

9544 

9610 

Ssoftot 

0*67  ' 

0858 

0924  : 

1514. 

15791 

2 168 

ft»33 

2822 

2887  1 

3474 

3539 

4ift6 

4191 

4776 

4841 

54»6 

549' 

6075 

6140 

6723 

6787 

7369 

7434 

8015 

8080 

8660 

87x4 

0167 

0854 

1 541 

2226 
2910 

3  594 
4276 

4^57 

5637 

6316 
6994 

?670 
34« 

9021 

9694 


9547 


0236 
0923 

]  609 
2295 

2979 

3662 

4344 

S<»$ 

5705 

6384 
7061 
7738 
84tl^ 

908S 
9762 


9616 


0367 
1039 
1709 
2379 

3047 

3714 
4381 

5046 

57" 
6374 

7C36 

7698 

835S 

9017 

9676 


^^333 
0989 

1645 

2299 

2952 
3605 

4906 
5556 
6204 

68  c:-, 

74'yv 
8144 

8789 1 


0434 
1106 
1776 
2445 

3'i4 
3781 

4447 

5113 
5777 

7102 

7764 
8424 

9083 

9741 


0399 

10S5 
1710 
2364 

3018 
3670 

43*1 

497» 
5621 

6269 

I  7 

7563 
8209 

8853 


0305 
0992 
167S 
2363 
3047 

44ii 

5093 

5773 
6451 
7129 
7806 
8481 
91  <:6 
9829 


9685 


C501 
1173 
1843 
2512 

3181 
3K4S 

45H 

'^179 

5843 
6$o6 

7169 

7830 

8490 

9149 

9807 


0373 
ic6i 

1747 
2432 
31 16 

^-98 

5ifii 
5S41 
6519 

7197 
7873 
8549 
9223 
9896 


0464 
1 120 

1775 
«430 

3083 

3735 
4386 

5036 

5686 

6334 

69S1 

7628 
8273 
8918 


0569 

1 240 
1910 
2579 

3*47 

3914 
45  Si 
5246 

59 10 
6573 

7^35 
7896 

8556 

9215 

9873 


9754 


0442 
1 129 
1815 

2500 
3184 

38f'7 
454S 
5229 


9823 


051 X 

II98 
1884 
2568 
3252 

3935 
4616 

529 


59c!i  I  5976 
6587  6655 


7264 

7941 
8616 

929c 

9964 


0636 
1307 
1977 
2646 

3314 

3981 
4647 

5372 

3976 
6639 
7301 

7062 

862ft 

9281 

9939 


0530 
1186 
1841 
«495 

3H« 

3800 

4451 
5101 

57S» 

6399 
7046, 


0595 

1251 

1906 
^$60 


7332 
8008 
8684 

9358 


0031 
0703 

1374 
2044 
2713 

3381 
4048 
4714 

5375? 
6042 
6705 
7367 
802S 
8688 
9346 


9892 


0004 
0661 

1317 
1972 
2626 

3213  3279 
3865  '  3930 

4516  : 4581 
5166  5231 
5815  5880 

6464 

Till  7175 

7^9*17757  7821 
8338  •  8402  I  8467 
8982  I  9046  I  9IIX 


0580 
1266 
1952 
2637 

33*' 
4003 

4685 

5365 
6044 

6723 
7400 
8076 
8751 
94*5 


0098 
0770 

'44' 
2111 
2780 

3448 
4114 
4780 

5445 
6109 
6771 

7433 
8094 

8754 
941* 


9961 


0648 
»335 

202I 
2705 

33«9 

4071 

4753 
5433 
6112 

6790 

74*7 
8143 
8818 

9492 


0165 
0837 
1508 
2178 
2847 

35'4 
4181 
4847 

55" 
6175 

6838 

7499 
8160 

8820 
9478 


0070 
0727 
1382 
2037 
2691 

3344 
3996 
4646 
5296 
5945 

«593 

7240 

7886 

8  53' 
917519239 


0136 
0792 
1448 
2103 
2756 

3409 
4061 

471 1 

5361 
6010 

7305 

795' 

859? 


1 


«4 

P 


N. 

I 

2 

3 

4 

5 

6 

6340 

68 

13-6 

20-4 

2  72 

340 

408 

6433 

6-7 

13-4 

20*I 

33'5 

40*2 

653c 

6-6 

198 

a6*4 

396 

6630 

65 

130 

'9-5 

26*0 

3  ■ 

TOO 

6733 

6-4 

12-8 

II/'  ? 

7 

8 

476 

544 

469 

S3-6 

46-2 

52-8 

4s-5 

52*0 

61-2 
603 

59*4 

58*5 

r  ^  6 


MATHIHATICAL  TABLES. 


7 

8 

9 

I 
2 

3 

4 

5 

6 

I 

9 

690 


2. 

3 
4 

S 
6 

7 

8 

9 
700 
I 
2 

3 
4 

5 

6 

7 
8 

9 

1710 
I 
« 

3 
4 


829304 
9947 


830589 

t230 

1870 

•509 

3147 
3784 
4421 
5056 
5691 
6324 
6957 

7588 

8219 

8849 
9478 


936? 


840106 

0733 

1359 

1985 

2609 

3^33 
3855 
4477 

5098 

57^8 
6337 

6955 

7573 
8189 

8805 

9419 


850033 
0646 

1870 
2480 

3090 

4306 
49^3 
5519 

67*9 


001 1 
0651 
1294 

1934 

»573 

3211 

4484 
5120 

5754 

63S7 

7020 
76^2 
8282 

8912 
9S4« 


0169 
0796 
1422 

»047 

2072 

3295 
3918 

4539 
5160 

5780 
6399 
7017 
7634 
8251 
8866 
9481 


9432 


0075 
0717 
1358 

1998 

2637 
3275 
39IZ 

4548 
S183 
5817 

6451 
7083 

7715 
8345 

8975 
9604 


0095 
0707 

1320 

193* 

»$♦« 

3150 

3759 
4367 
4974 
5SSo 
6185 


0232 
0859 
1485 

«lJO 

*734 

3357 

3980 
4J601 

5842 
6461 

7079 

7696 

8312 
S928 

954* 


0156 
0769 

1381 
1992 
*6oz 
fill 
3820 
4428 

5034 
5640 

6245 


|H"o.  719  L.  857. 


949"  i  9';6i 


0139 
0781 
X4»2 


0204 

0845 


20fo  ZllO 

*7<4 

3402 

4039 
4<7S 
5310 

594* 

6577 

7210 

7841 

8471 

9101 
9729 


2700 

3338 

3975 
4011 

5*47 

5881 

6514 
7146 

7778 

8408 

9038 
9667 


0294 

0921 

1547 
2172 
2796 
34ao 

S»84 

5904 
6523 
7141 
7758 

8374 

8989 
9604 


^89  I  6850 


0217 
0830 

144a 

^1 

3881 

4488 

5095 
5701 

6306 

691D 


0357 
0984 
1610 
223s 
»8S9 
348* 
4104 
4726 

534fi 

5966 
6585 
7202 
7819 

8435 

9051 

9665 


0279 

0891 

J  503 
2x14 

27H 

3333 
3941 

4549 
S»56 

5761 

6366 
6970 


9625 


0268 
0909 

1  C  CO 
2liS9 

s8s8 

3466 
4103 

4739 

5373 

6007 

604  T 
7273 
7904. 
8534 
9164 
9792 


0420 
1046 
167* 

2297 
2921 

3544 

4106 
4788 

5408 

6028 
6646 
7264 
7881 
8497 
9112 
9726 


0340 
095* 

1564 
2175 
2785 

3394 

4002 

4610 
5216 
5822 
6427 
7031 


16, 


4166 
4802 

5437 
6071 

6704 

7336 
7967 

8597 

9227 

9855 


0482 
1109 

»735 

2360 
2983 
3606 
4229 
4850 

5470 

6090 
6708 
7326 

79+3 
8559 
9174 
9788 


040i 
1014 

1625 
2236 
2B46 

3455 
4063 

4670 

5*77 
5882 

6487 

7091 


7 

8 

9 

If. 

9754 

9818 

9882 

675 

OT06 

A 

V 

1037 

XIO* 

1 166 

7 

1678 

1742 

1806 

8 

2317 

*38i 

2445 

9- 

2956 

3020 

3083 

680 

3593 

3657 

3721 

I 

4230 

4*94 

4357 

% 

4866 

49*9 

4993 

3 

5500 

5564 

5627 

4 

6134 

6197 

6261 

5 

6767 

6830 

6894 

6 

7399 

7462 

75*5 

7 

8030 

8093 

8156 

8 

8060 

8723 

8786 

9 

9289 

935* 

94^5 

690 

9918 

9981 

ftfi^  T 

w  y  X 

T 
I 

z 

II72 

I  ?  T  .1 

T  ■?  0  " 

1797 

4 

2422 

2484 

c 

3046 

3108 

3170 

6 

3669 

3731 

3793 

7 

4291 

4353 

4415 

8 

49IZ 

4974 

5036 

9 

553* 

5594 

5656 

700 

6151 

6213 

6275 

I 

6770 

6832 

6894 

2 

7388 

7449 

75" 

3 

8004 

8066 

8121 

4 

8620 

86gz 

8743 

5 

9235 

9*97 

9358 

6 

9849 

99"  ' 

9972 

7 

0462 

0524 

0585 

8 

1075 

tt%6 

1 197 

9 

1686 

1747 

1809 

710 

2297 

*358, 

2419 

I 

2907 

2968 

3029 

% 

3637 

3 

41^4 

41S5 

4*45 

4 

4731 

479» 

485a 

1 

5337 

539« 

5459 

5943 

6003 

6064 

7 

6548 

6608 

6668 

8 

7152 

7212 

7272 

9 

I. 


6839 
6948 
7061 

I  fr 


I 

2 

3 

4 

5 

6 

7 

8 

9 

6-2 

6-1 

f}-0 

12*6 
12*4 

12-2 

I  Z'C 

18*9 

1 8-6 

i8-3 

I  ft  ■ 

25-2 
24-8 

*4*4 

24*0 

315 
310 

305 

30nO 

37-8 

37-* 
366 
36x> 

44*» 

43 '4 
4*7 
4SV 

50-4 
496 
488 
48'o 

5«T 

55-8 

549 

UATHEHATIGAL  TABLES. 


61 


No.  7*0  Ik  S57.] 


[NOk  764  L.  26  j. 


N. 

0 

2 

7x0 

.857332 

7393 

7453 

7513 

I 

7935 

7995 

8056 

8116 

2 

«537 

8597 

8657 

8718 

3 

9198 

9258 

9318 

4 

9739 

9799 

9859 

9918 

5 

860338 

0398 

0458 

0518 

6 

0937 

1996 

1056 

; :  1  D 

7 

'534 

»594 

1654 

1714 

$ 

21^1 

2191 

g 

&7»8 

2787 

2847 

2<M^ 

730 

3323 

3382 

3442 

3501 

I 

3917 

3977 

4036 

4096 

2 

451 1 

4570 

4630 

4689 

3 

(6^ 

5163 

5222 

5282 

4 

5*9* 

5/55 

5814 

5874 

5 

6346 

6405 

6465 

£ 

0X76 

6937 

0990 

7055 

7 

7467 

7  "44 

8 

8056 

8115 

8174 

8*44 

9 

8644 

8703 

8762 

8Sai 

740 

mi 

9290 

9349 

9408 

I 

9«77 

9935 

9994 

a 

870404 

0462 

0511 

0579 

3 

0989 

1047 

1106 

T164 

4 

1573 

1631 

1690 

1748 

5 

2156 

2215 

2273 

2331 

6 

2797 

*«S5 

a9«3 

7 

J  J** 

3495 

8 

3960 

4018 

4076 

9 

4482 

4540 

459« 

4656 

750 

5001 

5II9 

5177 

5235 

I 

5040 

5096 

5756 

S5'3 

6276 

6391 

3 

6795 

6851 

'■968 

4 

7371 

7429 

74i^7 

7544 

5 

7947 

8004 

806ft 

8119 

6 

8522 

8579 

8637 

8694 

7 

9096 

9»53 

9211 

9268 

8 

9669 

9726 

9784 

9841 

9 

88oa4s 

0299 

0356 

0413 

760 

0814 

0871 

0928 

0985 

1 

1385 

1442 

1499 

»556 

2 

>955 

2012 

2069 

2126 

3 

»5»5 

2581 

2638 

2695 

4 

3093 

3150 

3*07 

3*64 

7574 
8176 
8778 

9379 
9978 


0578 
1 176 

1773 
*37o 

2966 


9466 


0053 
0638 
1223 
1806 
2389 
»972 
3553 
4»34 
+7H 

5193 
5871 

6449 

7026 

7602 
8177 
8752 

93=5 
9898 


0471 

1042 
1613 
2183 
2752 
3321 


95^5 


OIII 

o6f;6 

1251 

1865 
2448 
3030 
3611 
4192 

477» 

535» 

59*9 

6507 

7083 

7659 
8234 
8809 

9383 
9956 


7694 
8297 
8898 


^9  9559 


0098 
0697 
1295 

1893 
2489 

3085 

36S0 
4274 
4867 

5459 
0051 

6642 

7232 

7821 

8409 
8997 

9584 


0528 

1099 
1670 
2240 
2809 

3377 


0170 

-"55 

^339 

1913 
2506 

3088 

3669 

4250 

4*30 

54*9 

59«7 

6564 

7141 
7717 
8292 
8866 
9440 


0013 
0585 

1156 

1727 
2297 
2866 

3434 


0158 
0757 

>35S 

195* 

2543 
3*44 

3739 
4333 
4926 

5519 
6110 

6701 

7291 

7880 

S46S 

9056 

9642 


0228 

0813 

1398 
1981 
2564 
3146 

37=7 

4308 
4888 

54^ 

6045 

6622 
7199 

7774 

8349 

8924 

9497 


0070 
064s 

1213 

17S4 
4354 
2923 

3491 


0218 
0817 

1415 

2012 

2608 
3204 

3799 
439* 
4985 
5578 
6169 
6760 

■735«^ 

7939 

8527 

9114 


21 


01 


0287 

0S72 

^456 
2040 

2622 
3*04 

3785 
4366 

4945 

55*4 

6102 
6680 
7256 

783* 
8407 

89S1 

9555 


0127 

0699 

1271 
1841 
241 1 
2980 
3548 


0278 
0877 

1475 

207s 

2668 
3263 

3858 
445* 
5045 
5637 
6228 
6819 
7409 

7998 

8586 

9173 
9760 1740 


0345 

C930 

1515 
2098 
2681 
3262 
3844 

5<»3 

5582 

6160 
6737 

73H 
7889 
8464 

9039 
9612 


0185 

o7S« 

1328 
1898 
2468 

3037 
3605 


7299 

74*3 
755* 


I 

2 

3 

4 

5 

6 

7 

8 

9 

59 
5-8 
57 

11-8 

it6 
I  (-4 

177 
17-4 

17*1 

23-6 
23*2 

22*8 

29-5 

29'0 

28-5 

35'4 

34-S 
34* 

4«*3 

40-6 

399 

47-2 

464 
456 

531 

52-2 

51J 

62 


MATHEMATICAL  TABLES, 


No.  765  h.  883.] 


LooAsnBiiB  or  NouBKBa. 


pTo.  to9  Ij.  90S. 


N. 

0  • 

I 

1  % 

3 



1 

6 

7 

8 

9 

N* 

765 

883661 

37''' 

Nq4  5 

■  4r.::z 

'  4^ '9 

4115 

4172 

765 

6 

4**9 

4*^5 

4342 

4399 

4435 

4Si2 

45(19 

4625 

4682 

4739 

6 

7 

4795 

4?5i 

4909 

4965 

5022 

5078 

5«3S 

S«9» 

5348 

5305 

7 

8 

5361 

5418 

5474 

553i 

5S«7 
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7454 

75<» 

7 

9 

754" 

7642 

7735 

778* 

7**9 

7''75 

7922 

7909 

e 

9 

8062 

0  i  t^  y 

5150 

8203 

8249 

*343 

«3»9 

8430 

9 

?3° 

S483 

8530 

8576 

8623 

8670 

8716 

8763 

8810 

8856 

8903 

930 

I 

8950 

8996 

9043 

9090 

9136 

9>83 

9229 

9276 

9323 

9369 

I 

2 

9416 

9463 

9509 

9556 

,9602 

9649 

9695 

974* 

9789 

9835 

a 

9882 

9928 

9975 

002  T 

00S8 

01  14 

0161 

0207 

C254 

O3GO 

3 

4 

970347 

0393 

0440 

0486 

0533 

0579 

0626 

0672 

0719 

0765 

4 

5 

081S 

0858 

0904 

0951 

0997 

1044 

1090 

"37 

1183 

1229 

5 

6 

1322 

1369 

141 5 

146 1 

150S 

«554 

j6ot 

1647 

1693 

6 

7 

1740 

1786 

1832 

1879 

1925 

1971 

'2018 

2064 

21 10 

2157 

7 

8 

2203 

2249 

229? 

2342 

2388 

2434 

2481 

2527 

*573 

2619 

8 

9 

2666 

2712 

^758 

2804 

2851 

2897 

2943 

2989 

3035 

3082 

9 

940 

3128 

3174 

3220 

3266 

3313 

3359 

3405 

3451 

3497 

3543 

940 

I 

3590 

3636 

36S2 

37*8 

3774 

3820 

3866 

3913 

3959 

4005 

I 

2 

405' 

4079 

4143 

4189 

4*35 

4281 

4327 

4374 

4420 

4466 

2 

3 

4512 

4558 

4604 

4650 

4696 

474a 

4788 

4834 

4880 

4926 

3 

5064 

5110 

5156 

5202 

5*48 

5*94 

5340 !  5386 

4 

s  2 


I 

2 

3 

4 

9H3 

4-7 

9  "4 

14-1 

1 8-8 

9^79 

4-6 

9-2 

ir8 

1 8-4 

+  5 

1  s  ■  ij 

23-5 

210 


28- 

27- 


3*"9 

72-2 


37-6 

3b'c 


42-3 
41-4 


IfATHBMATIGAL  TABLES. 


No.  945  L.  975.] 


LOOAIUTHIIS  OF  NOMBEBS. 


[So.  989  L.  995. 


N. 

Q 

m 

• 

e 
3 

6 

« 

% 

0 

N. 

945 

975432- 

5478 

55*4 

5570 

501 0 

5662 

5707 

5753 

5799 

5845 

945 

6 

joy  1 

c  0 1  7 

1  J 

612I 

6167 

6212 

62(8 

62CA 

6 

7 

6350 

6396 

6442 

6488 

6533 

6579 

6625 

6671 

6717 

6763 

7 

8 

6808 

M54 

6900 

6946 

6992 

7037 

7083 

7129 

717s 

7220 

8 

9 

7266 

73i« 

7358 

7403 

7449 

7495 

7541 

7586 

7632 

7678 

9 

950 

7724. 

7769 

7801 

7900 

795^ 

7998 

5043 

8O89 

'»»35 

950 

1 

Ol  0  I 

5220 

8272 

«>3^7 

8363 

0409 

8454 

8500 

854b 

8591 

I- 

2 

8037 

e728 

8774 

0919 

9911 

895b 

9002 

9047 

2 

3 

9093 

9158 

9184 

9230 

9*75 

9S*« 

9360 

9412 

9457 

95*3 

3 

4 

9548 

9S94 

9639 

9685 

9730 

9776 

9821 

9867 

9912 

9958 

4 

1 

980003 

0049 

0094 

0140 

0185 

C231 

0276 

0322 

0167 

041 2 

1 

6 

0+58 

0549 

0594 

0^40 

0685 

0730 

0776 

<»2I 

0807 

0 

7 

0012 

•  J 

1048 

loot 

1184 

J  229 

I27< 

1120 

7 

8 

1466 

1411 

I  <OI 

I  CAT 

I  CQ2 

1683 

1728 

1772 

8 

a 

1819 

2000 

2atio 

21 7  c 

2181 

z 

2220 

0 

a»7i 

2316 

2362 

2407 

H5» 

2497 

*543 

2588 

2633 

2678 

I 

1769 

2814 

aS59 

«904 

*949 

2994 

3040 

3085 

3«3« 

I 

% 

J»7S 

3MO 

'3265 

3310 

335« 

3401 

3446 

349 » 

3536 

3581 

2 

3 

3626 

3671 

3716 

3762 

3807 

3852 

3897 

3942 

3987 

4032 

3 

4 

4077 

4122 

4167 

4212 

4*57 

4302 

4347 

4392 

4437 

44^2 

4 

5 

45*7 

457» 

4*«7 

4707 

475* 

4797 

4842 

4887 

493* 

5 

6 

5022 

<o67 

« 1 12 

C I  C7 

5202 

C  2±7 
J  ■'  +  / 

c  7 1 7 

J  J  J  / 

6 

7 

5426 

5471 

5516 

5606 

565* 

5696 

5741 

5786 

5830 

7 

S 

5875 

5920 

5985 

6010 

6055 

6100 

6144 

6189 

6234 

6279 

8 

9 

6324. 

6369 

6413 

6458 

6503 

6548 

6593 

6637 

668» 

6727 

9 

970 

077» 

OB  17 

O80I 

0900 

6951 

0990 

7040 

7085 

7T30 

7175 

970 

I 

7**9 

7>«4 

7309 

7353 

7398 

7443 

7488 

753* 

7577 

7622 

I 

ft 

7000 

771 1 

7756 

_  V  ^ 

7500 

7845 

7890 

7y '4 

"979 

S024 

soos 

3 

ol  13 

»i57 

0202 

8247 

8291 

8330 

0  _  0 . 

8425 

8470 

8514 

4 

4 

8559 

0D04 

8040 

8693 

8737 

0702 

8520 

8871 

8910 

»9vo 

4 

5 

9005 

9049 

9094 

9^3^ 

9J«3 

9227 

9272 

9316 

9361 

9405 

5 

9494- 

9539 

95*3 

G  D  Z 

9672 

9717 

9761 

9^00 

9"  5° 

u 

7 

9895 

9939 

998s 

0028 

0072 

Ol  r7 

O161 

0206 

025c 

0294 

7 

8 

99°339 

04.2S 

C472 

0516 

0561 

0605 

0650 

0694 

0738 

8 

9 

0783 

0827 

0S71 

C9 16 

0960 

1C04 

1049 

1093 

"37 

1182 

9 

980 

1226 

1270 

1315 

1359 

1403 

1448 

1492 

1536 

1580 

1625 

980 

t 

S669 

i7i| 

1758 

i8o» 

1846 

1890 

»935 

1979 

2023 

2067 

I 

X 

2111 

2156 

*200 

2^44 

2288 

^333 

2377 

2421 

24^,5 

2509 

2 

3 

*554 

2598 

2686 

2730 

2774 

2819 

2863 

2907 

2951 

3 

4 

2995 

3039 

30S3 

312.7 

3172 

3216 

3260 

3304 

3348 

339* 

4 

i 

J436 

3480 

35H 

3568 

3613 

3657 

370' 

3745 

3789 

3833 

5 

S«77 

39^1 

3965 

4009 

4053 

4097 

4141 

4185 

4229 

4*73 

6 

7 

4"  I  7 

4^1-05 

4449 

4493 

4537 

4581 

4^2  S 

4669 

4713 

'7 

s 

4S89 

4933 

4977 

5021 

5065 

5108 

5152 

8 

5  ^V'^' 

S3 -8 

537-i 

$416 

5460 

550* 

5547 

559' 

9 

I  i 


9759 
9983 


4-4 
43 


8-8 
8-6 


13-2 

J  2*9 


17-6 
17-2 


5 


22-0 
21s 


■8 


35* 
34'4 


396 
387 


MATHEMATICAL  TABLES. 


No.  990  L.  99f.] 


LooiBumiB  or  NoicBBBa. 


[So.  999  L.  999. 


N. 

1990 

I 

z 

3 

4 

S 
6 

7 
S 


995*35 

6074 

651a 
6949 
7386 
782^ 
8259 
S69S 
9130 

95^5 


5679 

6117 

6993 
7430 

7867 
8303 
8739 
9174 
9609 


57aj 
6161 

6599 

7037 

7474 

7910 

«347 
«78» 

9*1? 
9652 


3 


57*7 

6205 
6643 
7080 
75«7 

795+ 
8390 
8826 
9261 
9696 


5811 

6249 

6687 
7124 
7561 
7998 
8434 
8869 

9105 

9739 


5    f  6 


5854 

6*93 

6731 
7168 
7605 
8041 
8477 
8913 
9348 

9783 


$898 

0337 

6774 

7212 
7648 
8085 
8521 
8956 
9392 
9826 


5942 
6380 
6818 

7*55 
7692 
8129 
8564 
9000 

9435 
9870 


§986 
6424 

6862 
7299 
7736 

8172 
86o3 
9043 

9479 
99»3 


6030 
6468 

6906 

7343 

7779 
8216 

86$2 

9087 

9522 
9957 


N. 


990 

3 
4 

I 

7 
8 

9 


N. 


I  I 

>  % 

3 

4 

■  5 

6 

7 
8 

9 

to 

II 
tx 

>3 
>4 

15 

16 

«7 
18 

«9 

%Q 


Table  II. — ^LOOABlTHIVfS  0?  JiUMBEES  FBOM  I  TO  lOO 


Log. 


O'OOOOOO 

0*301030 

0*477111 

o-6o2o6o 
0698970 

0-  778151 

0*845098 

0*903090 

0954243 

I  -000000 

X04i393 
1^079181 

1-  i  13943 
1*146118 
1-176091 

1-204120 
1-230449 
1-255273 
1-278754 
1-301030 


N.  Log. 


21 

22 
*J 

*4 
*5 
26 

27 

28 

29 
30 

31 
3» 

33 
34 
35 
36 

37 

38 
39 
,40 


'     1    2  .  I  ^ 

■3424.23 
•361728 

•38021 1 
•397940 

•414973 

•431364 
•447158 

•46239S 
•477121 

-491362 
•505150 

•518514 

•531479 
-544068 

-556302 
•568202 

■5797S4 
•591065 
•602060 


41 
4.2 

43 

44 

45 

46 

47 
48 

49 

50 

5» 
5* 

53 
54 
55 

56 

57 

58 

59 
60 


Log. 

N. 

Log. 

N. 

I -6 1 2784 

61 

1-785330 

81 

1*908485 

[-623249 

62 

i*79*395i 

82 

1*913814 

1*633468 

63 

1-799341 

83 

1-919078 

1-643453 

64 

I -806 180 

84 

1-924279 

1-653213 

65 

1-812913 

85 

1-9x9419 

r-662758 

66 

1-819544 

86 

J.934498 

[■672098 

67 

i^826o75 

87 

'•9395»9 

1-681241 

68 

1-832509 

88 

1-944483 

1690 196 

69 

1-838849 

89 

1-949390 

I  698970 

70 

i -84509  8 

90 

1-954243 

1-707570 

71 

1-851258 

9i 

1-9S9041 

[716003 

7* 

1-857332 

92 

1-963788 

1-724276 

73 

1-863323 

93 

1-968483 

1-732394 

74 

1-869232 

94 

« •973**8 

1-740363 

7.5 

1-875061 

95 

1-977724 

1-748188 

76 

1-880814! 

96 

1-9822  71 

'•755875 

77 

1-886491 

97 

1-986772 

1-763428 

78 

1-892095 

98 

1-991226 

[-770852 

79 

1-897627 

99 

1-995635 

1-778151 

80 

1  903090 

100 

a-oooooo 

TABLE  IIL 


Value 
•aio". 

Sign 
in  ist 
Quad. 

Value 
at  90° 

Sign 

in-2iid 
Quad. 

at 
i8o». 

Siga 

in  3rd 
Quad. 

Yalne 

at 

270'. 

Sign 

in  4t]i 

Quad. 

Sin  .... 

0 

+ 

R 

0 

B 

Tan.... 

0 

00 

0 

+ 

CO 

Sec  .... 

R 

00 

R 

CO 

+ 

Verein 

0 

+ 

R 

z  R 

+ 

B 

Cob  .... 

B 

0 

B 

0 

+ 

Oot..^. 

■0 

4- 

0 

00 

+ 

0 

Cosec. 

CO 

f 

R 

oo 

R 

Yalticl 
«t 

360' 


0 

0 
E 
O 
B 

flO 

00 


B  aigiiifles  equal  toxad;  oo  Bignifies  infinite;  Otignifieseranefloeni. 


MATHEMATICAL  TABLES. 


TABLE  rv. — TiWiMTHMTO  Sunk 


o  o 

I 
1 
3 
4- 
5 

7 
g 

o  9 

lO 

II 

12 

i6 
17 
o  18 
19 
20 
21 

22 
23 


26 


26 
29 
30 

31 

^^ 

33 
3+ 
35 
o  36 

^2 
38 

39 

40 

4» 
4* 

43 
44 
45 


6*463726 
764756 
940847 

7-065786 
162696 
241877 
308824 
366816 

7417968 
463725 
505118 

542906 
577668 
609853 
639816 
667845 
*94i73 
7718997 

741477 
704754 

7^5943 
806146 
|s545i 

S43934 
S6i66ft 

«7«695 

7-  895085 
910879 
9261 19 
940842 
955082 
968870 
982233 
995198 

8-  007787 

8-02002I 
O3I919 
043501 
054781 
065776 
076500 
086965 
097183 
107167 
116926 

IX) 


5-  463726 

6-  505119 

785945 
955088 

7-  076510 
171296 
249056 

314984 
3722II 

7*422767 
468047 

509048 
546511 
580996 
6SS944- 

642702 
670550 
6967SO 

7-721403 

744757 
7669x0 

788006 

808 I 15 

8*7335 

845740 
863396 
880362 

7-  89?^^! 
912428 
927614 
942187 
956481 
970225 

983547 
996473 

8*009026 

8-  021225 
033092 

044642 

077558 
087997 
098192 
108153 
117(90 


5-  764756 

6-  54*9°7 
806149 
968876 

7-  086975 
179729 
2561 18 
321058 
377540 

7-4»75i3 
47»3a6 
512943 
550085 
584299 
6160 I 3 
645568 
673239 
699*53 

7-723795 
747025 

7^9075 

790059 

810076 
82921 1 
847538 
865123 
882023 

7-898291 
913970 

929104 
943727 

95787s 

971576 

984857 

997745 

8*010261 

8*022427 
034261 
045781 
057003 
067942 
07861 J 
089028 
099198 
109136 
ii885» 

^8 


•3 


5940847 

6-  577669 
825454 
982240 

7-  C97T94 
188002 
263066 
327049 
382804 

7*432208 
476563 

516804 

553^3- 

587577 
619061 

64841 6 

675912 

701770 

7-726175 
749281 
771220 

831079 
849329 
866843 

883678 

7-  899884 
915508 
930589 
945163 
959264 
972922 
986164 
999013 

8-  011493 

8-023625 
035426 
0469 1 6 
058109 
069021 
079666 
090056 
100203 
110118 
ii98» 


•4 


6-  065786 

609854 

843937 
995*05 

"•T07179 
196x20 
269906 
332958 
388005 

7436853 
480759 
520630 

557>47 
590S30 
622087 

651245 
678568 

704»73 

7-  728542 

7S»S»5 
773354 

794137 

313971 
832939 
851112 
868556 
885326 

7'90i47» 

917039 

932068 

946594 
960650 

974265 

987466 

8*000277 

012722 

8-  024819 
036589 
048048 
039213 
070098 
080716 
091081 
101204 
11 1097 
1*0769 


•5 


6-  162696 

639817 
861666 

7-  007794 
1 16938 
204089 
276639 
33S787 
393145 

7-  441449 

4«49«5 

5*4423 

560635 
594059 
6*5093 
654056 
681208 
70676* 

7*730896 

75375^ 
775477 

796162 

815905 

83479^ 
852888 

870262 
886968 

7*903054 

918566 

933543 
948020 
962031 
975603 
988764 
8*001538 
013947 

8-  02601 1 

037749 

049178 

060314 

071171 
081764 
092104 
102204 
11*074 
1*17*5 

•5 


Log.  OonMN. 


MATHEBCATIOAL  TABLES. 


TabiiB  rV. — hoOABXSm 

HO  Snras. 

•6 

1 

■8 

I  '0 

o  o 

6*241877 

6-308824 

6*300816 

6-417969 

6463726 

89  59 

I 

667S46 

694175 

742480 

764756 

5» 

878699 

895090 

910884 

926124 

940847 

57 

S 

f02lOOZi 

7-03  1928 

7*043510 

7*054791 

7-065786 

5* 

4 

"358*4 

144967 

i539»* 

162696 

55 

1 

Axr9i4 

219601 

227154 

234578 

241877 

54 

6 

280801 

20624  < 

30*575 

308824 

53 

7 

344539 

1  C02 1 7 

1 ; s 820 

3 vOo I  0 

52 

9 

o 

AO  8208 

A.ll'k  16 

o  9 

7-445998 

7'450497 

7-45495a 

7*459361 

7*4637^5 

lO 

48903 1 

.).;31C9 

497749 

501 152 

5051 18 

49 

II 

528183 

5319" 

535607 

542906 

48 

i» 

564096 

567529 

570935 

577668 

»3 

597264. 

600445 

603604 

606740 

609853 

46 

H 

020075 

63x042 

633986 

63691 I 

639816 

45 

IS 

662'i8a 

v.*  •*»  \ 

665122 

667844 

44 

10 

£8?8t2 

686dJ.i 

68(X31A 

69 I 6 I I 

094173 

43 

71 t6o7 
/ 1 1 vy / 

71 AIAA 

7l6t77 

80  A2 

7733237 

7*735566 

773788* 

7'74ois6 

7742477 

41 

755980 

758190 

760389 

762577 

764754 

40 

20 

777591 

779694 

781787 

783870 

785943 

39 

21 

798177 

8CC183 

802180 

804167 

5500146 

38 

22 

817831 

819749 

82x658 

823558 

825451 

37 

23 

836635 

838471 

840300 

842120 

«43934 

36 

24 

8c^6c7 

8?6ATq 

859922 

861662 

35 

*5 

8^1062 

877022 

878O95 

34 

«6 

8a0244 

8nl8c£ 

8q14,7A 

80  14 

o  27 

7*904630 

7-500201 

7*907766 

7*909326 

7*910879 

32 

920087 

921003 

923113 

924619 

926II9 

3» 

39 

9350IS 

936477 

937937 

93939» 

940842 

30 

30 

949442 

950859 

957.271 

953679 

955082 

29 

31 

963407 

964779 

966 147 

96751 I 

905570 

28 

3* 

976937 

978267 

979593 

980915 

-  0 

982233 

2 

33 

990058 

991349 

992636 

^  993919 

995I9S 

26 

34 

«  002795 

0  Cv329'5 

8-006544 

0  .  _  „  0 

6  007787 

as 

35 

0151(8 

016386 

OI760I 

018813 

020021 

89  94 

0  36 

<'o»7i99 

8028384 

8029566 

8-030744 

8*031919 

»3 

37 

038905 

040059 

041209 

042356 

0435^' 

22 

38 

050304 

C51428 

052549 

053666 

054781 

21 

39 

061412 

062507 

063599 

064689 

065776 

20 

40 

07»»4i 

0733" 

074376 

07S439 

076500 

»9 

41 

082809 

083851 

084892 

085929 

086965 

18 

42 

093125 

094143 

095^59 

096172 

097183 

17 

43 

103*01 

104196 

105188 

106179 

107167 

x6 

44 

I 13049 

2I4O2I 

II4992 

115960 

XI 6926 

X5 

4$ 

122678 

223629 

IHS79 

125526 

126471 

89  14 

•4 

•3 

*2 

•1 

•0 

i  

IfAlSEBCATICAL  TABLE& 


TABLB  IT^LooABEimae  Bam. 


♦0 

•I 

*2 

•3 

•4 

•5 

^  45 

8"i  16926 

8*117890 

8-118852 

8'tt98i2 

8*120769 

8*121725 

89  14 

46 

1264.71 

127414 

1283  5 

129294 

130231 

131 166 

13 

47 

135810 

136733 

137654 

138574 

I 39491 

140406 

12 

4« 

■44953 

«45»57 

»4*759 

147659 

148557 

H94S3 

II 

49 

154793 

155676 

156558 

;g«8 

158316 

10 

50 

362681 

163548 

164414 

165279 

166141 

167002 

9 

51 

171280 

172131 

1 72980 

173827 

174673 

175517 

0 

3 

5» 

17971J 

CI  _. 

180547 

181380 

182211 

183041 

183808 

7 

53 

««79»5 

X88803 

189620 

190436 

191250 

192062 

89  0 

0  54 

8'i96io2 

8*196905 

8-197707 

8-198508 

8-199307 

8-200104 

5 

55 

204070 

204859 

205646 

206432 

207217 

208000 

4 

56 

211895 

212670 

*»3443 

214215 

214986 

«575S 

3 

57 

219581 

»xc34s 

221 102 

221861 

222618 

223374 

2 

58 

227134 

227882 

228628 

229374 

Z30118 

230861 

I 

59 

=^34557 

235292 

236026 

236759 

237491 

238221 

89  0 

I  0 

241855 

242578 

*433c>o 

244021 

244741 

a454S9 

59 

I 

»49033 

249744 

»50455 

251164 

251871 

252578 

% 

256094 

456794 

»5749* 

258190 

258887 

259582 

•9  57 

^  3 

8-26. -i- 

8-263731 

8*264419 

8-265105 

8-26579  I 

8-266475 

56 

4 

271236 

271912 

272587 

273260 

55 

5 

276614 

277281 

277948 

278613 

279278 

»7994« 

54 

6 

283243 

283901 

284557 

285213 

285867 

2S6521 

53 

7 

289773 

290421 

291068 

291713 

292358 

293002 

5a 

8 

296207 

296845 

297482 

298118 

298754 

299388 

51 

9 

302546 

303174 

303803 

304430 

305056 

305681 

S° 

10 

308794 

310033 

310651 

3  I  1268 

3  I  I  5»5 

49 

1 1 

314954 

31556? 

316175 

-i6t>4 

3 1 8001 

89  48 

I  12 

8'32I027 

8*321629 

8*322231 

8-322832 

8'3i34-33 

8*324032 

47 

13 

327016 

327611 

328204 

328797 

329389 

329980 

46 

H 

332924 

3335IT 

334096 

334681 

335^- ^'5 

335848 

45 

:2 

338753 

339331 

339909 

340486 

341063 

341638 

44 

344504 

34507s 

345^5 

346215 

34*7*4 

34735* 

43 

350181 

350744 

351307 

351869 

35H30 

352991 

4a 

18 

355783 

356340 

356895 

357450 

358004 

358558 

41 

19 

3613I5 

361864 

3  ;  4 1  ?, 

362961 

36350S 

364054 

40 

10 

366777 

367319 

3f-7:;f>i 

368402 

368943 

3694S2 

88  39 

I  il 

8-372171 

8-372707 

8-37  3-4- 

8-373776 

8-374310 

8-374843 

38 

27. 

377499 

378028 

37S557 

379084 

379612 

380138 

37 

»3 

382762 

3832?? 

383807 

384329 

384850 

385370 

36 

94 

387962 

388479 

38899s 

389510 

390025 

390539 

35 

15 

393101 

393611 

394121 

394631 

395139 

395647 

34 

26 

398179 

398684 

399188 

39969* 

400194 

400696 

33 

27 

403199 

40I69S 

404196 

404694 

405191 

405687 

32 

408161 

408654 

409147 

409639 

410130 

410021 

3» 

29 

413068 

4«355S 

414042 

4'45*9 

415015 

415500 

30 

417919 

418401 

418883 

419364 

419844 

420324 

ro 

•9 

*8 

•7 

•6 

•5 

Log.Comne& 
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TABLE  ly.— LooAinTHMic  Snna 


,r 

7 

to 

o  * 

0  4T 

1 2*678 

8*123629 

8-1X4579 

8125526 

8*126471 

89  14 

46 

1 32099 

133030 

133959 

J  34885 

135810 

»3 

47 

142231 

143140 

144048 

144953 

12 

150348 

151141 

152131 

153020 

153907 

11 

159193 

160067 

160940 

161811 

1 6268 1 

10 

50 

167S61 

T68718 

T 69574 

•70428 

I  71280 

1 

s> 

176359 

177200 

1 78039 

«78»77 

179713 

0 

5* 

154695 

185520 

186343 

107105 

1 

53 

192873 

193683 

1 9449 1 

195297 

1  «j6 102 

0  54 

8201695 

8-2OZ4SS 

8203280 

8204070 

5 

55 

20878Z 

209562 

210341 

2IIII9 

21 1895 

4 

56 

216523 

217289 

218055 

218819 

219581 

3 

57 

224128 

22488  T 

«3^S634 

226384 

227133 

2 

58 

23  1 605 

232343 

233082 

233S2O 

2  34557 

r 

59 

238951 

239679 

240405 

a4»i3» 

241855 

89  0 

I  0 

44^' 7^ 

24009* 

a4«5*i 

»49"33 

CO 

I 

253284 

^  ^  -« ^  9 
2539SX 

2  I 

255395 

z  s  a. 

c8 

z 

260276 

*\  ri       r\  ^ 
200070 

JrV  I  \J\JJi, 

fkl  OA  "3 

88  «7 
00  57 

»  3 

8*»67i58 

8-267841 

8-268522 

8*269202 

8269881 

5« 

4 

273933 

274605 

275275 

»7594-S 

a766i4 

55 

5 

280604 

281265 

281925 

282585 

283243 

54 

287173 

287825 

28S475 
294928 

289125 

289773 

53 

7 

493645 

294287 

295568 

296207 

5* 

8 

30C021 

300654 

301286 

301916 

302546 

5' 

9 

306306 

306929 

307552 

308794 

50 

10 

3 12500 

3I3II5 

313729 

3H34* 

314954 

49 

II 

3 1 sooo 

319214 

3I99I9 

320423 

I  I» 

8*324630 

8*325228 

8325825 

8*326421 

8*327016 

47 

»3 

330571 

331160 

331749 

33*337 

332924 

46 

14 

33643' 

337012 

337593 

338174 

33S753 

45 

15 

342213 

3427S7 
348485 

343360 

343933 

344504 

44 

16 

347919 

349051 

349616 

350180 

43 

17 

$5355« 

354110 

354669 

355226 

355783 

41 

ig 

3^9111 

359663 

360214 

360765 

361315 

4> 

19 

364600 

36514s 

305690 

300234 

366777 

40 

AO 

3700s I 

3705''0 

371095 

371035 

37SI7I 

39 

I  »i 

8-375375 

?-3759C7 

8-376438 

g  376969 

8377499 

38 

%% 

380664 

381190 

381714 

382239 

382762 

%l 

385889 

386409 

386927 

387445 

387962 

36 

14 

391053 

391566 

392078 

392590 

393 loi 

35 

*S 

396'55 

396662 

397168 

397674 

398179 

34 

26 

401198 

401 699 

402200 

402700 

403199 

33 

aj. 

406183 

406679 

407173 

407668 

408161 

32 

411112 

411601 

412091 

4i»579 

413068 

31 

*9 

4159S5 

416469 

416953 

417436 

417919 

30 

30 

420804 

421283 

422762 

422239 

4227 1 7 

88  29 

•4 

•3 

•2 

•I 

•0 

Log.  Codnw* 


MATHEMATICAL  TABLES. 


ODeg. 

TABLE  v.— Log.  Sines, 

Of  Deg. 

e  / 

Sine 

Tang. 

Cotaag. 

See. 

D. 

O  o 
I 
m 

3 

5 

6 

7 
8 

o  9 

lO 

II 

12 

13 

»5 

16 

»7 
o  >8 

19 

>o 

21 
22 

23 
24 

as 

26 

0  27 
«8 

»9 

30 

31 

J* 

33 

34 

35 

0  36 

37 

38 

39 
40 

4» 

42 

43 
44 

45 

0'0OCXX)O 

6- 463726 

7*475* 

940847 

7-  065786 
IM696 
241877 
308824 
366816 

7-417968 
463725 
505118 
542906 
577668 
609853 
639816 
667845 
694173 

7-  718997 
74*477 

764754 

80I14I 

825451 
843934 
861662 
878695 

7895085 
910879 
9261 19 
940842 
955082 
968870 
98x133 
995198 

8-  007787 

8'Oioosi 

031019 

04350" 
054781 
065776 
076500 

086965 
097183 
107167 
116926 

InnTiiTr, 

13-536274 

»35«44 

059153 

"•934214 
»373<4 
758123 
691176 
633184 

12-581052 
536175 

49-'- 
457094 

422332 

39014.7 
360184 

332155 

305827 

IZ-281003 
157543 

235246 
214057 

«93*54 
174549 

T 56066 

138338 
121305 

12-104915 
O89121 
073881 
059158 
0449^8 
031130 
017767 
004802 

11-992213 

"•979979 

968081 

956+99 
945*19 

934224 

923500 

913035 
902817 
892833 

883074 

6-  463726 

76475* 

940847 

7-  065786 
164696 

241878 
308825 
366817 

7-417970 
463727 
5^5120 
542909 
577674 
609857 
639820 
667849 
694179 

7-719003 

7^4|4 
764761 

785951 
806155 

825460 

843944 
861674 
878708 

7-  895099 
910894 
946134 
940858 
955100 
968889 
984453 
995419 

8-  007809 

8'osao45 

031945 

0435*7 
054809 
065806 
076531 
086997 
097217 
107202 
1 16963 

Infinite. 
13-536274 
»35»44 

cc;9T  53 
12-934214 
837304 
75812* 
691175 
633183 

12-582030 
536273 
494880 
457091 
422328 
390143 
360180 

33*>5i 

305821 

12*280997 
457516 

435239 
414049 
193845 

174540 
156056 

138326 
121292 

1 2- 1 04901 
089 106 
073866 
059142 
044900 
03  I  I  I  I 

017747 
004781 

ii'994i9i 

11-979955 

968055 

956473 

9+5«9" 

934194 

943469 

913003 
002783 
894798 

S'?3037 

10*00 

oooo 
OOOO 

oooo 

ocoo 
oooo 
oooo 
coot 

0001 

000  r 

0002 
0002 

0003 
0003 
0004 
0004 

0005 

0005 

0006 
0007 

OC07 
0008 
0009 

0010 
0011 

0011 
0012 

0013 
0014 

0015 

00T7 
0018 
001 9 
0020 
0021 
0023 

0044 

0025 

0027 

00*8 
00*9 

0031 

C032 
0034 
0036 

0037 

0 
0 
0 
0 
0 

2 
2 

2 

2 
2 
2 

2 
2 
2 
2 
2 
2 

2 
2 
4 
4 
4 
2 
2 
4 
3 

10-000000 
oooo 
oooo 

oooo 
oooo 
oooo 
9*999999 
9999 
9999 

9999999 
9998 

9998 

9997 
9997 
9996 
9996 

9995 
9995 
9999994 

9993 

9993 

999* 

999« 

9990 
9989 

9989 

998S 

9999987 
9986 
9985 
9983 

9980 

9979 
9977 

9  99997* 

9975 

9973 
9974 

9971 
9969 
9968 
9966 

99*4 

9963 

60 

57 
56 
55 
54 
53 
89  54 

51 
SO 

47 

46 

45 

44 
89  43 

4* 

4« 

40 

39 
38 

37 
36 

35 

89  34 

33 

33 

31 
30 
29 
48 
47 
26 
89  25 

H 

22 

41 

20 

19 
18 

17 
16 

89  15 

Cosine 

Secant 

1  Cotaog. 

Tang. 

CO0. 

ID. 

Sine 

90  Deg. 

S9i  Deg, 

MATHESCATIGAL  TA6LESL 


Of  Peg. 


TABLE  v.— Log.  vSines,  wk. 


H  Deg. 


Cosec. 


Tang. 


045 
4O 
47 

49 
50 

51 
5^ 
S3 

0  548 
55 

57 
S8 

59 

1  o 

I 


I  3 
4 


7 
g 

9 

to 

IX 

t  t2 

»5 
16 

j8 

lO 

I  21 
22 
23 


8-1 16926 
126471 
135810 

■44953 
153907 

T7128C 

187985 

•I 96 102 
204070 

21  i8y 5 
219581 

234557 
241855 

256094 

8-263042 
269881 


289773 

296207 
302546 

3^*5794 
3H954 
8"3«T027 
327016 
J32924 

338753 

3445<^4 
J50181 

355783 

361315 

366777 

8-372171 

377499 
382762 

241  387962 

»sl  3931011 

•6  39»i79| 

27I  403199 


30 


408161 
413068 
4.17919 


1 1-883074 
873529 
864190 

855047 
846093 
837319 
828720 
820287 
812C15 

11-803898 

795930 

7S81C5 

780419 
772866 

•765443 

758145 

750967 

743906 

11736958 

730"9 

723386 

716757 
710227 

703793 
697454 

691206 

685046 

11*678973 

672984 
667076 
661247 
655496 
649819 
644217 
638685 
633223 

1 1*627819 

622501 
617238 

612038 
606899 
601821 

596801 
591839 
586932 
582081 


81 16963 
1265 10 
135851 

144996 

162727 
171328 
179763 

188036 

8'i96i56 
204126 

-^^953 
21 964.1 

»»7i95 

234621 
241921 

2492031 
256165 

8-263115 
269956 

276691 
283323 
289856 
196292 
302634 
308884 
315046 

327 1 14 
333025 
338856 

344610 
350289 

355895 
361430 

366895 

8-372292 
377622 
382889 

388092 

393234 
39»3»5 

403338 

408304 
413213 
418068 


Cotaug.     Sec  D, 


xo-oo 

'0037 

0039 
0041 

C04.2 
c^44 
004.6 
0048 
0050 
0052 

C054 
0056 
0058 
0060 
0062 
C064 
0066 
0068 

0071 
0073 

730044  0075 


11-883037 

873490 

864149 

•  ?55oo4 
846048 

837273 
828672 

820237 

81 1964 

It -803  844 

795874 
788047 

780359 

77*805 

765379 
758079 
750898 
743835 
11736885 


723309 
716677 
710144 
703708 
697366 
691116 
684954 

ir678878 

672886 
666975 
661  >44 

6cr-^go 
04.9711 
644105 

638570 
633it>5 

11-627708 
622378 
617111 

61 1908 
606766 
601685 

596662 
591696 
586787 

5S1932 


Cosine  j  Secant  1  CotaDg«  |  Tang. 


0078 

0080 

00S2 
0085 
0087 

0090 
C093 

0095 

0098 

OIOI 

OT03 
oic6 
01C9 
0112 
0115 
0118 

0121 
0124 
0127 
0130 
0133 
0136 
0139 
0142 
0146 
OT49 


Cos. 


Coaiue 


9-999963 
9961 

9959 

99  58 
9956 

W54 
995* 
9950 

994S 

y^9946 
0044 
9942 
9940 
993« 
9936 

9934 
9932 

9929 

9999927 

9922 

9918 

9915 

9913 
9910 
9907 

9-999905 
9902 
9899 

9*97 

9894 
9891 

9S88 
9885 
9882 

9-999879 
9876 
9873 
9870 
9867 
9864 
9861 
9858 
9854 
9851 


Sine 


89i  Deg. 


88^  Deg. 


MATHEBIATIGAL  TABW, 


]  ^  Deg. 


TABLE  v.— LcKJ.  SrtfES,  bto. 


2^  Peg> 


31 
Ji 

S3 
S+ 

35 

36 

I  39 

40 

41 

4a 

43 
44 

45 
46 
47 

4S 

49 
SO 

51 

5^- 

S 

54 
SS 

58 

59 
L  o 
I 
a 

3 
4 

5 
6 

7 

8 

9 
10 

II 

12 

15 


417919 

422717 
427462 
43*156 

^.  J  n^uL. 

445941 

450440 
454893 

459301 

463665 

467985 
472263 
476498 

4«o«93 

4JS8963 
493040 

497078 
501080 
505045 

>i2667 

5167*6 

520551 

5^4343 
528102 

531828 

5355*3 

539186 

542819 
54*422 

549995 
553539 
557054 
560540 

563999 

507431 

57cS-;6 

574214 
577566 
580892 

584193 

587469 

590721 
593948 


Cob. 


7996 
7909 
7823 
7740 
7657 
7577 

7499 
7422 
7346 

7273 
7200 

7129 
7060 
6991 
6924 
6859 
6794 
6731 

6669 
6«ol 

6548 

6489 
6432 

6375 

6319 

6164 
62 1 1 

6158 
6106 

6055 

6004 

5955 

5906 

5858 
581 1 

5765 

5719 

5674 
5*'3'-' 
55»7 
5544 
5502 
5460 

5419 
5379 


Cosec.  f  Tang. 


St. 


582081 

577283 

57*538 
567844 
563200 
558606 

554059 
549560 

545107 

540699 

536335 

53*015 

527737 

523502 

5*9307 

515152 
511037 
506960 

502922 
498920 

494955 

491026 

487133 
4*3*74 
479449 
475657 
47189* 
468174 

464477 
4608x4 

457181 

45357* 

450005 

44646 

44*946 

439460 

436001 

43*5«9 

4-9164 

425786 

4**434 
419Z08 

415807 

4i*53« 

409279 

406  c; 


B. 


418068 
422869 
427618 
432315 
436962 
441560 

450613 
455070 

45?4*> 
463849 

4J68172 

47*454 

476693 

5S0892 

585050 
589170 
593250 

597*93 
501298 
505267 
509200 

513098 

5 1 6961 

520790 

Sa4i^< 
5a*349 

532080 
535779 
539447 
543084 
54^1 
550268 

5538'7 
557336 
560828 

564291 
567727 

571137 
574520 

577877 
581208 


5*7795  ^ 


591051 

C  r,  -  7>  7 


8002 

79  H 
782S 

7663 
7583 
7505 
74»* 
735* 

7*79 

7206 

7135 
7066 

6998 
6931 
6865 
6801 
«73« 
6676 
6615 

6555 
6496 

6439 
6382 

63Si6 

6272 

6218 

6165 
6113 
6062 
6012 

5962 
5914 
5866 
5819 

5773 

5727 
5682 

5«3* 

5595 

555* 

5510 


Cot.     Sec.  p.!  Cos. 


44*7 

5387 


See.  Oot 


11- 

581932 

577131 
572382 

Sj7«8 
563038 

55*440 

553890 
5493*7 
544930 

540519 

53615* 
5  3 » 8*8 
527546 
523307 
519108 
514950 
510830 
506750 

502707 
498702 

494733 
490800 

486902 

483039 

479210 

475414 
471651 

467920 
464221 

460553 
456916 

453309 

440183 
44A664 

439172 

435709 

43^73 
428863 

425480 

422123 

418792 

41 5486 

412205 

408949 

405717 


D. 


Tug. 


lO'OO 


0149 

0152 
0156 

0159 

016% 
0166 
0169 

0173 
0x77 

0180 
0184 
0188 
0I9I 

0195 
0199 

0203 
0207 
OSIO 

0214 
0218 
0222 
0226 
0231 

0235 
0239 

0243 
0247 

0252 
0256 
0260 
0265 
0269 
0274 

0278 

0283 

0287 

0292 
0^96 

0301 

0306 
03 II 

0315 

0320 

0325 
0330 

0335 


006. 


IX 


999 
9851 

9841 
9838 

9834 
9831 

9827 

9823 

982c 
9816 
9812 
9809 

9805 
9801 

9797 

9793 
9790 

9786 

9782 

9778 

9774 
9769 

9765 
9761 
9757 
975S 
9748 

9744 
9740 

9735 

973 » 

9726 

9722 
9717 

9713 

9708 

9704 

9699 

9694 
9689 
9685 
9680 
9675 
9670 
9665 


Sine 


VP. 


f  Dog. 


MATBiaKATIGAL  TABLE& 


2 1  Dc^. 


TABLE  V.~Loo.  Sines,  etc. 


3Deg. 


ft  15 

593948 

16 

597152 

»7 

600332 

18 

603489 

6rf.r~  7,, 

20 

21 

612823 

22 

61 <8oi 

*  H 

621962 
624965 

«6 

627948 

27 

630911 

"33*54 

20 

6«6776 

10 
0" 

670680 

2  33 

648274 

34 

65 1 102 

35 

6539 1 1 

36 

050702 

37 

"59475 

38 

662230 

J7 

664968 

40 

667689 

670'lQ^ 

2  4-2 

(■\  pm  jm  /*.  V  jA- 

073050 

43 

675751 

44 

67^405 

45 

681043 

46 

003005 

47 

\y  0  U  ^   1  At 

688863 

69H38 

50 

693998 

2  51 

696543 

5* 

699073 

53 

701589 

54 

704090 

55 

706577 

56 

709049 

57 

711507! 

58 

713952 

59 

716383 

60 

718800 

Coe. 

D. 


CoBCC.  Taag, 


5339 
5300 
5261 
5223 
5186 

5149 
5112 

5076 

5041 

5006 
4972 
4938 

4904 
4871 
4jj| 
4806 

4775 
4743 

471a 

4682 
4652 
462a 
4592 
4563 
4535 
4506 

4479 

4451 
4424 

4397 
4370 

4344 
4318 
4292 
4267 
4242 

4217 
4192 
4168 
4144 
4121 
4097 

4<^74 
4051 
4029 


1  r 

406052 
4^2848 
39966S 
3965 1 1 
393377 

387177 
384109 
381063 

37«o38 

375035 
372052 

369089 

366146 

363224 


8- 

5942.83 

59749* 
600677 

603839 

606978 

610094 

613189 
616*62 

6193 1 3 

622343 
625352 
628340 
631308 
634256 
637184 


360320  640093 
357437  64»9» 
35457*  *45«53 

351726  648704 
348898  651537 
346089  654352 
343298  657149 
340525  659928 
337770  662689 
335032  665433 
332311  668160 
329607  670870 

326920  673563 
324249  676239 

321595  67S900 
318957  681544 
316335  684172 
313728  686784 
3m37  689381 
308562  691963 
306002  694529 

303457  697081 
300927  699617 
29841 I  70x139 
295910  704646 
293423  707140 
290951  709618 
288493  712083 
286048  714534 
283617  716972 
281200  719396 


See. 


Cot 


5347 
5308 

5*70 
5*3* 

5 '94 
5138 
5 1 21 

5050 

5015 
4981 

4947 

49' 3 
4880 

4S48 
4816 
4784 
4753 
4722 
4691 
4661 
4631 
4602 

4573 
4544 
45'7 
4488 

4461 

4434 

44-7 
4380 

435+ 
4328 

4303 

4*77 
4252 

4128 

4*03 

4»79 

4155 
4132 

4108 

4085 

4062 

4040 


1  Cot. 

tSec. 

D. 

C08- 

1 1- 

I0"00 

999 

'       C  1  T  T 

5  7  ^  / 

0335 

8 

8 

8 

9665 

45 

rtl  Art 

0340 

9660 

44 

3993-'3 

*'345 

9655 

43 

T  n  0  I  1 

1303022 

0355 

S 

9650 
9645 

4-1 

389906 

0360 

9 

9640 

38681 1 

0365 

9 

9635 

J  ? 

383738 

037' 

9 

9629 

3« 

380687 

0376 

9 

87 

37 

ii 1^3  1 

0381 

07&6 

9 

9619 

3b 

9 

9614 

3  5 

171660 

9 

9608 

34 

168602 

oj9v 

9 

9603 

33 

36^744 

0^1 

9 

9597 

12 

362816 

0408 

9 

0  ?Q2 

359907 

0414 

9 

9^86 

■^o 

357018 

0419 

9 

9581 

29 

354*47 

0425 

9 
9 

7  J  /  J 

28 

J5'*9" 

9 

9570 

»7 

j4°^"3 

9564 

20 

U442 

9 

iO 

9S58 

25 

1^28  CI 

10 

9553 

340072 

r  J  J 

10 

9547 

23 

3373" 

0459 

I  c 
10 

') '  4  ^ 

1.  1 

334567 

0465 

9535 

21 

331840 

0471 

1  ft 

.95*9 

87 

20 

329130 

0476 

*  V 
10 

95»4 

J 

926a47 

OA82 

10 

9518 

1 0 

J*  J 

oa88 

10 

10 

9512 

17 

3  2  I  1 00 

10 

0500 

I  0 

IC 

9500 

*5 

0  COT 

9493 
9487 

0513 

10 

»3 

310619 

0519 

10 

10 

9481 

12 

308037 

U525 

9475 
■9469 

1 1 

305471 

"53' 

10 

87 

10 

302919 

"537 

9463 

9 

300383 
297861 

0544 

9456 

8 

0550 

9450 

"-1 

/ 

»95354 

0557 

9443 

6 

292860 

0563 

9437 

5 

290382 

0569 

9431 

4 

287917 

0576 

9424 

3 

285466 

0582 

9418 

2 

283028 

0589 

941 1 

I 

280604 

0596 

9404 

87 

»  0 

Ttog. 

Cm 

D. 

Sine 

« 

Dp;:. 


87Deg. 


MATHEMATICAL  TABLES. 


SDeg. 


TABLE  V.-LoG.  Sants,  btc. 


3|  Deg. 


o  / 

Sine 

6 

3  o 

718S0O 

I 

721204. 

2 

723595 

3 

7*597* 

4 

^   1?  ^   r4  ^ 

72S337 

5 

^  ^  ^  1^  <J  0 
73ODOS 

6 

7330*7 

/ 

/35354- 

3  9 

739969 

lO 

74-159 

1 1 

74453^ 

I  z 

740 S02 

749055 

751197 

*S 

753528 

755747 

^7 

757955 

3  i8 

7'k:15l 

»9 

762337 

20 

7645x1 

2  I 

7OOO75 

22 

705820 

«3 

770970 

24 

773101 

25 

775223 

20 

777333 

3  ^•T 

779434 

2S 

781524. 

29 

783605 

30 

785675 

31 

787736 

32 

789787 

33 

791828 

34 

793859 

35 

795881 

1  3^ 

797894 

32 

799«97 

3« 

801892 

39 

803876 

40 

805S52 
S07SX9 

4« 

4* 

809777 

43 

81 1720 

44 

813667 

45 

8^5599 

Cos. 


4006 

3962 

394J 

39'9 
3898 

3877 

3857 
3836 

3816 
37g5 
3776 
3756 

31  ii 
3717 

3698 

3678 

3661 

3^4.2 
36:4 
3606 
3588 
3S70 
3553 

3535 
3518 

3501 

3484 
34^7 
34S> 
3434 
3418 
3402 
3386 
3370 

3354 

3339 

3323 

3308 

3293 
3278 
3263 

3*49 
3*34 
$219 


Cosec 


II* 

28120c 
278796 
276405 
S740S8 

271663 
269312 
266973 
264646 
262333 

260031 

455464 
253198 
250945 
248703 
24647a 

444*53 

242045 

239849 
237663 

135489 
233325 
231172 
229030 
226899 
224777 
222667 

220566 
218476 
216395 
214325 
21Z264 
210Z13 
208 1 72 
206141 
2041 19 

202106 
200103 


Tang. 


719396 
721806 
724204 
726588 
7»«959 
731317 
733663 
735996 

738317 
740626 

745107 

747479 

749740 

751989 
754117 

756453 
758668 

760872 
763065 
765246 

767417 
769578 
771727 
773866 

775995 

778 1 14 

780222 

782320 
784408 
786486 
788554 
790613 
79266^ 

794701 

796731 

798752 
800763 


198108  802765 
1 96 1 24 1  804758 


194148 
192181 
190223 
188274 
186333 
184401 


806742 
808717 
810683 
8 I 2641 
814589 
816529 


4017 

3995 
3974 
395^ 
3930 
3909 
3889 
3868 
3848 

3827 
3807 
3787 
3768 

3749 
3729 

3710 

3692 

3673 

3655 
3636 

3618 
3600 
3583 
3565 
3548 
3531 
3514 

3497 
3480 

3464 
3447 
343 » 
34»5 
3399 
f3«3 
3368 

33 

3337 
3322 

3307 
3292 

3*77 
3262 

3*48 

3»33 


Cot. 


lo-oo 


I  r 

280604 
278194 
275796 
275412 
271041 
268683 
2663  37 
264c C4 
261683 

459374 

257C7S 

254793 
252521 

250260 
24801 I 

245773 

243547 
241332 

239128 

236935 

134754 
232583 

230422 
228273 
226134 
224005 
221886 

219778 
217680 
215592 
213514 

211446 

209387 
207338 
205299 
203269 

3  o  !  J  4.  S 
1  y  •>  i.  3  7  ^ 
1972351  0874 


Sec. 


D.  Cos. 


0596 
0602 

0609 
0616 
0622 
0629 
0636 
0643 
0650 

0657 

0664 
0671 
0678 
0685 
0694 
0699 
0706 
0714 

0721 

0728 

"735 
0743 

0750 

0758 

0765 
0773 
0780 

0788 
0795 
0803 
0811 
0819 
0826 
0834 
0842 
0850 

0858 
0866 


19524* 
193258 

191283 

189317 
187359 
185411 
>8347» 


Cot-  1  D.  [Tang. 


o88z 
0890 

089S 
0906 
0914 
0923 

093 1 


12 
2 

[2 
12 
12 

12 
[2 
12 
IZ 

[2 

[2 
12 
12 

'3 

'3 
'  3 
'3 
'3 

'3 

'3 
'3 


999 

9404 
9398 

9391 

9384 
9378 
9371 
9364 

i  9357 
9350 

9343 

9336 

93*9 
9322 

93«S 

9308 

9301 
9294 
9286 

9*79 

9272 

9265 

9*57 
9250 

9*4* 

9235 

9**7 
9220 

9212 
9205 
9197 
9189 
9181 

9174 
9166 
9158 
9150 

9142 

9134 

9126 

9118 
91 10 

9102 

9094 
9086 
907- 
9069 


D. 


MATHEMATICAL  TABLES. 


H  D.g. 


TABLE  v. — L<Xi.  SiN£8,  etc. 


M  Peg 


Sine 


3  45 
46 

47 
48 

49 

51 
Sa 
53 

54 
5S 
S6 

57 
58 

59 
t  o 
I 


3 

4 

5 
6 

7 
8 

9 

10 
II 

12 

13 

14 

15 
16 

17 
iS 

>9 
ao 

4  21 

2Z 

23 

44 


27 

28 

29 

30 


8- 

815599 
817522 
819436 
8ai343 
823240 
$25130 
827011 
82S884 
830749 

832607 
834456 
836297 
838130 
839956 
84T774 
843585 

845387 

847183 

848971 
850751 
852525 
854391 
856049 
857801 


it. 


3205 

3191 
3177 
3163 
3149 

3135 

3122 

3108 
309s 

3082 
3069 
3056 

3043 

3030 

3017 
3005 
2992 

2980 

2967 

»9SS 

2931 
2919 
2908 


861283 

863014 

864738 
866455 
868165 

869868 
871565 

873^55 

874938 

876615 
878285 

879949 
881607 
883258 
88490 
886542 
888174 
889801 
891421 

S93035 
894643 

Cos. 
Deg. 


28S4 
2873 

2861 
2850 

2839 
2828 
2817 
2806 

2795 
2783 

2773 

2763 
2752 

2742 

2731 
2721 

2711 

2700 

2690 

2680 


Coaec.  Tang. 


II* 

1 84401 
182478 
80564 

78657 
76760 
7487c 
72989 
71116 
69251 

67393 

65544^ 
63703 

61870 


60Q44  840998 


58226 
56415 
54613 

52817 

51029 
49249 
47475 

45709 
43951 
42199 

3S717 
36986 

35262 
33545 

31835 
30132 

28435 

^6745 
25062 

13385 
21715 

20051 
18393 
16742 

15097 

13458 
1 1 826 

10199 

08579 
06965 

05357 


81 6529 
818461 
820384 

822298 
S24205 
826103 
827992 
829874 
831748 

833613 

835471 

837321 

839163 


842825 
844644 
846455 
848260 

850057 
851846 
853628 

855403 
857171 

858932 


D. 


86 


S»9: 
t6o6: 

S62433 

864173 

865906 
867632 
869351 
871064 

872770 
874469 
8761 62 

877849 
879529 

881202 
882869 
884530 

886185 
887833 
889476 

891 r  12 
S92742 

894 -i^- 

895984 
Cot 


3i»9 
3105 

3191 
3177 

3*63 
3150 

3136 

3123 

3108 

3096 

3083 
3070 
3057 

3045 

3032 

3019 
3007 
2995 

2982 
2970 
2958 
2946 

^935 
2923 
291 1 

290c 
2888 

2877 
2866 
2854 

2843 

2832 
2821 
2811 

28CO 
2789 

277! 
276 

2758 
2747 

2737 

1727 

2717 

-707 
2697 


Cot. 


83471 
81539 
79616 

77702 

75795 
73897 
72008 
70126 

68252 

66387 
64529 

162679 
60837 
5900* 
57175 
5535^ 

53545 

51740 

49943 
48154 

4637a 

44597 
42829 

41068 

39314 

37567 

35827 

34094 

32368 

30649 
28936 

27230 
25531 

43838 

22151 

20471 

18798 
17131 

15470 

T3815 
12167 
10524 

108888 

07258 
05634 
04016 

"dT"!  Tang. 


D. 

Cob. 

lO-OO 

9'99 

0939 

14 

9061 

0947 

14 

9053 

0956 

9044 

0964 

H 

903  b 

0973 

14 

9027 

0981 

14 

9019 

0990 

14 

H 

9010 

0998 

9002 

14 

8(M12 

ior6 

8984 

1024 

H 

8976 

>o33 

14 
IS 
»5 

T  e 

8967 

1042 

8958 

1C50 

895- 

1059 

*5 

8941 

1068 

*5 
*5 
15 

8932 

1077 

8923 

1086 

1095 

»5 

8905 

1 104 

'5 

S896 

1113 

1 5 

!5 

8887 

1 122 

8878 

1131 

T  r 

^5 

8S69 

1 140 

8860 

1 149 

'5 
f  5 

T  C 

8851 

"59 

8841 

1168 

'5 

15 

16 

1 6 
16 

8832 

1 177 
It 

8821 
"  J 

1187 

8813 

1196 

8804 

1205 

16 

879s 

1215 

i6 

8785 

1224 

t6 

16 

8776 

1234 

S766 

1243 

16 

8757 

"53 

16 

8747 

1262 

16 

8738 

1272 

16 

872S 

1282 

16 

871S 

1292 

16 

8708 

1 301 

16 

8699 

1311 

16 

8689 

1321 

16 

8679 

1331 

8669 

1341 

8659 

Cofl.  IDJ  Bine 

854  ^eg- 


HATHEUATIOAL  TABLBS, 


4|  Deg. 

TABLE  v.— Loo.  Suns,  Era 

.4  Deg. 

a  f 

Sine 

D.  1 

Coaec. 

Tang. 

D. 

Cot 

Sec. 

D.| 

Cos. 

8* 

If 

8- 

II' 

lo-oo 

999 

A  3° 

«94»4>3 

2670 

z66o 

•959*4 

2687 
2677 
2667 
2658 
2648 
2638 
2629 
2620 

104016 

1 341 

8659 

30 

S96246 

103754 

897596 

102404 

»35i 

»7 
17 

8649 

29 

3^ 

2651 

1C2 158 

899203 

100797 

1301 

/ 

17 

8639 

28 

33 

OnH  AAA 

2641 
2631 
2622 

I  oc  568 

QUO0C3 

099197 

1371 

1 

8029 

27 

34 

9010  S  y 

098983 

Q02tQ8 

097602 

II81 

17 

8610 

26 

097404 

903987 

096013 

IlOh 

17 
»7 

8600 

25 

36 

904169 

261Z 

095831 

905570 

094430 

I4OI 

8599 

»4 

17 

2603 
2593 

094264 

907 147 

092853 

141 1 

J7 

8589 

23 

> 

007207 

092703 

908710 

2610 

091281 

I4Z2 

17 
17 

8578 

85  22 

4  39 

908853 

2584 

2575 
2566 

2556 
2547 
2538 
»5»9 

251s 

»503 

2494 
2486 

2477 
2469 
2460 
2452 
^443 
«43S 
2427 
2419 
a4it 
2403 

2394 
2387 

*379 
2371 
2363 

09 1 147 

9  10285 

2601 

089715 

1432 

21 

40 

9 1 0404 

089590 

91 1840 

2592 
25S3 

»574 

2565 

»547 

2538 

^530 
2521 
2512 
2503 
2495 
24S6 
2478 
2470 
2461 

H53 

2445 

^43  7 
2430 
2421 

H'3 
2405 

2397 

2390 

088154 

X442 

1  y 

8558 

20 

41 

911949 

058051 

913401 

USD599 

1452 

^  7 

8548 

19 

42 

913495 
9 1 5022 

081.Q78 

9»495i 

of  6d.o( 

085049 

o8t$o< 

1463 

/ 

17 

8537 

8<27 
"3*/ 

Is 

44 

0161;  sC 

08^450 

qiSo34 
()io<i68 

c8  iq66 

1484 

17 
18 

8516 

16 

081027 

1404 

18 

18 

8^06 

46 

T 

w  fir 

080409 

Q2IOq6 

078904 

i<o< 

84QC 

14 

4.7 

021101 

078807 

022610 
I'  ? 

077381 

1515 

18 

8c  It 

4  48 

922610 

077390 

924136 

075864 

1526 

18 

18 

18 
18 

8474 

12 

49 

5" 

9241 12 

,  £  ^  _ 
925009 

074391 

925649 
9271 56 

074351 

072844 

^53* 

1547 

9404 

5453 

II 

10 

S» 

927100 

072900 

928058 

071342 
o6a84< 

1558 

0442 

J** 

028^87 

071414 

is6q 

18 

1 

53 

9^50068 

06993Z 

931647 

068353 

1579 

18 

8421 

7 

54 
c  c 

931544 

C68456 

933^34 

066866 

1590 

18 

84TO 

6 

J  J  J  J 

0669 S 5 

034616 

o6«iS4 

I  60  I 

18 

8300 

5 

56 

934481 

065519 

93^93 

063907 

I6IZ 

18 

8388 

85  4 

4  57 

93594* 

064058 

937565 

062435 

10*3 

18 

8377 

3 

93739^ 

062602 

93903Z 

060968 

1634 

18 
18 

S366 

2 

59 

938850 

c6i 1 50 

940494 

059506 

m  C  ^  m 

*3S5 

J 

5  0 

059704 

941952 

058048 

8344 

8  0 

I 

941738 

C5&ZD2. 

94  "-^^-4 

056596 

1667 

■  7 

8333 

59 

z 

943174 

94.fi  ji 

05  514a 

1.  0 

8322 

1 

944606 

055394 

946295 

053705 

1689 

10 

7 

8311 

57 

4 

946034 

053966 

947734 

052266 

I -00 

>9 

8300 

56 

5 

947456 

051544 

949168 

050832 

1711 

»9 

^9 

8289 

H  55 

S  6 
7 

948874 

950287 

^355 
2348 

2340 

2332 

2315 

»3io 

2302 
2295 

o5(i»6 

049713 

950597 
952021 

a  3  74 
2366 

2358 

»35» 

1344 

*33S 
2329 

2321 
4314 

049403 
047979 

1723 
1734 

19 

8277 
8266 

34 

S3 

S 

951696 

048304 

953441 

046559 

1745 

19 

8255 

5» 

9 
10 

953100 
954499 

C46900 
045501 

954«5* 
956267 

045144 

043733 

1757 
1768 

19 
19 

8243 
8232 

51 
50 

II 

955894 

044x06 

957674 

042326 

1780 

19 

8220 

49 

12 

957284 

042716 

959075 

040925 

1791 

19 

8209 

48 

13 
14 

95S6701 

96005Z 

041330 

039948 

960473 

96ig66 

039527 
038134 

1803 

1814 

19 

19 

8197 

8iKn 

46 

J5 

961429 

038571 

963*55 

036745 

1826 

19 

!  8174  184  45 

C04. 

D. 

See. 

Ciot. 

D. 

Taag. 

Cos. 

'  Sine 

0  / 

85^  D^. 

84f  Deg. 

MATHJEMATICAL  TABLES. 


»5 

16 

19' 
zo 
%l 
%% 
*3 
»4 

z6 

*7 
»8 
«9 

30 

31 
3* 

33 
341 
35 
3^ 
37 
38 
39 
40 
4« 
5  4» 
43 
44 


Sina  D. 


5 


47 
48 
49 

50 

51 
S» 

53 
54 

55 

56 

57 
58 
59 
60 


902801 
964170 

9^5534 

966893 
^68*49 
969600 

970947 
97Z2S9 

973628 
974962 
976293 
977619 
978941 
980259 
981573 
982883 
984.189 

985491 
986789 
98S083 

990600 

991943 

993222 

994497 
995768 

997036 
998299 
999560 


O00816 
O02069 
O03318 
O04563 
O05S05 
O07O44 

0095IO 

OI0737 
OII962 
OI3IS2 
0 14400 
OI56I3 
OI6824 
018031 

0'9^35 


Cos,  D. 


2280 
2273 
2266 
2*59 

2252 
Z245 
2238 
2231 

2224 
2217 
2210 
Z203 

2197 
2190 
2183 

2177 
2170 

2163 

*I57 

2150 

Z144 
XI 38 

2125 
2119 
2112 

2106 
2100 
2094 

2088 
2082 
2076 
2070 
2064 
2058 

2052 
2046 

2040 
2034 
2029 

2023 
2017 

20I2 
2006 


TABLE  y.— Loa-  SDfE3,  ETC 
Cot 


Coaec 


03^7» 

037199 

035830 
034466 

033107 
031751 
030400 
029053 
02771 1 

026372 
C25038 
023707 
0Z2381 
021059 
oi974i 

017117 
015811 

014509 
013211: 
011917 
010626 
009340 
00S057 
006778 
005503 
004232 
002964 
001701 
000440 


999184 
997931 
996682 

»9S437 
994195 

892956 

991722 
990490 
989263 
98S038 
9868x8 
885600 
984387 
983176 
981969 
»>0765 


T«Qg. 


8^ 

963255 

964639 
966019 
967394 
968766 
970133 
971496 
97»855 
974209 

975560 

976906 
978248 
9795S6 
980921 
982251 

983577 
984899 
986217 

987532 
988842 
990149 

991451 
992750 

994045 

995337 
996624 

997908 
999188 


8«e. 


O00465 
O01738 
O03007 
004272 

O05534 
O06792 
O08047 

039-98 

010546 
O11790 

013031 

0j4z68 
O15502 
016732 
O17959 

O19183 
O20403 


D. 


2307 
2300 
2293 
2286 
2279 
2271 
2265 
2257 
2251 

2244 

--37 


Cot 


2223 
221 7 
2210 
2204 
2197 
2191 

2184 
»I78 
2171 
2165 
»iS8 

2146 
2140 
2134 

2127 
2121 
2115 
2109 
2103 
2097 
1091 
2085 
2080 

2074 
2068 
2062 
2056 
2051 
M45 
2040 

"33 

2028 


6  Peg. 


036745 

035361 
033981 
032606 
031134 
029S67 
028504 
027145 
025791 

OiAAAO 

033094 
021752 
C20414 
019079 
017749 
01 6423 
015101 
013783 

012468 
OIII58 
009851 

008549 
007250 

005955 
004663 
003376 

002092 

000812 


999535 
99S262 
996993 
995728 
994466 
993208 
991953 
990702 

989454 
988210 
986969 

985732 
984498 
883268 
982041 

980817 

979597 
978380 


D.  (Tang. 


Sec 


1000 


1826 
1837 
1849 
1861 
1872 
1884 
1896 
1908 
i9»o 

1932 

1944 
1956 
1968 
1980 
1992 
2004 
2016 
2028 

2041 
2053 
2065 
207S 
2090 
2103 
21 15 

2728 

2140 

2153 

2165 
2178 

2191 
2203 
221  6 
2229 
2242 

"55 
2268 
2281 
2294 
2307 
2320 

4333 
2346 

*359 

2372 

2386 


Cob. 


19 

19 
19 

20 

20 

20 

20 

20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 

40 

20 


2 
2 
2 
2 
2 
2 

2 

s 

% 

2 

2 
2 
2 
2 
2 

2 
2 
2 

22 

22 

22 

22 
%* 

22 

iT 


Cos, 

9*99 

8174 

*rj 

8163 

8151 

43 

8139 

4» 

8128 

4« 

91  lU 

¥> 

39 

38 

84 

37 

8068 

8056 

%t 
33 

8044 

34 

8032 

33 

8020 

3^ 

OOOo 

31 

;  y  J  " 

30 

29 

7972 

84 

28 

7959 

27 

7947 

26 

7935 

as 

7924 

*4 

7910 

23 

22 

788  c 

/OO) 

21 

7872 

ao 

y  Ouv 

84 

19 

7847 

18 

7235 

IT 

7822 

11 

7809 

1 5 

7797 

H 

7784 

«3 

7771 
7758 

12 

84 

11 

7745 

10 

773* 

9 

7719 

8 

7706 
7693 

7 

6 

7680 

5 

7667 

4 

7654 

3 

7641 

* 

76*9 

1 

7614 

84 

0 

Sine 

0 

/ 

84Deg. 


MATHEMATICAL  TABLES. 


6  Deg. 


TABLE  v.— Log.  Sihbs,  vra. 


6f  Dag. 


Sine 

e  o 

019235 

020435} 

z 

0Z163Z 

3 

02401 6 

1 

025203 

I 

0*7567 

s 

028744 

6  9 

029918 

lO 

031089 

1 « 

03**57! 

T  *9 
X  * 

033421 

034582 

'4 

095741 

J5 

030590 

O30O4A 

»7 

039197 

6  i8 

040342 

19 

041485 

so 

042625 

2  1 

043762 

'» 

044895 

23 

046026 

24 

0471541 

048279' 

20 

049400 

6  »7 

050519 

05163s 

29 

052749 

30 

053859 

31 

054966 

3^ 

056071 

33 

057172 

3^ 

058271 

35 

059367 

6  3<^ 

060460 

37 

061551 

38 

062639 

39 

0^3724 

4.0 

064806 

4» 

065885 

4» 

0669^ 

43 

068036 

44 

069107 

45 

07017* 

O08. 

84  Deg. 


2000 

995 
989 
984 

978 

973 
967 
962 
957 

951 

946 

941 
936 

930 
9*5 
920 

915 
910 

905 

899 

895 
889 

884 

879 
87s 
870 
865 

860 

855 
850 

845 

841 

836 

S3 1 
827 

822 

S17 
813 

808 
804 

799 
794 
790 
786 
781 


Cosec. 


10* 

980765 
979565 
978368 

977175 

975984 

974797 
973614 

97*433 
971*56 
9700S2 
968911 

967743 

966579 

965418 
964259 
963104 
961952 
960803 

959658 
958515 

957375 
956238 

955105 
953974 
952846 
951721 
950600 

949481 
948365 

947251 
946 14 1 
945034 

9439*9 

942828 

941729 
940633 

939540 

93S449 
937361 
936276 

935»94 

93411 

933038 

931964 

930893 

929824 


See. 


Tang. 

91 
021620 
022834 
024044 
025251 
026455 

0*7655 

028852 

030046 
031237 
032^5 

033609 
034791 

035969 
037141 
038316 

039485 
040651 
041813 

042973 
C441 30 
045284 
046434] 

04758*1 
048727, 
049869 
051008 
052144 

053277 
054407 

055535 
056659 

057781 

058900 
060016 
061130 
062240 

063348 

0^4453 

065556 

066655 

067752 
068846 
069938 
071027 
072113 

073^97 
Cot 


D. 


Cot.  Sec. 


978po 

977166 
975956 


2023 
2017 

201  I  i 

2006  974749 

973545 

974345 

97 1 14^ 


20CO 

995 

990 

985 
979 

^974 

969 

964 

958 

953 
948 

943 
938 

933 

928 

9^3 
91S 
913 
908 
903 
898 

HI 

884 


969954 
968763 

967575 

966391 

965209 
964031 
962856  2561 
961684'  2575 

96c I  - 

959349 
958187 


IC'OC 

2386 

^399 
2412 
2426 
2439 
2453 
2466 
2480 
H93 
2507 
2520 

^534 
2548 


957027 
955870 
9547^6 
953566 
952418 
951273 
950131 

94899» 
947»5^ 

946723 

1945593 
^ '944465 

943341 
942219 

941 1  or- 
939984:  2  S44 
938870  2859 

937760I  2873 

936652  2SS8 

935547  2902 
934444  2917 

91334S  *93* 


874 
870 

865 

85o 

855 
851 

846 

842 
837 
833 
828 
824 
819 
815 
810 
806 

"5" 


589 
2603 
2617 

2631 
2645 
2659 
2673 
2687 
2701 

*7i5 
2729 

*743 
2758 
2772 
2786 
2801 
2815 


D.  Cos. 


22 


9-99 

7614 
7601 

::  7588 

7574 
7561 

7547 
7534 
75*0 
7507 

7493 

7480 

7466 

745* 

7439 

74*5 
741 1 

7397 
73«3 

73^9 

7355 

7341 

7327' 
7313 
7*99 
7*85 
7271 

7*57 


932248  2947 


93"S4 
930062 

9*8973 
927887 

926803 
ITang. 


2961 
2976 

2991 
3006 
3021 

Cos. 


22 
22 

22 

*3 

*3 

23 

23 
2^3 
*3 
*3 
*3 
23 

*3 
23 

23 
23 

23 

23 
24 
24 
*4 

^4 

24 

24 

24 
24 
24 
24 

24 
24 
24 

«4 
*4 

*4 
24 

*5 

*5 
*5 
»5 
«5 
*5 
*5 


7*4* 
7228 

7214 

7199 
7185 
7170 
7156 
7141 
7127 

7112 
7098 
7083 

7068 

7053 

7039 
7024 

7009 

6994 

6979 


D.  Siiw 


83  j  Deg. 


^UTEEMATICAL  TABLES. 


6f  Deg. 


TABLE  v.— Loo.  Sana,  sia 


Q  * 

Sine 

6  45 

070176 

46 

071 242 

47 

072306 

4« 

073366 

49 

i"^^  it  J  il 

0744*4 

078631 

6  54 

*l 

080719 

5* 

O817S9 

57 

082797 

5* 

^  0  ^  0  A  A 
083532 

59 

I 

086922 

o«7947 

7  3 

088970 

4 

089990 

5 

091008 

6 

092024 

7 

093037 

g 

0Q4O4.'7 

y 

oococ6 

10 

096062 

1 1 

00706 c 

7 

098066 

13 

099065 

16 

100062 
IOI056 

I0204S 

17 

103037 

18 

104025 

»9 

I05OIO 

»o 

105992 

7  SI 

106973 

1079 5 I 

23 

10S927 

24 

1 09901 

2-5 

1 10873 

26 

111842 

»7 

11*809 

2S 

113774 

29 

114737 
'  1 1 5698 

30 

777 
772 

76? 

763 

759 

755 

75'^ 
746 

742 

738 

733 
729 
725 
721 
717 

713 
709 

704 

700 
696 
69Z 
68S 
684 
6S0 
676 
673 
668 

665 
66 1 
657 
653 

1649 
645 

642 

638 

634 
630 
627 
623 
619 
616 
6iz 
608 
605 
601 


Cosec. 


D. 


lO* 

9^9824 

928758' 

927694 

926634 

925576 

92452c 

923467 
922417 

9*1369 

920324 

9:9281 
9 1 8241 
917203 
916168 
915136 
914106 
913078 
9ISO53 

9T1030 

9 1  CO  I  o 

90899 
907976 

906963 

905953 
904944 

902935 

901934 
90C935 
899938 
898944 
897952 
896963 
«9S975 
8949901 
894008^ 

893027 
892049 

891073 
890099 

889127 
888158 
887191 
886226 
885263 
884302 


073197 
C74278 
075356 
076432 
077505 
078576 
079644 
080710 
081773 

082833 
083891 
084947 

,086000 
087050 
088098 
089144 
090187 
091228 

092266 
093302' 
094336 
095367 
096395 
097422 
098446 
099468 

T  00487 

10  I  504 
IO2519 
103532 
104542 
105550 
106556 
107559 
108560 
IC9559 

I 10556 
111551 

I 14543 

"3533 

1 14521 

"5507 
116491 
1 1 7472 
I I 8452 
I 19429 


D. 


Sec.  I  Cot 


802 

797 

793 
789 
784 

780 
776 

77a 

763  9"r*^ 


59 

755 

751 

747 

743 

738 

735 
731 

727 

722 
719 

715 

711 

707 
703 
699 
69s 

69, 
687 
684 
680 
676 
672 
669 
665 
661 

658 
654 
650 
647 
643 
639 

636 
632 

629 


Cot 


to* 

926803 

925722 

924644 

923568 

922495 
921424 

920356 
919290 
918227 


916109 
915053 
9140C0 
912950 
911902 
910856 
909813 
908772 

907734 
906698 
905664 
904633 
903605 
902578 
901554 
900532 
899513 

898496 
897481 

89646S 
895458 
894450 
893444 
892441 
89 1440 
890441 

889444 
888449 
887457 
886467 
885479 
884493 
883509 
882528 
881548 
880571 

Tang. 


lO'OO 


3021 

3036 

3051 

3c66 
3081 
3096 
3111 
3126 
3141 

3157 

3»72 
3188 

3203 

3^34 

324.9 

3265 
3280 

3296 
3314 
33*7 

33+3 

3359 

3375 
3390 

3406 
34»» 

343« 
3454 

3470 
3486 

35<^2 
35 1 S 

3535 
3551 
3567 

3583 
3600 
3616 
3632 

3649 
3665 

3682 

369S 

3715 
3731 


25 
*5 

25 
^5 
*5 
*5 

as 

25 

25 

as 

26 

26 
26 
26 
26 
26 
*6 

26 
26 
26 
26 
26 
26 
26 
26 
27 
27 
27 

-  / 
27 

*7 

»7 

27 

^7 
127 

27 

*7 
27 
27 
»7 
27 

27 

28 
28 


Cos. 


D. 


Cos. 

999 

6979 
6964 
6949 

6934 

6919 

6904 
6889 
6874 
6858 

6843 

6828 
68is 

6797 
6782 
6766 

^751  Isa  o 
6735 

6720 

6704 

6688 
6673 

6641 

6625 

6610 

$594 
6578 

6^62 


6546 
6530 
6514 
6498 
6482 
6465 
6449 
6433 

6417 
6400 
6384 
6368 
6351 

6335 
6318 

6302 

6285 


Sine 


15 

14 

i3 
12 

1 1 

10 

9 
8 

83  7 
6 

5 
4 

a 
1 


59 
82  58 

57 
56 
55 
54 

53 
5* 
$» 

82  49 

48 


47 
46 

45 
44 
43 
4* 

41 

82  40 

39 
3» 

37 
36 
35 
34 
33 
3a 
31 


6269  8A  30 


8*^ 


Deg. 


saj  Peg. . 


MATHEMATICAL  TABLES. 


74  Deg. 


TABLE  v.— Loo.  Sines,  bic. 


8i  Deg. 


o  / 


7  30 

31 
3» 

33 

34 

35 
36 

37 

38 

7  39 

40 

4a 

43 
44 

45 
+6 

47 

7  48 
49 
SO 
51 
5a 
53 
54 
55 
56 

7  57 
59 

a  o 

1 
2 

3 
4 
5 
6 

7 
8 

9 
to 
II 

IS 

13 
14 
15 


Sine 


£ 
15698 

16656 

17613 

18567 

mis 

41417 

14362 

23306 

24.248 
25187 
26125 
37060 
47993 
«8o»5 
39854 
307' 
31706 

3263c 

3355 
34470 

35387 
36303 
37»i6 
38128 
39037 
39944 
40850 

H»7S4 
4»fi55 

43-55 
44453 
45349 
46*43 
4713! 
:48os6 

4«9»5 
49802 

50686 

151569 

SH5' 

53330 

54108 

55083 
55957 
56830 


597 
594 
590 

587 

5«3 

580 

576 

573 
569 

566 
562 
559 
556 
55* 
549 
545 
542 

539 

535 
53» 

529 

5»S 
5»* 

512 
509 
506 

503 
500 
496 

493 
490 

487 

484 

481 

478 

475 
472 

466 

463 

460 
457 
454 


Coaec 


Tang. 


lO* 

8 843c 2 

883344 
882387 
881433 
880481 

879531 

878583 

877638 

876694) 

875754 
874813 

873875 
87*940 

871007 

871075 

870146 
869219 
868294 

867370 
866449 
865530 
E  6461 3 
863697 
I6»^ 
861872 
860963 
860056 

85915c 

858246 

857345 
856445 

855547 
«54fi5> 

853757 

852864 

851974 

851085 
850198 
849314 

848431 

«47549 

846670 

845792 
844917 
844043 
«43'7o 


D.  8e«. 


D. 


Cot 


19449 
20404 
41377 

--748 

23317 
24284 
45249 
26211 
»7i7» 

28130 

29087 
30041' 
30994I 

31944 
3*893 
33839 
34784 
35726 

36667 
37605 
38542 
39476 

41340 

42269 

43196 
44I2I 

45044 
45966 
46885 
478OJ 
1487 18 
49632 

50544 

5i4$« 

52363I 

53269 

54174 

55077 

5*877 

S777S 
58671 

59365 
60457 
61347 


Cot 


1625 
1622 
1618 
1615 
1611 
1608 
1604 
160X 
1597 

1594 
1591 
1587 

1S84 
1581 

1577 
1574 
1571 

1567 

A  564 
1561 

1558 

^555 
"55« 

1548 

'545 
1542 

1539 

'535 
1532 

1549 
1526 
1523 
1520 
1517 
»5H 
1511 
1508 
1505 
1502 

»49? 
1496 

1493 

1490 

1487 
1484 


Sec.  D 


879596 
878623 
877654 
876683 
875716 
874751 

8737*9 

872828 

871870 
870913 
869959 
869006 
868056 
867107 
866161 
865216 
864274 

«633S$ 

862395 

861458 
860524 


3731 
3748 
3765 
3781 

3798 
3815 

3832 

3849 

3866 

3883 
3900 
3917 

3934 

3951 
3968 

3985 

400a 

4020 

4037 
4054 

4072 

4089 

85959*  4»o6 
8586«o  4124 


0. 


85773' 
856804 

855879 
854956 


854034  4212 


853115 
852197 
851282 
850368 
849456 

84546 

847637 

846731 
845826 
844943 
844022 
843143 
842225 
841329 
840435 

839543 
838653 


4141 

4159 
4177 
4194 


4229 

4H7 

4*65 
4283 
4301 

4319 

4336 

4354 
437* 

4390 
4409 
4417 

4445 
4463 

448 » 
4499 
4518 


Cos. 


9*99 


Taiig.1  Ota.  W.  Sine 


6269 
6s5S 
«»35 

6219 
I  6202 
6185 
6168 
6151 
6134 

6117 
6130 
6083 
6066 
6049 
6032 
6015 

5998 
5980 

5963 
5946 

5928 
59  H 
5894 
5876 
5859 
5841 
58*3 
5806 
5788 
577X 
5753 
5735 
57'7 
5699 
5681 
5664 

5610 

5591 
5573 
5555 


28 

28 
28 
28 
28 
28 
28 
x&< 
28 

28 
28 
29 
29 
29 
29 
29 
29 
29 

29 
29 

29 
29 
29 
29 
29 
29 
29 

29 
29 
29 
30 

50 
30 

30 

30 
30 


30 

30 
3^1 
3" 
30 
30 

30 
3» 


5537 
5519 
5S01 

548» 


50 

:i 

4' 
46 

45 


81|  Deg. 


UATHEUATICAL  TABLES. 


bi  Deg. 


Table  v.—loq  Sutes,  etc. 


9  Deg 


O  ' 

Sine 

8  15 

9' 

16 

I C7700 

17 

18 

I 60301 

20 

I6II64 

21 

162025 

22 

162885 

23 

163743 

0  24 

1 6  C  A  C  A 

«6 

1  w  jwy 

T  ^ T  T  f A 

2ii 

i63oo8 

29 

168856 

30 

1 69702 

31 

170547 

3^ 

171 3S9 

a  33 

JO 

34 

li 

1/39'''* 

*  74744 

17 

I764I T 

39 

177242 

178072 

41 

I789CO 

8  42 

AT 

1 80  <;  i;  1 

TT 

4.C 
•r  J 

182196 

I  R  ^  0 1 6 

iSt834 

• 

184651 

49 

185466 

50 

i86z8o 

8  S' 

187092 

5» 

187903 

53 

188712 

54 

189519 

55 

56 

191 130 

57 

191933 

5« 

192734 

59 

193534 

60 

T94332 

Cob. 

D. 


451 

448 

445 

44* 

439 
436 

433 
430 

427 

4^4 
422 

419 
416 

413 
410 
407 
1405 
4M 

399 
396 
394 

391 

388 

3S3 
380 

377 

374 
372 

369 
366 

364 
361 

359 

356 

353 

3*! 

346 

343 

34  ^ 

338 
336 

1333 
1330 


10' 
8+3170 

84»30o 

841431 

840565 

839699 
838836 

837975 

837'i5 
836257 

8  3  5400 
834546 

833^93 
83»84i 
831992 
831144 
830298 

8*9453 
8ft86ii 

827770 
826930 
826092 
825256 
8244^2 
823589 
822758 
821928 
821100 

820274 
819449 
818626 
817804 
816984 
816166 

815349 

814534 
8 1 372c 

812908 
812097 
811288 
810481 
809675 
808870 
808067 
807266 
8c^66 
805668 


See. 


9^ 

62236 
63123 
64008 
64892 
65774 
66654 
67532 
68409 

89284 

70157 
71029 

71899 
72767 

73634 

74499 
75362 

7fe»4 

77084 
77942 
78799 

79655 
80508 
81360 
8221 1 
83059 
83907 

84752 

85597 
86439 
87280 

88120 
88958 

89794 

90629 
91462 

92294 
93124 

93953 
94780 

95606 

96430 

97*53 

98074 
98S94 

99713 

Cot. 


1>. 


481 

479 
476 

473 
470 

467 
464 
461 
458 

455 

453 
450 
447 

444 
442 

439 
436 

433 

431 
428 

425 

4*3 
420 

417 

4»5 
412 

409 

404 
402 

399 
396 

393 

39  ■ 

389 

386 

384 
381 

379 
376 
374 
371 

369 

366 

364 


Cot. 


lO* 

831653 
837764 
836877 

835992 
835108 


4518 
4536 

4554 

4573 

834200  4610 


833^1^ 
83246s 

831591 
8307 1 6 

829843 
828971 
828101 
827233 
826366 
825501 
824638 
813776 

822916 
822058 
821201 
820345 
819492 
818640 
817789 
8 1 6941 
816093 

815248 
814403 
813561 
812720 

811880 
1 1 042 
810206 
809371 
808538 

807706 
806876 
806047 
805220 
804394 
803570 
8o»747 
801926 
801 106 
800287 


Sec. 


lo-oo 


4047 
4666 

4684 
4703 
4722 
4740 

4759 

4797 
4816 

4835 

4854 

4873 
4892 

4911 

4930 

4949 
4968 

4987 

5007 

5026 

5045 
5065 
5084 
5104 
5123 

514s 

5162 

5182 

5202 
5221 
5241 
5261 
5281 
5300 
5320 

5340 
5360 

5  3  So 


3 

3 
3 
3 
3 

3 

3 
3 

3 
3 
3 
3 

3 

3* 
31 

3» 

32 
32 
32 

3* 

32 

3^ 

3* 
32 

32 

32 
32 
32 
33 
33 
1331 
33 
33 
33 

33 
33 
33 
33 
33 
33 
33 
33 
33 


Tang,  i  CkM.  ID. 


Cob. 

9-99 
5482 

5464 
544« 

54^7 
5409 

5390 

5372 

5353 
5534 
5316 

5297 

5278 
5260 

53^4* 
5Z2a 
5203 

5^84 
5165 

5146 

5127 
5108 
5089 
5070 

5051 
5032 

50«3 

4993 

4974 
4955 
4935 

4916 

4877 
4857 

4838 

4818 
4798 
4779 
4759 
4739 

4719 
4700 

4680 

4660 

4640 

4620 


Sine 


45 

AA. 

44 

43 

41 

40 

39 

38 

81 

37 

3* 

35 

34 

33 

32 

31 

30 

ft* 
01 

li 

11 

*5 

2A 

»3 

IK 

»I 

*o 

8t 

^9 

1 0 

XI 

16 

» 5 

T 

IS 

1 1 

Si 

10 

9 

8 

7 

6 

5 

4 

3 

% 

I 

81 

0 

0 

t 

81|  Beg. 


81  Dtig. 


MATHEUATICAL  TABLE& 


TABLB  T<— LoOk  Snn^  sm 


9f  Deg. 


»  o 
I 
a 

3 

4 

5 
6 

7 

8 

9 

lO 

II 
la 
«3 
H 
IS 
i6 

17 
9  i8 

19 

ai 
aa 

*3 

24 
«6 

9  *7 
a8 

»9 
30 
3' 
3^ 
33 
34 
35 

9  36 

37 

S« 

39 
40 

41 
4» 

43 

44 
45 


Sine 


z 

294332 
195149 

195915 
196719 

198302 
199091 
199879 

200666 

201451 
aoaa34 
303017 

403797 

204577 
205354^ 
406131 

206906 
207679 

208452 
209222 
209992 
410760 
4x1546 
412491 
213055 
213818 
4I4S79 

415338 

216097 
216854 
2 17609 
218363 
219116 
219868 
aao6i8 
441367 

2221 1 5 
222861 
443606 
224349 
225092 
445833 
226573 
227311 
228048 
228784 


Cos. 


D.    Coaec    TMig.  I  D.  [  Cot  I  Sec. 


328 

326 

3^3 
321 
318 
316 
313 

3" 
308 

306 
304 
301 

299 
296 
294 

292 

289 
287 

285 
282 
280 
278 

»75 

1273 

271 

268 
266 

264 

261 

259 

-57 

255 
253 

450 

448 

44^ 
244 
242 

»39 

1237 

235 

»13 

23T 


ID" 

805668 
804871 
804075 
803281 
802489 
801698 
800909 
800X41 

799334 

798549 

797766 

796983 
796203 
795423 
794646 
793869 

793^94 
792321 

791548 
790778 
790008 
789240 
788474 
787709 
786945 
786182 
785421 

784662 

783903 
783146 
782391 
781637 
780884 
780132 
779382 
778633 

777885 
777139 

776394 

775651 

774908 

774167 

7734^ 


2x8  771689 


226 


1951 
77I2I6 


IX  Sw. 


± 

199713 

200529 
201345 
20Z159 
404971 
203782 
204592 
405400 
206207 

207013 

207817I 

208619 

209420 

21022c 

211018 

211815 

21261 I 

21 3405 1 

214198 
2149S9 
215780 
216568 
217356 
2181^ 
218946 
219710 
22049 

2212721 
222052 
222830' 
223606 
224382 
225156 
225929 
226700 
447471 

228239 
229007 

"9773 
430539 

431302 

232065 
232826 
233586 

13434s 
*35«°3 


Cot 


361 

359 
356 
354 
35« 
349 
347 
345 
34* 
340 
338 
335 
333 

331 
328 

326 

324 
321 

319 

315 
312 
31c 
308 

30s 

303 
301 

299 
297 
294 
292 
290 
288 
286 
484 
48  X 

479 
477 
475 

a73 

271 

269 
267 
265 
262 


D. 


800287 

79947 » 

798655 

797841 
797049 
796218 
795408 
794600 

793793 

794987 
792183 

791381 
790580 
89780 
788982 
788185 
787389 
786595 

785804 
78501 1 
784220 
783432 

781  S5ii 
781074 

780290 
779508 

7787*8 

777948 
777170 
776^94 
775618 
774844 

774071 
773300 

77»S»9 

771761 
770993 
770227 
769461 
768698 
767935 


lO'OO 


5380 

5400 
5420 
5440 
5460 

5481 

5501 
5541 

554» 

5562 

5582 
5603 
5623 

5643 
5664 
5684 

5705 
5726 

5746 

5767 
5788 
5809 

5829 

5850 

5871 
5892 

5913 

5934 

5955 

5976 

5997 
6019 
6040 
6061 
6084 
6104 

6125 
6146 
6168 
6189 
6*11 
6232 


D. 


Cos. 


81  Deg. 


767174  6254 

766414  6a75 

765655  6297 
764897  6319 

Tang.  Cos. 


33 

33 
33 
34 

34 

34 
34 
34 

34 
34 
34 

34 
34 
34 

34 

34 

35| 

l'\ 
jj 

35 

35 
35 
35 
35 
35 
35 

35 

35 

35 

35 

35 

35 

35 

3 

3 

36 
36 
36 
36 
36 

36 
36 

36 

36 


999 
4620 
4600 

4580 
4560 
4540 

4  C  I  <j 

4499 
4479 
4459 
4438 
4418 
4397 
4377 
4357 
4336 
4316 

4295 
4274 

4254 

^33 
4414 

4i9» 

4171 
4150 
4129 
4108 
4087 
4066 

4045 
4024 

4003 

3981 

3960 

393| 

3I96 

3875 
3854 

3^31 
3811 

3789 

3768 

3746 
3745 
3703 
3681 
Sine 


MATUEBiATICAL  TABLES. 


9f  Deg. 


TABLE  V.-Loa. 


Sine  D 


9  4; 

46 


5' 
5^ 
SI 

'  54 

55 
56 
57 
58 
59 
10  o 
I 
2 

10  3 

4 

5 
6 

7 
8 

9 

10 

II 
10  12 

13 
14 

15 

16 

»7 
18 

>9 
so 

10  SI 

2 

HI 


±1 
M8784 

229518 
47| a302sx 
4**30984 

491151714 
50  ajz444 
233172 
233899 
234625 

»3S349 

23607'^ 

^37515 
238235 

238953 
239670 

241  lOI 

241S14 

24.2526 

^43^37 

H3947 
244656 
245363 

246069 

246775 
247478 

248181 
248883 

250282 
250980 
251677 
252373 
253067 
253761 

a54453 

255144 
255834 
2565*3 
25721 I 

258583 
259268] 

»S995i 

260633 

Cos. 


'J 

27 
28 
29 
30 


224 
222 
220 

218 
116 
214 

212 

209 
207 

205 

203 
201 

99 

9' 

95 

93 

91 
89 

87 

85 

83 
81 

79 

T  -r 

/  / 

75 

73 

71 

69 

67 

65 

63 
61 

59 

54 

52 

5° 
4^ 

46 

44 

42 

41 
39 
"37 


Cosec. 


Tang. 


10 

771216 
770482 
769748 
769016 

768286 

767556 
766828 

766101 

765375 
764651 
763927 
763205 
762485 
761765 
761047 
760330 
759614 
758899 

758186 

757474 

756763 
756053 

755344 

,75+637 

753931 
753225 

752522 

751819 
751117 
750417 
749718 
749020 
748323 
747627 

746933 
746*39 

745547 
744856 
744i66 
74S477 

74*7*9 
74AIOS 

741417 
740732 

740049 

139367 
See. 


1>. 


9; 
^351031 
235S59 
236614 

237368 

238120 

238872 
239622 

240371 

241 r 18 

241865 
242610 

H3354 

24409- 

244839! 

246319' 
247057 
247794 

248530 
249264 
24999S 
250730 
251461 
252191 
25Z920 
25364.8 

'-54374 

255100 

255824 

156547 
257269 

257990 

258710 

259429 
260146 
260863 

261578 

2622q2 
26 ]005 

263717 
264428 
265138 

265847 
266555 
267261 
267967 


1 26c 
1258 
256 
254 
252 
250 
248 
246 
244 

242 
240 
23R 
236 
234 
232 
230 
228 
226 

224 

222 
220 
218 
217 

213 

I2It 

209 

207 
1205 
203 
201 
1*00 
98 

96 

94 
92 

90 
89 
87 
85 
83 
81 

79 
78 
76 


Cot. 


lo- 

764897 
764141 
765386 
762632 
761880 
761x28 
760378 
759629 
75S882 

758135 

756646 

755903 
755161 
754421 
753681 

752943 
752206 

75H7C 
750736 
50002 
749270 
748539 
747809 
747080 
746352 
745626 

744900 
744176 

743453 

742731 

•42010 
■4129c 
^40571 

739854 
739137 
738422 

770S 

73^995 
736283 

735572 
734862 

734153 
733445 
73*739 
732033 
Tang. 


Sec 


10^  Deg. 


D. 


Cos. 


10  00 

6319 
6340 

6362 

6384 
6406 
6428 
6450 

6472 
6494 

6516 
6538 
6560 
6582 
6604 
6626 
6649 
6671 
6693 

6715 
673S 
6760 
6783 
6805 
6S28 
6851 

6873 
6896 

6919 
6941 
6964 
6987 

7010 
7033 
7056 
7079 
7102 

7125 

7148 
7171 

7194 
7217 
7241 

7264 

7287 
7310 

7334 

Cos.  D. 


361 

36! 
3f' 
36: 
37 
37 
37 
37 
37 

37 
37 

3 

37 
37 

37 
3" 
37 
37 

3 

37 
37 
3=^ 
38 
3« 
38 
38 
38 

38 
38 
38 

38 
3S 
38 
38 
)3S 
38 

138 
'3« 
39 
39 
39 
39 
39 
39 
39 


9;V9 
5bSi 
3660 

3638 
j6i6 

3594 
3572 

3550 
3528 

3506 

3484 
3462 

3440 

3418 

3396 
3374 

3351 
352.9 

3307 

3285 
3262 
3240 

3217 

3195 
3172 

3«49 

3127 

3104 

3081 
3059 
3036 

3013 

299c 

2967 

2944 

2921 

2898 

2875 

2852 
2829 
2806 

2783 
2759 
2736 
2713 
2690 
2666 

Sine 


80^  Deg, 


79^  Deg. 


ICATBElfATICAL  TABLH& 


lot  Pgg- 


TABLE  v.— Loo.  Sutbs,  mo. 


Ui  Deg. 


lO  30 

31 
3z 
33 
J4 

P 

37 
3« 

10  39 

40 

41 
4» 
43 
44 

45 

46 

47 
10  48 

49 
50 
S> 

S* 
53 
54 

56 

10  57 

S8 
59 

11  o 
I 
» 
3 
4 
5 
6 

7 
8 

9 
10 

II 

12 

»3 
14 
>5 


It 


Sine 


il 
260633 
261314 
26 1994 
26*673 
263351 
264027 

a6«377 
266051 

266723 
267395 
268065 
268734 
&694M 
270069 

*70735 

27 1400 

272064 

272726 
273388 
274049 
274708 
275367 
276024 
276681 
277337 

a? 799 J 
278644 
279297 
279948 
280599 
281248 
2S1897 
282544 
283190 
283836 

284480 
285124 
285766 
286408 
287048 
287687 
288326 
288964 
289600 
290236 


Coa. 


'35 

3^ 
30 
28 
26 

«4 
22 
20 

19 
17 

'5 

«3 

II 

10 

08 

06 

OS 

03 
01 

09? 
098 
096 

094 

092 

C91 
089 

087 
086 
0S4 
082 
081 
079 
077 
076 
074 
072 
071 
069 
067 
066 
064 
063 
o6t 
1059 


D. 


Tang. 


lO* 

738686 
^8006 
737327 
736649 

73S973 
735*97 
734623 

733949 

713*77 
3260$ 

3^955 
731266 

730598 

729931 

729265 
28600 
727936 

727274 

726612 

7*5951 
7*5*9* 

7*4^33 
723976 

723319 

722663 
722009 

21356 
720703 

720052 
719401 
718752 
718103 
717456 
716810 
716164. 

715520 
714876 
714234 

71359* 
712952 

12313 

711674 

711036 

71040C 

709764 


X 

267967 

268671 

269375 

270077 

270779 
271479 

272178 
272876 

*73573 

274269 
274964 

275658 

276351 
*77<»43 

277734 

27S424 
279113 
279801 

280488 
281174 
281858 
282542 

283225 

283907 
2S4588 
285268 
28594- 

286624 
287301 

*87977 
288652 
289326 
289999 
290671 
291342 
292013 

292682 

'■93350 

294017 

294684 

*95349 
296013 

296677) 

297339 

298001 

298662 


Cot    Sec  D 


Cot 


74 
72 

70 

69 
67 

65 

64 

62 
60 

5» 

57 
55 
53 

S» 

50 
48 

47 

45 

43 

41 
40 

38 
36 
35 
33 
31 
30 
28 
26 

*5 
*3 
22 
20 
18 
17 
15 

H 
1% 

II 
09 
07 
06 
04 
03 
01 


732033 
731329 
730625 
729923 
729221 
728521 
727822 
727124 
726427 

725731 
725036 

724342 

7*3649 
722957 

722266 
721 576 
720S87 
720199 

7i9S»* 

718826 

718142 
7 I 745 S 
716775 
716093 
715412 
714732 
714053 

7x337* 

712699 

712023 
71 1348 
710674 
7 1000 I 
7093*9 
708658 
707987 

707318 
706650 
705983 

705310 

704651 
703987 

703323 
702661 
701999 
701338 


D.  Tang. 


J0"0© 

7334 

7357 
7381 
7404 
7428 

745.* 
7475 
7499 

752* 

7546 
7570 

7594 
761S 
7641 

7665 
7689 

7713 
7737 
7761 

7786 
7810 

'^34  1 
7858  *° 
7883 
7907 

793» 
7956 

7980 

S004 
8029 
8053 
8078 
8103 
8127 
815a 
8177 

8201 
8226 
8251 

8276 
8301 
8326 
8351 
8376 
8401 
8426 


39 
39 
39 
39 
39 
39 
39 

39 

40 

40 

40 

40 
40 
40 
40 
40 
40 
40 

40 
40 
40 


40 
41 
41 
4S 
41 

41 
41 
41 
;4i 

41 
41 
41 
41 
4« 

41 

42 
42 
42 

42 

42 

4* 
42 
42 


Cos. 


9*99 


Cos. 


D. 


2666 
2643 
2619 
2596 
2572 
2549 
2525 
2501 
247S 

*454l 
2430 

2406 

2382 

^359 
2335 
23  1 1 

2287 
2,263 

**39 

2214 

2190 
2x66 

2142 
2117 

2093 
2069 

2020 
996 
971 

947 
922 

S97 
873 
848 
823 

799 

774 
749 

7*4: 

699 

674 

649 

624 

599 

574 


ine 


70i  Deg, 


78|Deg. 


UATHEMATIOAL  TABLES. 


lij  li>eg. 


TARLE  v.— LoQ.  SDfES,  Era 


m  Peg. 


o 

/ 

Sine 

9' 

mm 
U 

V  g 

\i 

»7 

zu  1 

So 

2921 37 

10 

202768 

%0 

293399 

SI 

294029 

sa 

294658 

295286 

II 

24 

2959 1 3 

so 

290539 

M  AMif  nil 

»7 

s8 

2084X2 

JO 

299655 

31 

300276 

300S95 

II 

33 

301514 

34 

302132 

35 

30274.0 

3& 

303304 

37 

J  JJfJ 

38 

304593 

39 

305207 

40 

305819 

41 

306430 

II 

4* 

307041 

43 

307650 

44 

308259 

308867 

Ji 

309474 

47 

310080 

310685 

49 

3T 1289 

5" 

311893 

11 

5* 

312495 

5» 

313097 

53 

313698 

54 

3142971 

55 

314897 

56)3 '549  5 

571316092 

58 (316689 

3 J 7*84 

317879 

058 
056 

054 
053 
051 
050 
048 
046 
045 

043 
042 
040 
039 

037 

036 

C34 
032 
1031 

020 

1028 
026 

C25 
023 
02  z 
020 
019 
017 

016 
014 

013 

Oil 

010 

008 
007 
005 
004 

003 
001 
000 
998 

997 
996 

994 

993 

991 


Tang.  I  P.     Cotu  I  Sec. 


xo* 

7097^ 

709130 

708496 

707S63 
707232 
706601 

705971 

70534a 

704714 

704087 
703461 
70SS36 

702212 

7CI5S8 

7C0966 

700345] 
699724 

699105 

698486 

697868 

697252 
696636 
696021 

695407 
694793 
694I8I 

693570 

692959 
692350 

69I74I 
691133 
690526 
689920 

689315 

6887II 
688107 

687505 

686903 
686302 

685703 

685103 

6^505 
683908 
683311 
682716 
682I2I 


D.  Sec. 


9_ 
298662 

299322 
299980 
300638 
301295 
301951 
302607 
303261 
303914 

304567 
305218 

305869 

3065  J  9 
307168, 

30781s' 
308463 
309109 
309754 

310398 

311C42 

3116S5 

3123*7 
312967 
313608 
314447 

3»4885 

3'5S23 

316159 
316795 

317430 
318064 
318697 
319329 
319961 
320592 
321222 

321851 
322479 
323106 

3»3733 

3^435^ 

3*4983 
325607 
326231 
326853 
3*7475 
Got 


too 
098 

096 
095 

093 
092 
090 
089 
087 

086 

0S4 
083 
081 
080 
078 
077 

075 
074 

073 

071 
070 
068 
067 
065 
064 
062 
061 

060 


iO* 

701338 
700678 

700020 
69936 
698705 
698049 

%7393 
696739 

696086 

695433 

694782 
694131 
693481 
692832 
692185 
691537 
69089 1 
690246 

689602 
688958 

688315 
687673 
687033 

686392 

685753 
685115 

684477 

683841 


058  ^^3^05 
^  682570 
681936 

6gi 303 
6S0671 
6800 


057 

055 
054 

C53 
C51 

050 

C48 

047 

C45 
044 
043 
041 
040 

039 

037 
036 


78f  D^. 


39 
679408 
678778 

678149 
677521 
676894 
676267 
675642 
675017 
674393 
673769 
673147 
672525 


1000 

84I6 

8451 
8476 

8502 
8527 

«55» 

8578 
8603 
8628 

8654 

8679 

8705 
8730 

8756 

8782 

8807 

8833 

8859 

8885 
8910 
8936 
8962 
89S8 
9014 
9040 
9066 
9092 

9118 

9'45 
9171 
919? 
9223 
9250 
9276 
9303 

932'9 

9356 

9382 

9409 

9435 

9462 

9489 
9515 

9542 

9569 
9596 


D.  Cob. 


42 

42 
4» 
4* 

4» 

42 

4* 
43 

43 

43 
43 
43 
43 
43 
43 
43 
43 

43 

43 
43 

H>3 
43 
43 
43 

44 

44 

44; 
44 
44] 
44 
44 
44 
44 
44 
44 

44 
44| 
44, 
44 
44 
4S 
45 
45 
45, 


Tang.  Cofc 


999 

1574 

IS49 
1524 
1498 

1473 
I4»8 

1422 
1397 
1372 

1346 
1321 
"9S 

1 244 
1218 

"93 
1167 

1141 

1115 

1090 

1064 
1038 

lOIS 

0986 
0960 

0934 

0908 

0882 

««55 

0829 

0803 

!  0777 
0750 
0724 
0697 
0671 

0644 

0618 

0565 
0538 
05 1 1 

0485 

0458 
0431 
0404 


D.  Sine 


5 
4 

3 

2 

1 

78  o 


78  Deg. 


HATEEMATICAL  TABLES. 


Id  Peg. 


12 


Sine 


9 

lO 

II 
» 

>4 

»S 
16 

17 

12  18 

>9 
20 

21 

»3 

H 


ti  27 

*9 

SO 

31 

32 

33 
34 

35 
i»  36 

37 

38 

39 
40 

4« 
4* 
43 

44- 
45 


17879 
18473 

lt;o66 

19658 

20249 
20840 
21430 

M607 

*3i94 

378c 

24366 

24950 

»SS34 
26117 

96700 

27862 

28442 
29021 
29599 

0176 

30753 
31329 

31903 

32478 

33051 

33624 
34.10 
3476( 

35337 
35906 

36475 

37043 
37610 

38176 

38742 

39306 

39871 

40434 
40996 

4»S5* 

4*"9 
42679 

43239 

43797 


I 


990 
988 
987 
986 
984 
983 
982 
980 

979 

977 

976 

975 

973 

972 

970 

966 

965 
964 

96* 

961 
960 

958 

957 
956 

954 

953 
952 

950 

949 

948 

946 
945 
944 
943 

941 
940 

939 
937 
936 
935 
934 
93a 

93' 


-Log.  Soibb^  na 


81527 
80934 

8034t 

79751 
79160 

78570 
779^1 

77393 

76806 

75^34 
75050 

74466 

738S3 

733a> 

72719 

73138 

71558 
70979 

69824 
69247 
68671 
68097 

66949 

66376 
65SCS 

65*34 

64663 

64^94 

63525 
62957 

62390 
61824 

6T258 

60694 
60129 

59566 
59004 
58442 

57881 

573*1 

56761 

56103 


Sec. 


Tang, 

3*7474 
328095 

328715 
3*9334 

3^9953 
330570 
331187 
331803 

33*418 
333033 

333646 

334^59 
334871 

33  54^2 
336093 

336702 

33731 I 
337919 

338527 

339^33 

339739 

340344 

340948 

34155* 

34*155 
34*757 
3^358 

34455^ 
345157 
345755 
346353 
346949 
347545 
348 141 

348735 

3493*9 
3499*2 

350514 

351 106 

351697 

352287 

352876 

353465 

354053 

354640 


Cot. 


[030 
029 
1028 

t026 

025 
024 

1023 

I02I 

020 
019 
017 
016 
IOI5 
013 

0  12 

Oil 
[OIO 

[008 

007 
006 
0-04 


tooo 


997 


99* 

991 

990 

988 

987 
986 

985 


981 
980 

979 


D. 


18|  Peg. 


Cat. 

D. 

lO' 

lO'O 

9-9 

672526 

09596 

45 
45 
45 
45 

45 
45 
45 
45 
45 

45 

45 

46 

46 
46 

4-6 

46 
46 
46 

90404 

60 

671905 

09622 

90378 

59 

671285 
670666 

09649 

09676 

90351 
90324 

5» 
57 

670047 

09703 

90297 

669430 

09730 

90270 

55 

668813 

09757 

90243 

54 

668197 

09785 

90215 

53 

067582 

09812 

90x59 

77  5* 

666967 

09S39 

90161 

5» 

666354 

09866 

90134 

50 

665741 

09893 

90107 

49 

665 129 

09921 

90079 

48 

6645 1 8 

09948 

90052 

47 

663907 

09975 

90C25 

46 

663298 

IOC03 

89997 

45 

602689 

10030 

0 

59970 

44 

662081 

10058 

89942 

77  43 

661473 

10085 

46 
46 
46 

46 

89915 

42 

660867 

10113 

89887 

41 

660261 

IOI40 

89860 

40 

659656 

IOI68 

89832 

39 

659052 

IOI96 

89804 

38 

658448 

10223 

4^ 
46 

47 

89777 

657845 

10251 

89749 

36 

657243 

10279 

89721 

35 

656642 

10307 

89693 

77  34 

656042 

10335 

47 

47 
47 
47 
47 
47 

47 

47 
47 

47 

47 
47 

47 

89665 

33 

655442 

10363 

89637 

32 

654843 

I039I 

89609 

31 

654*45 

10418 

89582 

30 

653647 

10447 

89553 

29 

653051 

10475 

^95^5 

28 

65*455 

105^ 

89497 

*7 

651859 

10531 

89469 

26 

6  c  1 26  c 

11 

650671 

10587 

89413 

650078 

10616 

89384 

23 

6494S6 

10644 

89356 

22 

64SS94 

10672 

89328 

21 

648303 

10700 

89300 

20 

647713 

10719 

47 
47 
47 
47 
47 

89271 

»9 

647 1 24 

10757 

89243 

18 

646535 

10786 

1  89214 

17 

645947 

10814 

89186 

16 

64  5  3  60 

1084^ 

89157 

77  15 

Tang. 

Cos. 

D. 

Sine 

0  ' 

78  Peg. 


771  De-. 


MATHEMATICAL  TABLES. 


89 


18}  DA- 


TABLE Y^Log.  Qnm,  mo. 


12  4' 

4t> 

47 
4« 

49 

SO 
S» 
5* 

53 

1*  S4 
55 

56 

57 
58 
59 

13  o 
I 
2 

13  3 
4 

5 
6 

7 
8 

9 

10 

II 

13  12 

»3 

;i 

18 

so 

»3 
24 

*5 
»6 
27 
28 

*9 

JO 


Sine  I  D. 


344-355 
344912 
341469 
346024 

346579 
347134 
347687 
348240 

348792 

3493+3 
349893 
350443 
J5«99» 

35«540 

352088 

352635 
353181 

353726 

354171 
354815 
355358 
355901 
356443 
356984 
3575*4 
358064 

358603 

359'4i 
359678 

360215 

360752 

36W87 

361822 
362356 
362889 

36342ft 

363954 
364485 
365016 
365546 
366075 
366604 
367131 
367659 

368185 
Cos. 


Cosec. 


lO' 


77i  Deg. 


929 
927 
926 

9«S 
9*4 

922 
921 
920 

919 

917 
516 
915 
914 

9>3 
911 
910 
909 

908 

907 
905 
904 

903 

902 

901 

899 
898 

897 
896 

895 
«93 

892 
891 
890 
889 
888 

887 

885 
884 
88s 

nz 

880 

879 
877 


6<62oi 

655645 
655088 

654531 
653976 

©534*1 
652866 

652313 
651760 

651208 
650657 

650107 
649557 
649008 

648460 

647912 
647365 
646819 

646274 
645729 
645185 
644642 

644099 

643557 
643016 
642476 
641936 

641397 
640859 
640322 
639785 
639248 
6387x3 
638178 
637644 
6371 I I 

636578 

636046 

»«1 1 634984 

634454 

633925 

633396 

632869 

632341 

631815 


Tang. 


D. 


•?     f  40 

355^^7 

355813 
356398 
356982 

357566 
358149 
358731 

359313 

359893 

360474 
361053 

361632 

362210 
362787 

363364 

363940 

364515 
365090 

365664 

366237 

366810 

367382 

367953 
3685H 
369094 
369663 

37o»3» 

370799 

371367 
37*933 

37*499 
373064 

3736*9 

374193 

374756 

375319 
375881 
376441 
377003 

377563 
378122 

378681 

379239 
379797 
380354 
Cot» 


D. 


977 
976 

975 

974 
973 
971 
970 
969 
968 

967 
966 
965 

963 
962 
961 
960 

959 
958 

957 

955 

954 
953 
95* 
951 
950 

948 

946 

945 
944 
943 
94* 
941 
940 

939 
938 

937 
935 
934 
933 
932 
931 
930 
929 
928 

IT 


Cot. 

See. 

D. 

Cob. 

10* 

lo-oi 

9-98 

o»43 

47 

*i 

48 

48 
48 
48 

9157 

15 

644773 

044197 

OO72 
0900 

9120 
9100 

»4 
«3 

643602 

0Q20 

13 

643018 

0958 

Q042 

«  * 

1  X 

642434 

0986 

9014 

T  n 

641851 

IOI5 

8985 

9 

641269 

1044. 

f  I 

48 

48 

48 

48 

48 

49 
49 
49 

49 
49 
49 

49 
49 
49 
49 
49 
49 
49 
4V 
49 

49 
49 

Sc 

50 
50 

5" 
50 
50 
50 

50 

5c 
50 

89C6 

• 

• 

640687 

1073 

8027 

7  1 

77 

7 

040107 

1 102 

8899 

6 

II3I 

0BO9 

5 

03094/ 

T  7  rif^ 

0  04Q 

4 

618168 

8811 

3 

637790 

1218 

8782 

637213 

1247 

8753 

• 

1 

636636 

1276 

8724 

// 

636060 

1305 

8695 

59 

635485 

1334 

8666 

■76 

5* 

"349 *o 

V  T  n  it 

*3°4 

0  U  7  0 

57 

03433'* 

•393 

56 

033703 

5  / 

55 

6 1 1 1 00 

632618 

81:48 

54 

T481 

8519 

53 

632047 

1511 

8489 

5* 

631476 

1540 

8460 

51 

630906 

1570 

y .  - 

50 

630337 

»599 

S401 

76 

49 

62o"768 

I 

<»l7' 

48 

6 2 (^20  I 

t6cS' 

J 

•34* 

47 

1  \j  a  0 

46 

r  -7  I  S 

45 

62?<OI 

1748 

8252 

44 

046936 

1777 

8223 

43 

626371 

1807 

8193 

4* 

625S07 

1837 

8163 

41 

625244 

1867 

8133 

76  40 

624681 

1897 

8103 

39 

6241 19 

1927 

8073 

3S 

623558 

1957 

8043 

37 

622997 

1987 

801 3 

36 

622437 

2017 

5c 
50 
50 
50 

50 

50 

7983 

35 

621878 

2047 

7953 

34 

621 3 19 

2078 

7922 

33 

620761 

2108 

7892 

3* 

620203 

2138 

7862 

31 

619646 

2168 

7832 

76  30 

Cog. 

D. 

Sine 

0 

76^  Deg. 

B 


MAmSUATICAIi  TABLES^ 


IH  Deg. 


Table  v.— Log.  Sdtes,  etc. 


Deg. 


• 

Sine 

9" 

IS  30 

368185 

V 

368711 

3* 

369236 

33 

36976J 

34 

370285 

35 

370808 

••/i 
30 

371330 

37 

37i«5» 

3» 

37*373 

ij  39 

372894 

40 

373414 

373933 

42 

374452. 

43 

374970 

44 

375487 

45 

376003 

46 

376519 

47 

377035 

13  48 

377549 

49 

378063 

50 

378577 

51 

379089 

5* 

379601 

53 

380113 

54 

55 

3  ■:  M  ^f! 

50 

351043 

13  57 

382152 

58 

382661 

59 

383168 

14.  0 

383675 

I 

3841s* 

% 

384687 

3 

385192 

4 

3x5097 

5 

386201 

- 

14 

3^6704 

7 

387207 

g 

387709 

9 

388210 

10 

3887" 

II 

389211 

12 

38971 1 

13 

390210 

'4 

390708 

15 

391206 

Go* 

Cosee. 


76^  Deg. 


87« 

87s 
874 
873 
872 

871 
870 
869 
867 

866 
865 
864 

863 
862 
861 

860 
S59 
858 

857 

856 

«S4 

J» 
«5» 

851 
850 

849 
848 

847 
846 

845 
844 

«43 

842 
841 

839 
838 

837 
836 

Hs 
834 
833 

832 
831 
830 

"ST 


lo- 

6318x5 

63s»89 
630764 

630239 
629715 
629192 
628670 
628148 
627627 

627106 
626586 

626067 
625548 

625030 
624513 
623997 
62348 1 
622965 

622451 
621937 
621423 
6209 1 1 
640399 
619887 
619376 
618866 
618357 

617848 
617339 
616832 
616325 
615818 
6x5313 
614808 
614303 
61 3799 

613^96 

6 1?.  79-; 
612291 
61 1790 
611 289 
610789 
610289 
609790 
609292 
608794 


Tang. 


21 

3j»9i«  9»6 
3;«4«6  Lc 

382020 

381575 
383129 
383682 
384234 
384786 

3«53J7 
385888 

386438 

386987 

5«75S6 

388084 
388631 
389178 
389724 

390270 
390815 
391360 
391903 

392447 
392989 

393531 
394073 

394614 

395154 

39569+ 
396233 

396771 
397309 
397846 

398383 
398919 

S99455 
399990 

400524 
<|0to58 
401591 
402124 
402656 
403187 
403718 
404249 
404778 


Cot. 


D. 


925 
924 

923 
922 
921 
920 
919 
918 
917 

915 
914 

913 

912 

911 

910 

909 

908 
907 
906 

905 
904 

903 
902 

901. 
900 

899 
898 

897 
896 
896 
895 
894 

893 
892 

891 
890 
889 
888 

887 
886 

885 
884 
883 


Got.     Sec  D.  Cob. 


10* 

619646 
619090 

618534! 

617980 

617425 
616871 
616318 
615766 
6i5»i4 

614663 

61411S 

613562 
613013 
612464 

61 1910 
61 1369 
610822 

610276 

609730 
609185 
608640 
608097 

607553 
60701 1 
606469 
605927 
605386 

604846 
604306 
603767 
603299 

602  6  (,M 

602154 
601617 
601081 
600545 

600010 
599476 
598942 
598409 
597876 

59734* 
S96813 
59628* 

59$75» 

595**^ 
Tang. 


to*oi 


2597 
262S 


Sine 


Beir. 


HATHEHATIGAL  TABUB3, 


I4i  Deg. 


TABLE  V.—LoG.  Saras,  Kra 


•  '  1 

Sine 



y_ 

'5 

10 

391703 

391199 

_  A 

18 

394695 

>9 

J9J»9» 

J9JW5 

'V  T 

394-^79 

394.673 

S3 

395166 

MM  mC, 

395058 

!i 

396150 

s6 

396641 

»7 

397' i* 

aft 

3976^ 1 

29 

3981 I I 

90 
5" 

S0S600 

399OI8 

199575 

4OOO6Z 

34 

400549 

35 

401035 

40 1^20 

37 

J8 

39 

M  l  *- "J  / 

40 

403,: s 

403938 

14.  4a 

^04420 

♦s 

404901 

44 

405382 

45 

40 

A  T 

407099 

49 

407777 

50 

14  51 

408731 

5* 

409207 

51 

409682 

54 

410157 

55 

410632 

56 

41 I 106 

57 

411579 

58 

412052 

4i»5*4 

412996 

Cos. 

D.    Coeee.  Tang,  j  D. 


S28 

827 
8a6 

824 
823 
%zz 
8zi 
S20 

S19 
818 

817 

817 
816 
815 
814 
813 
812 

Sii 

Sio 

809 
808 

807 
806 
X05 
^04 
803 

8o» 
tos 

800 

799 
798 

797  i 
796 

795 

794 

794 

793 

792 

791 
790 
789 

788 

787 
786 


10- 

608794 
608297 
607801 
607305 
606809 
606315 
605821 
605327 
604S34 

604342 

603850 

603359 

602868 

602379 

601889 

60 I 400 

6009  ^ 

600425 

599938 

59945* 

598965 

598480 

597995 

5975" 
597028 

596545 
596062 

595580, 

595^'99 
S9461S 
594«l8 

593659 
593180 

592701 

592223 

591746 

591269 
590793 
590318 
589843 
589368 
588894 
588421 
587948 

587476 
5870 


3 


91 
404778 
405308 
405X36 
406364 
406892 
407419 
407945 
408471 
40I997 
409521 
410045 
41C569 
411092 
411615 

41*137 

412658 

413179 
413699 

414219 
414738 

415257 

415775 
416293 

416810 

417326 

417842 
418358 

418873 

419387 
41 990 I 
420415 
420927 
421440, 
421952 
422463 
4»»974 

4*34841  89 

4^3993; 
424503 

42501 1 

4*5519 
426027 

426534 

427041 

4*7547 

428052 


gee.  Got. 


882 
881 
880 

879 
878 

877 
876 

J75 
«74 

874 

873 
87a 
871 

870 

869 
868 
867 
866 

865 
864 
864 
865 
86a 
861 
860 
859 
85? 

857 
856 

855 

855 

854 

853 
852 

851 

850 


848 
847 
846 
845 

843 

«43 


15  Deg. 


Cot. 

D. 

Ooa. 

lO' 

1001 

998 

505222 

J  7  J 

3573 

S3 

53 
54 
54 

54 
54 

64%? 

45 

594692 

3605 

6395 

44 

(104164 

3637 

6363 

43 

<;n7676 
J  J  J  J 

3669 

6331 

4* 

CQ^IOS 

3701 

6299 

4» 

6266 

40 

592055 

3766 

6234 

39 

5915*9 

3798 

54 
54 
54 

54 

54 
54 
54 
54 
54 
54 
55 
55 

55 
55 
55 

55 
55 
55 

55 
55 
55 

55 
55 
55 
55 
56 
56 
56 
56 
56 

6202 

J8 

591003 

3831 

6169 

75  37 

(90470 

3863 
^8q6 

6137 
6104. 

36 
35 

1028 

60T2 

/ 

34 

(8Soo9 

2061 

6o'Jo 

33 

5««3f5 

6007 

3* 

^8786? 

4026 

5974 

3« 

58734* 

4058 

594- 

30 

586821 

4091 

5909 

29 

586301 

4124 

5876 

75 

_  0 

585781 

4^57 

5843 

*7 

585262 

4189 

581 1 

s6 

<  84.74.1 

4MZ 

w  

5778 

»S 

584225 

4255 

5745 

«4 

583707 

4288 

S7ii 

»3 

583190 

■J  ^  w 

4321 

5^79 

Sa 

58*674 

58215? 

4354 

5646 

%\ 

^n^7 

5613 

20 

5816^^2 

44.10 

5580 

75 

19 

55^127 

5  547 

18 

580613 

4486 

55 '4 

J7 

5S0099 

4520 

5480 

16 

579585 

4553 

5447 

15 

579073 

4586 

54x4 

»4 

578560 

4620 

53*0 

»3 

578048 

4653 

5347 

12 

577537 

4686 

S>»4 

II 

577026 

4720 

5*80 

75 

10 

576516 

4753 

56 

56 

56 
56 
56 
^6 

56 
56 
56 

5H7 

9 

576007 

4787 

S*'3 

8 

575497 

4820 

5180 

I 

5749'^'; 

4^54 

5146 

574481 

4887 

5113 

5 

573973 

4921 

5079 

4 

573466 

4955 

5045 

3 

572959 

4989 

5011 

z 

57*453 

5022 

4978 

I 

571948 

5056 

4944 

75  0 

Tang. 

J  Cos.  iD. 

Sine 

0 

75|  Deg. 


75  Deg. 


UATHEICATIOAL  TABLES. 


15  Peg. 


TABLE  v.— Loo.  Si3m,  mc 


16f  Deg 


IS  o 

I 
s 
3 
4 

5 
6 

7 
8 

IS  9 

lO 

II 

12 

13 
»4 

»S 
i6 

17 

15  i8 

19 
ao 
21 
zz 

*3 
H 

»5 
26 

»5  27 
28 

a9 
30 

31 

3^ 

33 

34 

35 

ij  36 

57 

3? 

39 
40 

41 
42 

43 
44 

45 


Sine 


412^9! 

413467 
413938 
4x4408 

414878 

415347 

416283 
416751 

417217 
417684 
418150 
41S615 
419079 

419544 

420007 

420470 
420933 

42'395 
421857 

422318 
422778 
423238 
4A3697 

4>+"S* 
424615 

425073 

425530 
425987 
426443 
426899 

4*7354 
427809 

428263 

42K717 

429 T 70 

429623 
430075 

430527 
430978 
431429 

43»879 

43*3*9 

432778 

433226 
433675 


B.  Goseo. 


Cos. 


785 
784 
783 
783 
782 
781 
780 

779 
778 

777 
776 

775 
774- 
773 
773 
772 
771 
770 

769 
768 
767 
767 
766 

7«S 

764 

763 
7M 

761 
760 
760 

759 
758 
757 

756 

755 
754 

753 

752 

752 

751 
750 

749 

749 
74« 
747 


D. 


lo* 

587004 

586533 
58606a 

58559* 

585122 

5X4653 

5«4«5 

583717 
583249 

582783 

5S23 1 6 
5S1850 

581385 
580921 
580456 

579993 

579530 
579067 

57S605 

578143 
577682 

577»»* 
576762 

S76303 

575844 
575385 
S749»7 

574470 
574«i3 
573SS7 
573101 
572646 
572191 

571737 
571*83 

570830 

570377 
569925 

569473 
569022 

568571 
568121 
567671 
567222 
566774 
566325 


D. 


9« 

428052 

4*8557 
429062 

439566 

430070 

430573 
43>075 

43»577 
432079 

432580 

433080 
433580 
434080 

434579 

435078 

435576 
436073 
436570 

437067 

437563 
438059 

438554 
439048 

439543 
440036 

4*0529 

4410^ 

441514 
442006 
442497 
442988 

443479 
443968 
444458 

444947 
4*5435 

4459*3 
44641 1 

446898 

447384 
447870 

449^^41 
449326 
449810 
450294 


842 
841 
840 

839 

S38 

838 
837 
836 

835 

834 


Cok 


10* 

571948 
57*443 
570938 

57C434 

569930 

569427 
568925 
568423 
567921 

567420 

[  566920 
8«  5664*0 

-  '5659«> 

5654*1 

56492'* 
564424 


831 

831 

830 

828 1 5!39*7 
828 


827 

826 
825 
824 
823 
823 
822 
821 
820 

819 
819 
818 
817 
816 
816 
815 
814 
813 

812 

812 
811 
810 
809 
809 
808 
807 
806 


563430 
$62933 

562437 
561941 
561446 
560952 
560457 
559964 
559471 
S5897« 
558486 

557994 
557503 
557012 

556541 
556032 

55554* 


555053  6230 
554565  6265 


55407' 


553589  6336 
553102  6371 
552616  6406 
552130  6442 
55^644  6477 
551159  6513 
•550674  6548 

55o»9«  65*4 
54^706  6619 


D.  1  Tang. 


Sec. 


lo-oi 


5056 
5090 
5124 
5i5« 

S19* 
5*26 

S«6o 
5*94 
53*8 
5363 
5397 
543» 
5465 
5500 

5534 

5568 

5603 
5637 

567* 

5706 

574« 

5776 


D. 


57 
57 
57 
57 
57 
57 
57 
57 
57 

57 
57 
57 
57 
57 
57 
S8 

58 

58 

58 
58 


5845  ll 

5880  5» 


S915 
5950 

5985 
6019 

6054 

6089 

6125 

6160 

6195 


6300 


Coa.  D. 


58 
58 
S8 

58 
58 
5^ 
58 
58 
59 
59 
59 
59 

59 
59 
59 
59 
59 
59 
59 
59 
59 


Cob. 

9-98  1' 

49-1-1- 
491. 

4876 

4«4« 

4808 

4774 
4740 
4706 
4672 

4^37 

4603 

4569 

4535 
4500 

4466 

4432 

4397 
4363 

43*8 

4294 

4259 
4224 

4190 

4155 

4120 

4085 
4050 

4015 

3981 
3946 
3911 
3875 
3840 
3805 
3770 

3735 
370c 
3664 
3629 
3  594 
3558 
352-3 
3487 
345* 
34*6 

33«« 
Sine 

Wi  Deg. 


MATHEIiATICAL 


15  j  D^. 


TABLE  Y.— Log.  Snraa,  Kca 


16|  Peg. 


1»  45 

46 

4-7 
48 

49 
50 
5' 
S» 
53 

«5  $4 

55 

56 

5« 
59 
16  o 
I 
ft 

16  3 
4 

I 

7 
8 

9 
xo 

XI 

16  IZ 

»3 

14 

15 
16 

17 
s8 

'9 

ftO 

16  IT 

22 

*3 
24 

*5 
26 

»7 
ftS 

29 

30 


ffine  D, 


433675 
434122 
434569 
435016 
435462 
435908 

436798 

437242 

437686 
43«n^ 

43S572 


746 

745 
744 

744 

743 
742 

741 

740 

740 


735 


739 

738 

.-^r. ,  ,1  737 
439- '4| 

439456 
439897 

440338 
44077s 
44121S 

441658 

442C96 

44*535 

443410 

443^47 
444284 
444720 

445155 


GoMe.    Tang.  ]>. 


5663x5  450294 
565878  450777 
565431  451260 
564984  4517+3 
564538  458««5 
564092  452706 
563647  453187 
563202  453668 
562758  454148 

562314  454628 
561871  455107 

561428  455586 
560986  456064 

15^544145654* 

457019 


445590 

446025 
446459 
446893 

447326 

447759 
448191 
44S6ft3 
4«0S4 


44^9 '5 
450345 
450775 
451204 

451632 
452060 

45HM 

45*915 
45334* 
Cos. 


734 
733 
732 

731 

731 
730 
729 
728 
727 
727 
726 

7*5 

7*4 

723 
723 
722 
721 
720 
720 
719 
718 

717 
716 

7x6 

715 
714 
713 

713 
71a 
71X 


560103 

559662 
559222 
558782 

558344 

557904: 

557465 
5570*7 

556590 
556153 

555716 
555280 

554845 

554410 

553975 
5S354I 
553107 
552674 
552241 
551809 

551377 
550946 

55^5^5 
55DC85 

549655 
549225 

548796 

548368 

547940 
547512 

5470« 
54665 

Sec. 


457496 

457973 
458449 

4589*5 

45940a 

459875 

4^349 

460823 
461297 
461770 
462242 
462714 

463186 
463658 
464129 

464599 
465069 


466008 
466476 
466945 

467413 
467880 
468347 
468S14 
469280 
469746 
470*11 
470676 
471 141 
47'6o5 

Cot. 


806 
805 
804 
S03 

802 
S02 
801 
800 

799 

799 

798 
797 
796 

796 
795 
794 
793 
793 

79* 
79X 

790 

790 

789 
788 
78S 

787 

786 

785 
785 
784 
783 


fl^-y  783 

465539  ,8, 


782 

780 
780 

779 
778 
778 

777 
776 

775 

775 
774 
77S 


Cot 


See. 


xo* 

549706 
5+9^^3 
548740 
548*57 
547775 
5472.94 
546813 

54633* 

545852 

54537* 

544893 

544414 

543936 
543458 

542981 

542504 
542027 

541551 

541075 
540600 
5401*5 
539651 

539177 
53^703 
53S230 

537758 
537*86 

536814 
536342 

535871 
535401 

534931 
534461 

533992 

5335*4 

533055 

53^5^7 
532120 

531653 

531 186 
53072c 
530254 

529789 

529324 
52S859 

5*^395 


lo-oi 


Tang.  Cob. 


6619 
6655 
6691 
6727 
6762 
6798 
6834 
6870 
6906 

6942 
6978 

7014 
7050 
7086 
7122 
7158 
7195 

7*3 » 
7267 

7304 
7340 
7376 

7413 

7449 
7486 

75*3 
7559 

7596 
7653 
7669 
7706 

7743 

7780 

7817 

7854 
7891 

79*8 
7965 
8002 

8039 
8076 
8114 
8151 
8188 
8226 
8263 


59 
59 

59 

60 

60 
60 
60 
60 

60 

60 
60 
60 
60 
60 
60 
60 
60 
61 

61 
6i 
6t 
61 

61 
61 
61 

61 
6t 

61 
61 
61 
61 
61 
62 
62 
6» 
6* 

62 
62 
62 

62 
62 
62 
62 
62 
62 


998 

3381 

I  c 

3345 

X4 

3309 

13 

3*73 

12 

3*38 

II 

3202 

10 

3166 

9 

3130 

S 

3094 

74  7 

3058 

6 

3022 

5 

2986 

4 

2950 

3 

2914 

2 

2878 

1 

2842 

7-4  0 

2805 

59 

2769 

73  58 

*733 

57 

2696 

56 

2660 

S624 

54 

2587 

53 

*55' 

52 

»5>4 

51 

2477 

5° 

2441 

73  49 

2404 

48 

2367 

47 

2331 

46 

2294 

45 

2257 

44 

2220 

43 

2183 

42 

2146 

41 

»t09 

73  40 

'2072 

39 

2035 

38 

1998 

37 

1961 

36 

1924 

1886 

35 

34 

1849 

33 

l8l2 

32 

>774 

31 

'737 

73  30 

Sine 

MATB£MATICAIi  TABLES. 


Peg. 


TABLB  T^Loo*  Bmaa,  ho. 


ITjPeg. 


16  30 

3J 
3* 

IT 
3+ 
35 
36 

37 
38 
16  39 

40 

41 
41 

4$ 

44 
45 
46 

47 

16  48 

49 
50 
51 

52 
53 
54 

55 
56 

16  57 
58 
59 

17  o 


3 
4 
5 

7 
8 

9 

10 
II 

IS 

13 
"4 
«5 


Bins 


«7 


91 

453 34^ 
453768 

454194 

454619 
455044 
455469 

455«93 
456316 

456739 

457162 

457584 
458006 

4584*7 
458148 

459268 
459688 
460108 
460517 

460^46 
461364 
461782 
462199 
462616 
463031 

463448 

463864 

464279 

464694 
465108 
465522 

465935 

46634S 

466761 
467173 
467585 
467996 

468407 
468817 
469427 

469637 
470046 

470455 

470863 

471271 
471679 

472086 


Cos. 


D.  Coaec  |  !faag.  !>• 


710 
710 
709 
708 

707 
707 
706 
705 
704 

704 
703 
70a 

701 
701 
700 
699 
698 
698 

697 
696 
695 
695 
694 
693 
693 
692 
691 

690 
690 

6?9 
688 
688 
687 
686 
685 
685 

684 
683 
683 
682 
681 
680 
680 
679 
678 


W 

546658 
546132 
545S06 

545381 
544956 

544531 
544107 
543684 

543261 

542838 
542416 
541994 

541573 

541 1 52 

540732 
540312 
539892 
539473 

539054 
538636 

538»i8 
537801 

537384 
536968 
53655* 

5^^-36 

5357*1 
535306 

S34«9^ 

534478 

534065 

53365^, 

533^39 
532827 

53*415 
532004 

531593 
531183 

530773 
530363 
5*9954 

5*9545 

5i9'37 
528729 

518321 
527914 


See. 


47 1 6c c 
472o6iS 

47»S3* 

47*995 
473457 

47  39 '9 

47438* 
474842 

475303 

475763 
476223 
476683 
477142 

477601 
478059 

478517 

478975 

479+3* 

479889 

480345 
480801 

481257 

48171a 

482167 

482621 

483982 

484435 
484887 

485339 
485791 
486242 
486693 
487143 
487593 
488043 
488492 
488941 
489390 
489S38 
490286 
490733 
491 180 
4916*7 
492073 


7di  Peg. 


773 
772 

77 » 
77» 
770 
769 

769 

768 

767 

767 
766 
765 
765 
764 

763 
763 
762 
761 

761 
760 

759 
759 
758 
757 

757 

7  5*^ 
755 

755 
754 
753 
751 

75* 
751 
751 

750 

749 

749 
748 
747 
747 
746 
746 

745 
744 
744 


5*8395 
5*7932 

5*7468 

527005 
526543 
5*6081 
5*5619 

5»5'58 

524697 

524237 

5^3777 
5*33»7 
5**858 

5*1399 

5*194* 
5*1483 

5*1025 

520568 


lO^I 


8263 
8301 
8338 

837s 
8413 

8451 

8488 

8526 

8564 

8601 
8639 

8677 
8715 

8753 
8791 
88«9 

8867 

8905 

i^i^ 
8981 

9019 

9058 

9096 


5*0111 

519655 
S10199 

5t»743 

518288 

5«7833l9»34 
517379  9173 

^ 1 69- c-92 1 1 

510471  9250 

5 I 601 8  9188 


515565 
515113 
514661 
514109 

513758 

513307 

51*857 
512407 

5"957 
511508 
511059 

510610 
510162 

509714 

509267 


9327 
9365 
9404 

944* 
9481 

9520 

9558 

9597 

9636 

9675 

9714 
9753 
979* 
9831 

9870 


D. 


O08. 


9-98 


62 

H 

63 

63 

63 
63 
63 
63 
63 

63 

63 

63 
63 

63 

63 
64 

04 

64 

64 
64 

64 
64 

64 

64 
64 

64 

64 
64 
64 
64 

65 
65 
65 

6s 

65 

65 
65 


5088201  9909 

$o«373  9948 

507927  9988 

TangTl  Cos.  ll>.l  Sine 


6S 

65 

65 
65 
65 


699 
662 
625 

587 

549 

512 

474 
436 

399 
361 

3^3 
185 

H7 

209 

171 

133 

095 

057 
019 
0981 
0942 
0904 
0866 
0827 

0789 
0750 
071a 

0673 
0635 
0596 
0558 

05»9 

0480 

0442 
0403 

0364 
03»S 
0286 
0147 
0*08 
0169 
0130 
0091 
0052 
0012 


Peg. 


UATHEIIATIGAL  TABLES. 


n\  Deg. 


TABLE  y^LoaSms,  etc. 


18  Deg. 


17  15 

16 

17 
iS 

19 
ao 
»i 

»3 
17  H 

4I 

27 

S9 

30 

3» 
3« 

17  33 
34 

35 
36 

3« 
39 
4« 
4« 

174* 

43 

44 

ti 

47 
48 
49 
so 

17  51 

5» 

53 
54 
55 
56 
57 
5? 

59 
60 


2J- 
72086 

71492 

7»S9S 

73304 

73710 

74"  5 
74519 

749*5 
753*7 

75730 
76133 

76536 

7693S 

7734° 

7774^ 

78142 

7854a 
78944 

7934* 

79741 

80140 

80539 
80937 
SIS34 
8173 1 

8»s»5 

82921 
83316 
83712 
84107 
84501 

M95 
85289 
8568% 

86075 

S6467 
8686c 
87251 
87643 
88034 

88424 
88814 

89204 

89593 
89982 

Gob. 


Ti.  COHCC: 


678 
677 

676 
676 
675 

674 
674 

673 

672 

672 
671 

670 

669 
669 

668 
6C-- 
667 
666 

66$ 
665 
664 
663 
663 
66« 
661 
661 
660 

659 
659 
658 

657 
657 
656 

655 

655 

654 

653 

653 
65* 
651 

651 

650 

650 
649 
648 


jr 

49»073 

492519 

492965 
493410 

493*54 
494«99 

494-743 
495186 
495630 

496073 

496515 

496975 

497399 

497841 

49S282 
498722 

499563 
499603 

500042 
500481 

5«359 
501797 
502235 
50*672 
503109 
5^354^, 
503982 
50441 8 
504854 
505289 
505724 
506159 
506593 
507027 
507460 

507893 
508326 

508759 
509191 
509622 
510054 
510485 
5 1 og 1 6 
511346 

  5"776 

SceTt  Ooi 


27914 
»7So8 

47102 

26696 
26290 
25885 
25481 
25077 
24673 

24270 
23867 
23464 

23062 
2266c 
22259 
21S58 
21458 
^1058 

•0658 

so»59 

9860 
9461 

9063 

8666 
8269 
1787a 

7475 

7079 
6684 
6288 

5893 

5499 
5105 

471 1 

4318 

3925 

3533 
3140 
%749 

12357 

1966 
1576 
1186 

0796 

04,07 


JK  Cot. 


743 
743 

742 
741 
740 

740 

740 

739 
738 

737 

737 
736 

736 

735 

734 

734 

733 

733 

73^ 
731 

731 

730 

730 
729 
728 
72S 
727 

727 
726 
725 
725 
724 
724 
723 
722 
722 

721 

721 

719 
719 
718 

718 
717 
716 


10' 

5079*7 

507481 

507035 
506590 
506146 
505701 
505257 
504814 
504370 

503927 

503485 

503043 

502601 

502159 
501718 
50M78 
500837 
500397 

499958 
499519 
499080 
498641 
49S203 
497765 

4973»* 
496891 

496454 

496018 
495582 
495146 
494711 
494276 
493841 

493407 

492973 

492540 

492107 
491674 
49 I 241 
I  490S09 
4^0378 
489946 
489515 
489084 
488654 
488224 


Sec, 


lO'O 

19988 

20C27 
ZO066 

9M>I05 
SOI  45 

SOI  84 
20224 
20263 
10303 

20342 
20382 
20421 

20461 
20501 

20541 
10580 
S0620 
20660 

20700 
20740 
20780 
3o8so 
S0860 
20900 
20941 
aojSi 
21021 

2io6i 

SIIOS 

21142 
2II83 
21223 
21264 
21304 

21345 
2x385 

21426 

21467 
21507 

21548 

21589 

21630 
2I67I 

2I7I2 

21753 

2 1 794 


T>.  Coe, 


65 

65 

66 
66 
66 
66 
66 
66 
66 

66 
66 

66 

66 
66 
66 
66 
66 
66 

67 
67 
67 

67 

67 
67 

^ 

67 

67 

67 
67 

67 
67 

67 
67 

68 
68 

68 

68 
68 
68 
68 
68 
68 
68 
68 
68 


99 
8001S 

79973 
79934 

7989s 

79855 
79816 

79776 

79737 
79697 

79658 
79618 

79579 

79539 

79499 

79459 
79420 

79380 
79340 

79300 

79*60 

79220 
79180 
79140 

79100 

79«59 
79019 

78979 

78939 

78898 

78858 
78817 

78777 
78736 
78696 
78655 
7861S 

78574 
78533 
78493 
7845* 
7841 1 
78370 
78329 
78288 

78247 
78206 


n.  Sine 


72;  Dog. 


MATBEMATLOMi  TAMSiEB, 


18  Peg. 


TABLiiil  v.— Log.  Sam,  Bia 


18|  Deg. 


9 
lo 

1 1 

J  2 

H 

15 
16 

17 

18  18 

>9 

20 

zi 

£2 

*J 

24 

25 
26 

18  27 
»8 

»9 
30 

31 
3a 

33 

34 
35 
18  36 
37 
38 

39 

40 

41 

42 

43 
44 
45 


Sine 


21 
489982 

49037* 

490759 

491147 

49^535 
491922 

492308 

492695 

493081 

493466 

4-93*^51 
494Z36 
494621 
495005 

495388 
495772 
496154 

496537 
496919 
497301 

4976S2 
498064 
498444 

498825 

499«04 

499584 

499963 

500342 
500721 

501099 
501476 
5*^1854 
502231 
50S607 
502984 
503360 

50373s 

5041 10 

504485 
504860 

505134 
505608 
505981 

506354 
506727 

507099 


D. 


Gosec.  j  Tang. 


Cos. 


lo- 

510018 
509629 

509*41 

508853 

508465 
508078 

507692 
507305 
506919 

506534 
506149 
505764 

505379 

504995 
50461a 

504228 

503846 

503463 

503081 

636  50^699 

6  6i  5^^-318 
501936 

501556 

501J75 

500796 

50G416 

500037 

499658 
499279 
498901 

4985*4 

498146 

497769 

497391 

497016 

496640 

496*65 

495890 

495515 
49S'40 

494766 

49439» 
494019 

.193646 

4^3273 
492901 


648 
648 

647 
646 
646 
645 
644 
644 
643 

642 
642 
641 
641 
640 
639 
639 
638 
637 

637 


°5? 
634 

634 

631 

631 

632 

631 
631 
630 

629 
629 
62S 
628 
627 
626 

626 
625 
625 
624 
623 
623 
622 
6zz 
621 


21 
1776 

a«35 

3064 

3493 
3911 

4349 
4777 
5204 

5631 
6057 
6484 

6910 

7335 
7761 

8185 
8610 
9034 

9458 
9882 
20305 
20728 
21151 

21573 
21995 

22417 

22838 

23259 
23680 
24100 
24520 

24939 

*S359 
25778 

26197 

26615 

5*7033 
17451 
27868 
»8s85 

28702 
291 1 9 

1*9535 

29950 
30366 
30781 


Di 


CM. 


716 
716 
715 

714 
714 
713 
713 
7x2 

7T» 

711 
710 
710 
709 
709 
708 
708 

707 
706 

706 
705 

705 
704 
703 
703 

703 
70Z 

702 

701 
701 
700 

699 
699 
698 
698 
697 
697 

696 
696 
695 

69s 

694 

693 
693 
693 
692 


Ooi 


Sec.  D*  Cos. 


tcr 

488224 
487794 
487365 

486936 

4S6507 
486079 

485651 
485223 
484796 

484369 

483943 
483516 

483090 
482665 

482239 
481815 
481390 
480966 

480542 
480118 

479695 
479272 

47M49 

478427 

478005 

477583! 
477162 

476741 
476320 

475900 
475480 
475061 

474641 
+74222 
473803 
473385 

472967 

47^549 
472132 
471715 

471298 
47088 1 

470465 
470050 
469634 
469219 


I0-02 


*794 
1835 
1876. 

1917' 

1958 

1999 
2041 

2082 

2123 

2165 
2206 
2248 
2289 
2331 
2372 
4414 
2456 
2497 

2539 
2581 

2623 
2665 
2707 
2749 
2791 
^833 
2875 
2917 
2959 
3001 

3043 
30S6 

3128 

3170 

32x3 

3*55 
3298 
3340 
33«3 
34*6 
3468 

3511 
3554 
3596 

3639 
3682 


D.   Twath  Cob. 


68 

68 
68 

69 
69 
69 
69 
69 

69 
69 

69 

69 

69 

69 
69 
70 
70 

70 
70 
70 
70 

o 


70 

7 
7 
7 
7 

7 
7 
7 
7 


IB. 


9-97 

8so6 
8165 
8124 
8083 

8042 

80C1 

7959 
7918 
7877 

7^35 
7794 

775» 

7711 

7669 

7628 
7586 

7544 
7503 

7461 

7419 
7377 
7335 

7*93 

7251 

7209 
7167 
7125 
7083 
7041 
6999 
6957 
6914 
6872 
6830 
6787 

6745 
6702 
6660 
6617 

6574 
6532 
6489 
6446 
6404 
6361 
6318 


Si 


me 


nj  Peg. 


MATHEIfATICAL 


TABLE  v.— Loa.  Sinks,  ktc. 


19^  Peg. 


18  45 
46 
47 
+8 

49 
50 
5' 
5* 
53 

18  54 

^1 
5« 

57 

58 

59 

19  o 
I 


19 


3 

4 

5 
6 

7 
8 

9 
10 


19  xz 

»3 

14. 

11 

>7 
iS 

22 

*4 

28 

»9 
30 


51 

507099 

507471 

507843 
508214 
508585 
508956 
509326 
509696 

510434 
510E03 

511172 
51 1540 
511907 
512275 
512642 
513009 
513375 

51374' 
514107 

514472 
5i4«37 
515202 

515566 

315930 
516294 
516657 

517020 

517382 

517745 
518JO7 
518468 
518829 
519190 
5J955' 
5>99" 

5M»7i 

520631 
520990 

5»»349 
5*1707 
5»io66 

522424 
522781 
5*3 »38 

5^3495 
Cob. 


620 

620 
619 
619 
618 
618 
617 
616 
6t6 

615 
615 
614 
613 
613 
612 
612 
611 
611 

610 

609 
605 
608 
608 
607 
607 
606 
605 

605 
604 
604 
603 
603 
602 
60 1 
601 
600 

600 

599 

599 
598 

598 

597 
596 

596 

595 


10' 

492901 
492529 
492157 
491786 

49 141 5 
491044 
490674 

490304 
4*9935 

4S9566 
4S9197 
488828 
488460 
488093 

45^7725 
4873 5S 

486991 

486625 

486259 
485893 

485528 
485163 

4«479» 

484434 

484070 


Taag. 


9: 

530781 
531196 

53IMI 

532025 

552439 
532853 
533266 

533679 
534*9* 

534504 
534916 

535318 
535739 
536150 

536561 
536972 
537382 
537792 

538202 
538611 

539020 

5394*9 
539837 

540245 
540653 


483706)  541061 


483343 
482980 

482255 
481893 

481532 
48 1 1 71 
480810 
480449 
480089 

479729 
4-9-569 
479010 
478651 
478293 

477934 
477576 
477219 
4768612 
476505 
See. 


541 46;^ 

541875 
542281 

5426S8 
543094 

543499 
543905 
5+f3«o 

544715 
5451 19 

5455H 
545928 

546331 
546735 
547138 
547540 

547943 
548345 

S4«747 
549H9 


691 
691 
690 
690 
689 
689 
688 
688 
687 

687 
686 
686 
685 
685 
684 
684 
683 
683 

682 

6gz 

6S1 
681 
680 

680 

679 

679 
678 

678 

677 
677 

676 

676 

675 

075 

674 

674 

673 
673 
672 
672 
671 
671 
670 
670 
669 


469219 
468804 
468589 

+67975 
467561 
467147 
466734 
406321 
465908 

46540^^ 
465004 
464672 
46426 I 
463850 

463439 
463028 

462618 

462208 


Roe. 


lO'OX 

36S2 


38II 
3854 
3897 
3940 

39»3 
40S6 

1070 

4156 
4200 
4243 
4286 
4330 
4373 
4417 


D.  Ooa. 


46179814461 

389  4504 

460980!  4548 


460571 
460163 

459755 
459347 


4592 

4635 
4679 

47*3 


45S939  4767 


458532 
458125 


4811 
4855 


4577191  4899 

4573"!  4943 
456906  4987 

456501'  5031 

456095  5075 

455690  5120 


455285 
454881 

454476 


5164 
5208 

5*5» 


454072;  5297 
453669!  5341 
453265  5386 


452862 
452460 
452057 
451655 

451253 
450851 

Tang. 


5430 
5475 
5519 

5564 

5609 

5653 
Cofl. 


9'97 

6318 
6275 
623SI 

6189 
6146 
6103 
6060 
6017 

5974 

5930 

5887 

5844 
5800 

5757 
5714 
5670 
5627 

5583 

5539 
5496 

545^ 
5408 

5365 

5321 

5177 

5233 
5189 

5145 

5  IG  I 

5057 
5013 
4969 

4925 

4880 

4836 
4792 

4748 

4703 
4659 

4614 
4570 

4525 
4481 
4436 
4391 

4347 

,D.  Sioe 


71 
71 
72 
72 

?2 
72 

7* 

7* 

72 


72 
',72 
172 
73 
173 
73 

73 

73 
73 
73 
73 
73 

73 
73 

73 
73 
73 
73 
74 
74 
74 
74 
74 

74 
74 

74 
74 
74 
74 
74 
74 
74 


7Qi  Peg. 


MATHEMATIGAL  TASLBB, 


I9i  Peg. 


TAfiLX  Vv— Loo.  Bona,  wl 


SO^Deg. 


o  / 

Sine  1 

9* 

19  30 

5*3495 

31 

5*385* 

$» 

524208 

33 

5*4564 

34 

52492^ 

35 

5*5*75 

36 

38 

^        J  J  y 

»9  39 

516693 

40 

527046 

41 

5274C0 

4a 

527753 

43 

52S105 

44 

4? 

5sS8io 

46 

• 

529161 

47 

1:29 1;  r  3 

19  4« 

529804. 

49 

530AI5 

5305^5 

5» 

530915 

5a 

.,31265 

53 

531614 

cc 

19  57 

533009 

58 

533357 

59 

533704 

ao  0 

534052 

I 

534399 

11 

534745 

3 

53509* 

5 

5357»3 

zo  6 

536129 

7 

536474 

8 

536818 

9 

537163 

10 

537507 

II 

537851 

12 

538194 

13 

538538 

14 

539223 

Coe. 

704  Peg. 


595 
594 

594 

593 

593 
592 

59» 

591 

590 

590 
589 
589 
588 
588 
587 

587 
586 
586 

5«5 

585 

584 

584 

583 
582 

5S2 

581 

581 

580 
5*0 

579 
578 

577 
577 
577 

57$ 

57« 

575 
574 

574 
573 
573 
57* 
57* 
57J 
571 


D. 


Coaec.  I  Tang.  D. 


10*  9* 

476505'  549H9 
476148  5495io 


47579* 

475436 
475080 

474725 
474370 
474016 

473661 

473307 
47*954 
472600 
472247 
47189s 
47i54» 


47"90  555139 


470839 
4.70487 

470136 
469785 
469435 
469085 
468735 
468386 
468037 
467688 
467339 
46699 1 
466643 
466296 
465948 
465601 
465255 
464908 
464562 
464117 

463S71 

463526 
463182 

462837 
462493 
462149 
461806 
461462 
461120 
460777 

Sec. 


549951 
550352 

550751 
55115* 
55155* 
55'95i 

55*75° 
553149 
553548 
553946 
554344 
554741 


555536 
555933 
556329 

5567*5 

557121 

557517 
557913 
558308 
558702 
559097 

55949* 

559M5 

560279 

560673 
561006 
561459 
561851 
562244 
562636 
563028 

563419 

563811 

564202 

564592 
564983 

565373 
565763 
566153 
566542 
566932 

Cot. 


669 
668 
668 

667 
667 
666 

666 
665 

665 

665 
664 
664 
663 
663 
662 
66a 
661 
661 

660 
660 

659 

659 

659 

658 

658 

657 

657 

656 

656 

655 
655 

654 
654 

653 

653 

653 

652 
651 

651 
650 

6i;o 

649 
649 


Cot. 


Sea  ID, 


ID- 

450851 

450450 

45-"-4v 
449648 
449248 
448848 
448448 

448048 

447649 

447*50 
446851 

4464 
446054 

445656 

445259 

444861 

444464 

444067 

443^71 

443*75 

442S79 

4-r-'-t-'^3 

442087 
44169a 
441298 

440903 
440509 

440II5 

439721 

439327 
438934 
438541 
438149 
437756 

437364 
436974 

«65«i 

436189 

435798 
435408 
435017 
434627 

+  i4-'i7 
433'»47 
433458 
433068 


10^ 


Tang. 


5653 
5698 

5743 

5788 

5833 
5878 

59*3 
5968 

6013 

6058 
6103 

6-8 
6193 
6239 
6284 
6329 

6375 
6420 

6465 

6;:i 

66ci 
6648 
6%3 
6739 
6785 
6831 

6I76 

6922 
6968 
7014 
7060 
7106 
7152 
7198 
7H5 

7»9« 

7337 
7383 

7430 
7476 

7522 

7bi5 
7662 
7709 


Cos. 


Cos. 


75 
75 
75 

75 
75 
75 
75 
75 
75 

75 

'75 
75 
75 
75 
76 
76 
76 
76 

■'S 
■.-6 
76 
76 
76 

76 

76 

76 

77 
77 
77 
77 
77 
77 
77 

77 
77 

77 

77 
77 
77 
78 
78 
78 


?27 

4347 
430* 

4*57 
421a 

4167 

4122 

4077 
403a 

3987 

394* 
3897 

3852 
3807 

3761 
3716 
3671 

3625 
3580 

3535 
3489 

3444 

339* 
335* 
3307 
3«6i 

3*«5 
3i<9 

3»a4 

3078 
3032 
S986 
2940 
2894 
2848 
280a 
»7SS 

2709 
2663 
2617 
2570 
2524 
2478 

*43i 
2385 

2338 

2291 

Sine 


69|  Di 


MATBEUATICAL  TifLBB. 


20i  Deg. 


TABLE  Y.— Log.  Smra,  ma 


21  Deg. 


0  ' 

Sine 

AO  ^5 

lO 

cioc6c 

IT 

J8 

540249 

*9 

540590 

zo 

540931 

»i 

541*7* 

CJI.1613 

23 

541953 

30  S4 

Ca  7.'?  0 1 

»5 

541032 

26 

»7 

5433»o 

a8 

543649 

so 

543987 

30 

544325 

31 

544663 

3* 

545000 

20  33 

54533'' 

^  A 

34 

3Ta"/4 

35 

S400II 

36 

546347 

37 

546683 

3S 

547019 

39 

547354 

40 

547689 

41 

548024 

ZD 

<;j.86q7 

44 

JT7  / 

549360 

549^93 

47 

550026 

48 

550359 

49 

55069* 

50 

551024 

55>356 

5* 

551687 

S3 

552018 

54 

552349 

^1 

552680 

56 

553010 

57 

553341 

553670 

554000 

5543*9 

570 

570 
569 

569 

568 

5^ 

567 

566 

566 

565 
565 
564 
564 

563 

563 
562 
562 

561 

561 
560 
560 

559 
559 

558 

ss« 

557 

557 
556 
556 
555 

555 
iS+ 
554 
553 
553 

55^ 
55* 
55* 
551 
55» 
550 
550 
549 
549 


Coeec.  Tang. 


lO* 

460777 

460435 
460093 

459751 
459410 

45306 

4587*! 

458387 

458047 

457707 
457368 
457029 
456690 

45635* 
456013 

455675 

4S5J37 
455000 

454662 
454326 

453989 
453653 
453317 
452981 
452646 
452311 
451976 

451641 

451307 

450973 
450640 

450307 

"'74' 

449641 
449308 
448976 

448644 

448313 
447082 

447651 

447320 
446990 
446659 

446330 

446000 

445671 


D. 


Sec. 


91 
566932 
567320 
567709 
568098 
568486 

568873 
569261 

t;  69  648 

S7^-'35 
570422 

570809 

57"95 
571581 

571967 

57*35 

57^738 
573123 

573507 

573'?92 
574276 

574660 

575<544 
575427 
575810 

576193 
576576 

57695a 

57734» 

5777*3 
578104 
578486 

578867 

579248 

579629 
580009 
580389 

580769 
581149 
581528 
581907 
582286 
582665 
583043 

583422 
58380G 

584177 


Got.  D. 


648 

648 
647 

647 
646 

646 

64s 
645 

645 
644 

644 
643 

643 
642 
642 
642 
641 
641 

640 
640 
639 

639 
639 
638 
638 
637 
637 
636 
636 
636 
635 

635 

634 
634 

634 

633 

633 
632 
632 

632 
631 
631 
630 
630 
629 


Col. 


Sec.  ID.  Cos. 


lo- 

433068 
432680 
432291 
43190* 

431514 
431127 

430739 
43035* 
4*9965 

4*9578 

429191 
428805 
428419 
428033 
427648 
427262 
426877 
4*6493 

426 I oS 
425724 

4*5340': 

424956, 

4245 73| 
424190] 

423807 

4*34*4 

423042 

422659 
422277 

421896 
421514 
421133 

420752 
420371 
419991 
419611 

419231 
418851 
418472 
418093 
417714 

41733s 
416957 

416578 

4x6200 

4'5«*3 


1002 


7709 

7755 
7802 

7849 
7895 
794* 
7989 
8036 
8083 

SE30 

8177 
8224 

8271 
8318 

8365 
8412 
8460 
8507 

S554 
8602 
8649 
8697 
8744 
8792 
8839 

my 

8934 

8982 

9030 

9078 
9126 

9»73 

9221 

9269 

9317 

94^4 
9462 

9510 
9558 
9606 

9655 
9703 

975^ 
9800 

9M 


78 
78 

78 

78 
78 

78 
78 
78 

7» 

78 

78 

78 

79 
79 
79 
79 
79 
79 

79 

79 
79 
79 
79 
79 
79 

79 
80 

80 
80 
80 
80 
So 
80 
80 
80 
So 

go 

80 

80 
80 
80 
81 
81 
81 
it 


Ooa. 


D. 


997 


2291 

2245 
2198 
2151 
1105 
«05l 
201 1 
1964 
1917 

1870 

1823 
1776 

1729 
1682 

1635 
1588 

1540 
1493 

1446 

139S 

1303 
1256 
1208 
1 161 
1113 
1066 

1018 
0970 
0922 
0874 
o8a7 
0779 
0731 
0683 
0635 

0586 
0538 

0490 

044* 
0394 

0345 
0297 
0249 
0200 
015s 


Stae 


69  Deg. 


100 


ICATHEHATIGAL  TABLES. 


21  Deg. 


TABLE  v.— Log.  Sines,  Era 


9 
lo 

II 

12 
13 

;i 

%i  li 

19 
20 

SI 

»s 

13 

»4 

»S 

a6 

21  zj 
%Z 

*9 
fo 

31 
32 

33 
34 
35 
ai  36 
37 
38 
39 
4c 
41 
4» 
43 
44 
45 


Sine  D. 


1} 

54S29 

54658 

54987 

55315 

55643 

5S?7» 
56299 

566x6 

5*953 

57280 
57606 

5793* 

58258 

58583 
58909 

59*34 
59558 
59883 
60207 
60531 
60855 
6117$ 
61501 
61824 
62 146 
6146S 
62790 

63112 
63433 

63755 

6407s 
64396 
64716 
65036 
65356 
65676 

6S995 
66314 

66632 

66951 

67269 
67587 
67904 

68222 

68539 
68856 


ai|  Peg. 


Goa. 


69  D^. 


548 
548 

547 

547 
546 

546 

545 

545 
544 

544 
543 

543 

543 

54* 
54« 

541 
541 
540 
540 

539 
539 

"I 

53« 

537 
537 
536 

536 

53« 

535 
535 
534 
534 
533 
533 
S3* 
53^ 

531 
531 

531 

530 

530 
529 
529 

528 


Cosec 


io'4 

45671 

45342 

45013 
44685 

44357 
440*9 

43701 
43374 
43047 
42720 

4*394 
42068 
41742 
41417 
41091 
40766 
40442 
40117 

39793 

39469 

39145 
38822 

S«499 

38176 

37854 

3753* 
37210 

36888 

36245 

359^5 
35604 
35284 
34964 
34644 
343*4 

34005 

336S6 

33368 

33049 
32731 

32413 

32096 

31778 

31461 

31144 


Tang.  D. 


8«c 


X 

5«4>77 

584555 
58493* 
585309 
585686 

586062 

586439 
586815 
587190 

587566 

588316 
588691 
589066 
589440 
589814 
5901S8 
590562 

590935 
591308 

591681 
592054 
592426 
592798 
593*71 
59354* 
593914 
594285 
594656 
595027 

595398 
59576S 

596138 
596508 
596878 
597*47 
597616 

597985 
598354 
598722 

599091 

599459 
599827 
600194 
600562 

600929 

Got 


629 

629 
628 
628 
627 
627 
627 
626 
626 

625 

625 
625 
624 
624 

623 
I  623 
623 
622 

622 
622 

621 

621 
620 
620 
619 

619 
618 

618 
618 
617 
617 
617 
616 
616 
616 
615 

615 
615 

614 

614 
613 
613 
613 
612 
61S 


Cot. 


4«5»»3 

415445 

415068 
414691 
414314 
413938 

413561 
413185 
412S10 

412434 
412059 
411684 
411309 
410934 
410560 
410186 
40981* 
409438 

4090<S 
408692 

408310 

407946 

407574 
4C72.02 

406829 

406458 

406086 

405715 
495144 

404973 
404602 
404232 
403862 
403492 
403122 
402753 

402384 
402015 

401646 
401278 
400909 
400541 
400173 
399806 

399438 
39907' 


Sec. 


lO'O 


»9«48 

29897 

*9945 
29994 

30043 

3C091 

30140 

30189 

3<»3§ 

30286 

30335 
30384 

30+33 
30482 
30531 
30580 
30630 
30679 

30718 
30777 
30827 
30876 

30925 

30975 
31024 
31074 
31123 

31173 
3"*3 

31272 
31322 

3>37* 
31422 

31472 

31521 
31571 
3 1 62 1 
3 1 671 
31722 

3177* 
31822 

31872 
31922 

3'973 
32023 

3»073 


D. 


81 
81 
81 
81 

81 
81 
81 
81 
81 

81 
81 
82 
82 
82 
82 
82 
82 
82 

82 
82 
82 
82 

82 

8 
82 
83 
83 

83 
83 

83 
83 
83 
83 

83 
83 
83 
83 

«3 

83 
84 
84 
«4 

84 

84 

84 


C03. 

~21 

70152 

70103 

70055 

70006 

69957 

69909 

69860 
69811 
69762 

69714 

69665 
69616 

69567 
69518 

69469 

69420 
69370 
69321 

69272 
69223 

^"73 

69124 

69075 
69025 
68976 
68926 
6S877 

68827 
68777 
68728 
68678 
68628 
68578 
68528 
68479 
68429 

68379 
68329 
68278 
68228 
68178 
68128 
68078 
68027 
97977 
679*7 
Sine 


681  Peg. 


liATHEBIATIGAL  TABLES; 


101 


21|  Deg. 


TABLE  v.— Loo.  Snoia,  kk. 


Deg. 


ai4S 

46 

47 
48 

49 

50 

5» 
5» 
53 

21  54 
55 
56 
57 
58 
59 

aa  o 

2 


4 
5 

6 

7 
8 

9 
10 

II 

22  12 

13 
14 

»S 

16 

»7 
18 

19 
20 

22  St 

22 

»3 
a* 

25 
26 

27 
28 

»9 
30 


Sine 

~X 
568856 

569172 
56948S 
569804 
570120 

570435 
57C751 
571066 
571 380 

57"695 

572009 

572313 
57x636 
57*950 

573163 

57357? 
573S88 
574200 

574?i2' 
574824 

575»3« 

575447 

57^ 

57*379 
5766 89 

576999 

577309 
577618 

5779*7 
578*36 

578545 
578853 
579162 
579470 
S79777 
580085 
580392 
580699 
$8100$ 

5^19*4 
582229 

58*535 
582840 

"Coil 


D. 


528 

5^7 
527 
526 
526 

5^5 

5^5 
524 

5*4 

5*3 

523 

523 
522 
$%z 

521 

521 
520 
520 

519 
5*9 


Cosec, 


5> 

19 

5' 

8 

51 

8 

5> 

7 

5 

7 

51 

16 

5' 

6 

S' 

[6 

51 

t5 

51 

'5 

51 

'4 

5 

14 

51 

t3 

5= 

'3 

5 

'3 

5 

2 

5 

5 

[  I 

5> 

11 

51 

rr 

S 

0 

i> 

10 

43II44 
430828 

430S'2 


42611a 


Tang. 


91 
600929 
6012961 j 
601662 


430196  602029 
429880  60S395 
429565  60*761 
429249  603127 
4*8934  603493 
4^8610  603858 

4*8305  6041*3 

427991 
427677 

427364 
427050 
426737 


604588 
604953 
605317 
605682 
606046 
426425  606410 


606773 


4*5800  607137 

4254?!?  607500 
425176  607863 
424864  608225 


509 

5=9 
509 


4*4553 
424242 

423931 

423621 

4*33" 

423001 

422691 
42338* 

422073 
421764 
421455 
421147 
420838 
420530 
420223 

I 419915 
419608 
41 9301 
41899$ 
418688 
418382 
418076 

41 7771 
417465 
417160 


60858S 
608950 
6093 1 2 
609674 
610036 
610397 

610759 

61 1 ISO 

61 

61 IH41 
6I220I 
6I256I 
6I292I 
613284 
6 1 3641 

614000 

614359 
614718 
615077 

6r5435 

^15793 
616151 

616509 
616867 
617224 


6ii 


611 
610 
610 

610 

609 
609 
609 

608 

608 
607 
607 
607 
606 
606 
606 
605 

605 
604 
604 
604 
603 
603 
603 
602 
602 

602 

601 

'.:0I 
601 
600 
600 
600 

599 
599 

598 

598 
598 

597 
597 
597 
596 
596 
596 


Cot.  Sec. 


lO" 


i0'O3 


399071! 2073 
398704! 2124 


398338 

39797* 
397605 

397*39 


»»74 
***5 
2275 

2326 


396873: 2376 


396507 
39<i4* 

395777 

395412 

395^47 
394683 
394318 

393954 
393590 
393227 
392863 

392500 
392137 

391775 

391412 

391050 
390688 

3903*6 
389964 

389603 

389241 
388880 

3S8520 
388159 

387799 
387439 

387079 
386719 

386359 

386000 

38564T 
38528Z 
3849*3  407* 


384565 
384207 
383849 
383491 

383133 
382776 


Tang, 


2427 
*478 

»5*9 

*579 

2630 
2681 
2732 
2783 
28  34 
2885 
2936 

2987 

3039 
3090 
3141 
3192 

3*44 

3*95 

3347 
3398 

3450 

3501 

3  5  53 
3605 

3656 

3708 

3760 

3812 
3864 

3915 
3967 

4019 


4124 
4176 
4228 

4280 

4332 
4385 


D. 


84 
84 

«4 
84 

84 

84 

84 

84 

8? 

85 

85 
85 
85 
85 

8<; 
85 
85 

85 
85 
85 
85 

u 

86 

86' 
86 

86 
86 
86 
86 
86 
86 
86 
86 
86 


87 

87 

«7 

87 

87 
87 

87 
87 


Cos.  D. 


Cos. 

9-96 

79^7 
7876 
7826 

7775 

7725 

7674 

7624 

7573 
75** 

7471 

74*  I 

7370 

7319 
7268 
7217 
7166 
7115 
7064 

7013 
6961 
6910 
6859 
6808 
6756 
6705 
6653 
6602 

6550 
6499 

6447 

^395 
«344 
6*9* 

6240 

6188 
61 36 

6085 
6033 

5981 
59*8 

5876 
5824 
5772 

5720 
5668 
5615 
Sine 


68 


68 


15 
14 
ij 
I* 

II 
10 

9 
8 

7 

6 

5 

4 

3 
2 
I 

o 

59 
«7  58 

57 
56 
55 
54 
53 
5* 
51 
50 
6749 

48 

47 

46 

45 
44 

43 

42 

41 
67  40 

39 


37 
36 
35 
34 
33 
3a 
31 
30 


67 


MATHEMATICAL  TABLE& 


TABLB  v.— Loo.  Stoes,  «ra 


O  1 

Sine 

21 
582840 

583145 

$» 

583449 

13 

583754 

34- 

584058 

li 

5»43t)i 

3* 

5S4DO5 

37 

-  0  ^     ^  IT 
5541^  0  ,N 

38 

585272 

X2  39 

585574 

40 

585877 

41 

586179 

586482 

43 

586783 

44 

587055 

4 1 

S  'N  ;    ,  .  1  0 

A  ft 

50/ Odd 

47 

5979S9 

22  48 

588289 

49 

588590 

so 

588890 

SI 

589190 

s» 

589489 

53 

5*9/ °9 

54 

55*-'^  "  " 

55 

590357 

56 

590686 

22  57 

590984 

58 

591282 

S9 

591580 

23  0 

591878 

I 

592176 

2 

59^-^"  3 

i 

592770 

4 

59J<^7 

5 

593363 

23  6 

591^59 

7 

593955 

8 

594*51 

9 
10 

594S47 
594H* 

1 1 

595137 

iZ 

59543^ 

13 

595727 

14 

596021 

15 

596315 

Cos. 

508 
508 

507 

507 
506 

506 

506 

504 

504 
503 
503 

503 

501 

502 
501 
501 

501 

500 
500 
499 
499 
499 
498 
498 
497 

497 
497 
496 
496 
495 
495 
495 
494 
494 

493 
493 

493 

492 

492 

49' 
491 
491 
490 


B. 


417160 

4*6855 

416551 

416246 
415942 
415639 

415335 

41  y::.^2 
414728 

4t44s6 

414123 
413821 
413518 
41 3217 
412915 
412614 

41431a 
4iaotx 

411711 
41 1410 
41 1 1 10 

410810 
410511 
410211 
4099 12 
409613 
409J14 

409016 
408718 
408420 
408122 
407824 
407527 
407230 
406933 
406637 

406341 

406045 
405749 

405453 
405158 

404863 

404568 

404273 

403979 
40368s 


See. 


Taog. 


D. 


r 

617224 
617582 

617939 
618295 
618652 
619008 
619364 
6197ZI 
620076 

620432 

620787 
621142 
621497 
611852 
6t»so7 
622561 
622915 
621269 

623623 

623976 
624330 
624683 
625036 
62538S 
625741 
626093 
6e6H5 
626797 
627149 
627<oi 
627552 
628203 
628554 
628905 
629255 
629606 

629956 
630306 
630656 
631005 

63135s 
631704 
632053 
632401 
631750 
633098 


Cot  IX 


595 
595 
595 
S94 
594 
594 
593 
593 
593 
59a 

59* 

59* 

591 

59^ 
590 

590 

590 
589 

589 
5S9 
588 
588 
588 
587 
587 
587 
586 

586 
586 

5«5 

585 
585 

5«5 

584 

584 

583 

583 

583 

583 
582 

582 

582 

581 

581 

581 


Cot 


lO* 

382776 
382418 
382061 
381705 
38134S 
380992 
380636 
380279 
3799H 
379568 
379213 
378858 

378503 

378148 

377793 
377439 
377085 

37<73» 

376377 

376024 

375670 

375317 
374964 

374612 

374*59 
3739<»7 
373555 

373203 
372851 

37*499 

372148 

371797 
371446 

371095 

370745 

370394 

370044 
369694 

369344 
36890s 

368645 
368296 

367947 

367599 
367250 

366902 


Taag. 


See. 


10*03 


4385 

4437 
4489 
454* 

4^94 
4647 

4699 

475* 
4805 

4857 
4910 

4963 

5016 
5069 
5121 

5174 
5**7 
5ft8i 

5334 

5387 
5440 

5493 
5546 
5600 

5653 
5706 

5760 

5813 
5867 
5920 

5974 
6028 

6081 

6135 
6189 
6243 

6296 

6350 

64C4 

64  s  8 
6^12 
6566 
6621 
6675 
6729 
6783 


Cos. 


88 
88 

88 
88 

89 
89 
89 
89 
89 

89 

89 

89 
89 

89 

89 

89 
89 

89 

89 
90 
90 
90 

90 

90 
90 
90 

90 

90 
90 
90 
90 


D. 


Cob. 

0*06 

5615 

30 

5563 

i 

55" 

18 

5458 

»7 

5406 

eo 

5353 

*5 

5301 

5248 

22 

,  * 

J  yj 

07  21 

$'43 

%\ 

5090 

5037 

»9 

4984 

IS 

493* 

4870 

16 

4826 

'  J 

T// J 

4ODD 

12 

4613 

II 

4560 

10 

4507 

9 

AA  tA 

44-3^ 

8 

AAQO 

7 

6 

4294 

5 

67  4 

4»*7 

3 

4»33 

%■ 

4080 

I 

4026 

67  0 

397* 

% 

39^9 

5* 

^86« 

CI 

3811 

5^ 

3757 

66  55 

3704 

54 

3650 

53 

3596 

5* 

354* 

5i 

3488 

50 

3+34 

3379 

3325 

47 

3271 

46 

3**7 

6645 

Sine 

e  » 

67^  Deg. 
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gaj  Peg. 


TABLE  Y.—Lcxh  Sana,  m. 


23  15 

16 

«7 

18 

19 
20 

SI 

22 
a3 

as 
z6 

»7 

aS 

*9 
30 

31 
3^ 

23  33 
34 
35 
36 
37 
38 
39 
40 

4* 

*3  4» 
43 
44 

45 

46 

47 
48 

49 
SO 


23 


5» 
53 
54 
55 
56 
57 
58 

lo 


9" 

596315 
59M09 

59*903 

597196 

597490 
597783 
598075 

598368, 
59S660: 

59895a 
599244 
599536 
5998*7 
6001 18 

600409 

600700 

600990 
601280 

601570 

601860 
6c2i 50 
602439 
602728 
6030 1 7 

603305, 
603394 

6o38Sa 

604170 

604*57 

«04745 

605032 

6053x9 
5606^ 
605892 
606179 
606465 

606751 
607036 

607322 
607607 
607892 
608177 
608461 
608745 
609029 
609313 

Coa. 


490 

4«9 

489 

489 
48S 
488 

4^7 
487 

487 

486 
486 
485 
485 
485 
484 
484 
484 

483 

483 

482 
482 
482 
481 
481 
481 
480 
480 

479 
479 

479 

478 

478 
478 

477 

477 
476 

476 
476 

475 

475 
474 
474 
474 
473 
473 


Tang.  D 


TO- 

403685 

40339* 

403097 

402804 
402510 
402217 
401925 
40163s 
401340 

401048 

400756 
400464 
400173 
399882 

39959  * 
399300 

399010 

398720 

39S430 
398140 
397850 
397561 
397271 
396983 
396695 
396406 
396118 

395S30 

39S543 

395*55 
394968 

394681 

394394 
394108 
393821 

393535 

393*49 
392964 

392678 
392393 
39«io8 
391823 

391539 

39125s 

390971 
390*»7 


8«e. 


91 
633098 

633447 
633795 

634143 

634490 

634838 
635185 
63553^ 
635879 
636226 
636572 
636919 
637265 
637611 
637956 
638302 
638647 
638992 

639337 
639682 
640027 
640371 
640716 
641060 
641404 

64*747 
642091 

642434 

64*777 
643110 
643463 
643806 
644148 
644^0 
644831 
645174 

645516 
645857 

646540 
646881 
647222 
647562 
647903 


Cot  D. 


580 
580 
580 

579 
579 
579 
578 
578 
578 

577 

577 
577 

577 
576 

576 

576 

575 

575 

575 
574 
574 
574 
573 
573 
573 
57* 
S7» 

57» 
57* 
571 
571 
571 
570 
570 
570 
569 

569 

1^69 

568 
568 

568 
567 

567 
567 


Coi  I  Sec^ 


24  D^. 


lO" 

366902 

366553 

366205 

365857 

36-CTn 

365 1 62 

364815 
364468 
3641st 

363774 

363428 
363081 

36*735 

362389 
362044 
361698 

361353 

361008 

360663 
360318 
359973 
359^ 
359**4 
358940 

358596 
358253 
357909 
357566 

S57**3 

356880 

356537 
356194 
355852 

3555'o 
355168 

354826 

354*84 
354«43 

353460 

353II9 

352778 

352438 
352097 
351757 


1003 


Tsag.  l  OoB. 


6783 

6837 

6892 

6946 

7001 

7055 

7110 

7164 
7S19 

7*73 

73*8 
7383 
74J» 

749* 
7547 
760* 

7657 
77** 

7767 
7822 

7877 

7933 

7988 

8043 
8098 

8154 

8209 

8165 
8310 
8376 
843* 
8487 
8542 
8598 

8654 

8710 

8765 
88si 

8877 

|9|3 
8989 

ms 
9101 

9*57 
9214 
9170 


D.  Cor. 

996 

3217 
3163 

3108 

3054 

2999 

2945 
2890 

1836 

s7St 

S717 

2672 
2617 
S562 

2508 

*453 
*39« 
*343 
2288 

2233 
2178 
2123 

2067 
201Z 

957 
[901 
1846 
1791 

735 
680 
624 
569 

5^3 
458 

402 

346 

290 

135 
179 

123 

067 
on 

©955 
0899 

0843 
0786 
0730 


90 
90 

91 
9» 
9* 
91 
9* 
9" 
9* 

9* 

9* 
9t 
9? 

91 
9* 
9* 
92 
92 

92 

9* 
92 
92 
92 
92 
92 
92 
92 

92 
92 

93 

93 
93 
93 
93 
93 
93 

93 

93 
93 
93 
93 
93 
93 
94 
94 


KIBine 


66|  Deg. 


PR  Dei 
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TABLE  v.— Log.  Sines,  etc. 


Sine 

a4  o 

09313 

I 

09597 

a 

09S80 

3 

10104 

4 

10447 

5 

10729 

0 

1  lOI  2 

7 

11294 

8 

H  9 

J185S 

lo 

I2140 

II 

I2421 

IZ 

12702 

»3 

12983 

«4 

13264 

i«f 

13545 

i6 

1182? 

24  iS 

14385 

«9 

14665 

so 

ly  IT 

21 

15223 

24 

15504 

23 

15781 

24. 

16060 

16616 

H  »7 

_  jf /V 

I685^. 

28 

1717» 

29 

17450 

30 

17727 

J» 

18004 

32 

18558 

34 

18834 

35 

191 10 

24  36 

19386 

57 

19662 

58 

19938 

39 

20213 

40 

20488 

4» 

20763 

4a 

21038 

43 

21313 

44 

45 

2I86I 

OOB. 

D. 


Cosec 


473 
472 
472 
472 

471 

471 

470 
470 
470 

469 
469 
469 
468 
468 
467 
467 
467 
466 

466) 

466 

465 

465 

465 

464 

464 

464 

463 

463 

462 

462 

462 

461 

461 

461 

460 

460 

460 

459 
459 
459 
458 
458 
457 
457 
457 


io'3 

90687 

90403 
90120 

89836 

89553 
89271 

88988 

8S706 

88424 

8S142 
87860 

87579 

87298 

87017 
86736 

{6455 
86175 

85895 

85335 
85056 

84777 
84498 

84219 
83940 
83662 
83  3  H 
83106 
S2828 
82550 
82273 
81996 
81719 
81442 
81166 
80S90 

80614 
80338 
80062 

79787 

79512 

79237 
78962 

78687 
78413 
78139 


U\  Deg. 


Tang. 

21 
648583 
648923 
649263 

649602 
649942 
650281 

650620 
650959 
651297 

651636 
651974 
052312 
652650 
652988 
653326 
653663 
654000 
654337 
654674 
65501 1 

655348 
655684 
656020 

656356 
656692 
657028 

657364 

657699 
658034 

658369 

658704 

659039 

659373 
659708 

660042 

660376 

660710 
661043 
661377 
661710 

662043 
662376 
662709 
663042 
663375 
663707 


8e8.  (M. 


566 
566 

566 
566 

56s 

565 

565 
564 

564 

564 

563 

563 

563 

563 

562 

562 

562 

561 

561 
561 

561 

560 
560 
560 
559 

559 

559 

559 
558 
558 

558 
558 
557 

557 
557 
557 

556 
556 

S5« 

555 
555 
555 
554 
554 
554 


Cot. 


lO* 

3W7 
351077 

350737 
350398 
350058 
349719 
349380 
349041 
348703 

348364 
348026 
347688 

347350 
347012 

346674 
346337 
346000 

345663 

14  "12.6 
344^89 

34465* 

344316 

343980 

343644 

343308 
342972 

342636 

342301 
341966 
341 63 1 
341296 
340961 
340627 
340292 

339958 
339624 

3392.90 

338957 
338623 

338290 

^^37957 
337624 
337291 

33695S 
336625 

336^93 


Stic 


10^ 

39270 
39326 

39382 

39439 
39495 

3955* 

39608 

39665 
39721 

39778 

39835 
39891 

39948 

40005 

40062 

401 1 8 

40175 

40232 

402S9 
40346 
40404 
40461 
40518 

4-575 
40632 

40690 

4-747 
40805 
40862 
40919 
40977 
41035 
41092 
41150 
41208 
41266 

41323 
4138 1 

41439 
4H97 
41555 
41613 
41671 
41729 
41787 
41 846 


D. 


C06. 


94 

94 
94 
94 
94 

q4 

94 
94 

94 
94 

95 
95 
95 
95 
95 
95 
95 

95 
95 
95 

95 
95 
95 

95 

96 

96 
96 

96 

96 

96 
96 

96 

96 
96 

96 
96 
96 
97 
97 
97 
97 
97 
97 


99 
60730 

60674 
60618 
60561 
60505 
60448 
^'0392 


00 


,5  J  5 


60279 

60222 
60165 
60109 

60052 

59995 
59938 
59882 
59825 
59768 

597 1 1 

59654 
59596 

59539 
59482 

59425 
59368 

59310 

59^53 

5919s 
59138 
59081 

59023 
58965 
58908 
58850 

58792 
58734 

58677 
58619 

58561 

58503 

58445 
58387 

58319 

58271 
58213 

58154 

Sine 


60  Dc 


60 

59 
5« 
57 
56 
55 
54 
53 
65  5^ 

51 
50 

49 
48 

47 

46 

45 
44 

65  43 

4' 
4^ 
40 
39 
38 
37 
36 
35 
65  34 

33 
3» 

31 
30 
29 
28 
27 
26 

65  *5 

24 

*3 
22 
•  21 

20 

»9 
18 

17 
16 

65  15 


Dog. 
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a4f  Deg. 


TABUi  v.— Loo.  lawsa,  ssa 


bine 


24  45 
46 

47 
48 

49 
5^ 
SI 

s» 

53 

^4  54 
55 
56 

57 

58 

59 

as  o 

I 


»s  3 
4 

5 

6 

7 
8 

9 

10 

1 1 

z$  iz 

>3 

14 

>5 
16 

*7 
1$ 

19 
20 

»5  21 

22 
23 
24 

»S 
26 

27 
z8 
29 
30 


66f 


9" 

621861 
622135 
622409 
622682 

622956 

623502 

623774 

024047 

624319 

624591 

624.863 
62513s 

625406 

625677 

625948 
626219 

6264.9c 

646760 
627030 

627300 

627570 
627840 
628109 

628378 

628647 

628916 

029185 

^9453 

029721 

629989 
630257 
630524 
630792 

631059! 
631326 

631593 
631859 
632125 
632392 
632658 
632923 

633454 
633719 
^33984 


Cob. 


456 

456 

456 
455 

455 
455 
454 
454 
454 

453 

453 

453 
452 
452 

45* 
451 
451 
451 

450 
450 
450 

449 
449 
449 
448 
448 

447 

447 

447 

446 

446 
446 

446 

445 
445 
445 

444 

444 

443 
443 

443 

442 

442 


lO* 


37i5 1 39  663707 
377865  664039 
37759'  664371 
3773 i« 


377044^ 
376771 

376498 

376226 

375953 

375681 

375409 
375137 
374865 

374594 

3743^3 
374052 

373781 
373SIO 

373*40 
37*970 

372700 

37x430 
372160 

371891 
371622 

37^353 

371084 

3708x5 

370547 

370279 
37001 1 

369743 

369476 
369208 
368941 
368674 

368407 

36S141 

^67875 
367608 

36734* 

367077 

366811 
366546 
366281 

366016 


Sec. 


D. 


554 
553 
553 
553 
553 
55a 
55a 
55» 
551 

551 

55» 
551 
550 
550 
550 
550 
549 
549 

549 

548 

!  54^5 

54« 
548 

547 


664703 
665035 
665366 
665697 
666029 
666360 

666691 
667021 
667352 
667682 
66801 3 

66S343 
668672 

669002 

669332 

669661 
669991 

670320 
670649 
670977 

671306 
671634, 
67T963  III 
67x291^^; 

672947  ^6 
673274 
673602  -'^ 
673929 
674257, 
674584 
674910 
675237 

«75564 

675890 
676216 

^76543 
676869 
677194 

677520 
677846 

678171 

678496 


546 
545 
545 
545 
544 
544 

544 
544 
543 
543 
543 


Cot 


Cot 


lO* 

36293 
335961 

3356*9 

335297 

334965 
334634 

334:503 

333971 
333640 

333309 

33*979 

33264S 

332318 
331987 

331657 
331328 
330998 
330668 

330339 
330009 

329680 

3*9351 
329023 

328694 

328366 
328037 
327709 

327381 
327053 

326726 
326398 
326071 

3^5743 
325416 

325090 
324763 


3241 10 
323784 
323457 
323131 
3*2806 
322480 
322154 
321829 
321504 


See.  ID. 


25^  Deg. 


io'04 


1846 
1904 
1962 

2021 
2079 
2137 
2196 
2254 

*3i3 
2372 
2430 
2489 

2548 
2607 
2665 
2724 
2783 
2842 

2901 
2960 

3019 

307 

3>3 

3197 
3256 

3316 

337S 

3434 

3494 

3553 
3613 

3673 
373* 

379* 
3852 

3911 


Cofl. 


324436  3971 

4031 
4091 
4151 
421 1 

4271 


54> 

542 


4331 
4391 

445* 

4512 


97 
97 
97 
97 
97 
97 
97 
98 
98 

98 
98 
98 

98 
98 
98 
98 
98 
98 

98 

98 

98 

99 
99 
99 
99 
99 
99 

99 
99 
99 
99 
99 
99 
100 

100 
100 

too 

100 
100 
100 

1 00 

ICO 

100 
100 
100 


Cos.  D. 


0 

8154 

«5 

»4 

8038 

13 

7979 

I  Z 

712  I 
/  y 

7861 

1  1 

10 

9 

T  7a6 

g 

76KT 

7«o7 

05  7 

7628 

6 

7570 

5 

75" 

4 

745* 

3 

2. 
4* 

7335 

7276 

6S  0 

I  '■^  1 

c  0 

7099 

7040 

56 

6981 

5 1 

6921 

54 

6862 

59 

6803 

C2 

(ttAA. 

ex 
j' 

6684 

6625 

64  49 

6566 

48 

47 

6447 

46 

6387 

45 

6327 

44 

6268 

43 

6208 

4* 

6148 

41 

6089 

64  40 

6029 

39 

5969 

3S 

59^9 

37 

5849 

36 

5789 

35 

57*9 

34 

5669 

33 

5609 

3» 

S54» 

31 

5488 

6430 

Sine 

0  / 

644  Deg. 

I 
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25|Deg. 


TABLE  Y.~L6o.  Smis,  otc. 


•261  Beg. 


2530 
3» 

3* 
33 
34 

37 
38 
25  39 
40 

41 
4» 

43 
44 

46 
47 

49 

50 

5« 
S» 
5} 

54 
5 

as  57 


59 
o 

I 

2 

3 
4 
5 
6 

7 

8 

9 

10 

IT 

12 

J3 
14 
IS 


Sine  D 


16 


633984 

«34*49 

634514 
634778 
635042 
635306 
635570 
635834 
636097 

636360 
636623 
636886 
637148 
63741 I 
637673 

638197 
638458 

6387*0 

6389^1 
639242 
639503 
639764 
640024 
640284 
640544 
640804 

641064 
641324 
641 584 
641842 
64»ioi 
642360 
64s6x8 
642877 
64313s 
643393 
643650 
64390S 
644165 

644- 1  ;  ) 
6446S0 
644936 

64-5193 
645450 
645700 


Cob. 


441 

441 

440 
440 
440 

439 
439 
439 

438 

438 

43S 

437 
437 
437 

437 
436 
436 
436 

435 

435 
435 
434- 
434 
434 
433 
433 
433 
432 
432 
432 
431 

43» 
431 
430 
430 
430 
430 
429 
429 

H-  ,1 
420 
428 
428 
427 
427 


Cosec. 


Tang. 


lo-  9 

366016  678496 

365751  67882T 

365486  679146 

365222  679471 

3649 5 S  679795 

364694  680120 

364430  680444 

364166  680768 

363903  681092 

363640  681416 

36^---  ''1S1740 
363114  0^2063 
362852  682387 
362589  682710 
362327  683033 
362065  683356 
361803  683679 
36154%  684001 

361S80  684324 
361019  684646 
360758  6849681 
36C497  685290 
360236  685612 
359976  685934 
359716  686255 
359456  686577 
359196  686898 

358936  687219 
35S676  6S7540 
358416  687S61 
358158  688182 
357899  688502 
357640  688823 
35738a  689143 
357123  689463 
356865  689783 

356607  690103 
356350  690423 
356092  69074.2 

35583s 

355577 

3553*0 
355064 

354807 

35455° 


D. 


Bee.  I  Cot 


691062 
691381 

691700 
692019 

692338 
692656 

354^941  69*975 


542 

541 
541 
541 

54  f 

540 

540 
540 

540 

539 
539 
539 

539 

538 

538 
538 
538 
537 

537 
537 
537 
536 
536 
536 
536 
535 
535 

535 
53S 
534 
534 
53+ 
53+ 
533 
533 
533 

533 

533 
532 

53» 
53* 

531 
531 
531 
53» 


Cot.     Sec.  :  D.  Cos. 


lo'  io'04 


321504!  4512 
321179;  4572 
320854I4632 
310529  4693 

3202G5I  4753 


988c 


9556  4874 


8908 

8584 

S260 


7937 
7613 

7290 

6967 

6644 
6321 
5999 

5676 

5354 
503* 
4770 
4388 
314066 

3745 
34*3 
3102 


4814 


;78l 
2460 
2139 
1818 
1498 
1 177 
0857 

0537 
0217 

309897 
309577 

309258 
308938 
308619 

308300 
307981 
307662 

307344 


307015  7269 


B.  I  Tang.  Cor. 


4935 
4995 
5056 
5117 

5177 

5a3« 

5*99 
5360 

542 1 

5482 

5543 

5604 

5665 
57»6 

5787 

5848 
5910 

5971 
6031 

6094. 

6155 
6217 
6178 

6340 

6401 
6463 
6525 
65S7 
6648 

6710 
6771 
6834 
6896 
6958 
7010 
7082 

7145 
7107 


995 


00 
01 
or 
01 
01 
01 
01 

CI 

01 

01 
01 
01 
lOI 

01 
01 

101 
02 

02 

02 
02 
02 
02 
02 
t02 
02 
02 
02 

02 
02 
03 

03 

03 
03 

"3 

"3 
03 

03 

03 
03 
03 
03 

04 
04 
04 


5488 
5428 
5368 
5107 
5*47 
5186 
5116 
5065 

5005 

4944 
4883 

4823 

476a 

4701 

4640 

4579 
45'« 

4457 

4396 

+335 
4274 

421 - 

+0- 
409c 
4029 
3968 
3906 

384s 
3783 

3660 

3599 

3537 
3475 
3413 
335* 
3290 
3228 
3166 
3104 
3042 
2980 
2918 
2S55 

*793 
2731 


D.  Sine 

H3f 


Deg. 
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26i  Deg. 


TABLS  — ^LoQ  Sines,  etc. 


87  Peg 


d6 15 

16 

17 
18 

»9 
20 
21 

»2 
23 

3^6  24 

25 

2.6 
27 

19 

30 

3t 
3- 
26  33 

34 

35 

36 

37 
38 

39 

40 

41 
z6  42 
43 
.44 
45 
46 
47 
4S 

49 
50 

26  51 
52 

53 
54 
55 
S6 
57 
58 

59 
60 


Sine 


9^ 

45706 

45961 

462 1 S 

46474 
46729 
46984 
47240 
47494 
47749 
48004 
48258 
4S5. 
48766 
49020 
49^74 

49527 
49781 
50034] 

50287 

50539 
5079* 
SI044 

51297 

51549 
5 1 80G 

52052 

52304 

52555 
52806 

53057 
53308 

S3S58 

54059^ 

54309 
5455S 

5480S 
55Q5S 
55307 
5  555^ 
55jio5 
56054 
56302 

5''55' 
56799 

57<M-7 


D. 


Cob.  I  D. 


4»7 

426 
42b 
426 

445 
425 

425 

424 

424 

424 
424 
423 

423 
423 
422 
422 
422 
422 

421 
421 
421 
420 
420 
42c 
419 

419 
419 

418 

4  " 

4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 


Co*.  I  See.  D, 


lO'J 

54^4 
54038 

53782 

53526 

53271 

53016' 

52760: 

52506 

52251 

51996 

5174- 
51488 

5'*34 

509  So 

50726 

50473 
50219 
49966 

49713 

49461 

49208 
48956 
48703 

48451 

482C0 

47948 
^7696 

♦7445 

47 '  94 
46943 
46692 
46442 
46192 

45941 
45691 
45442 

45192 
44942 

44693 


44195 
43946 
43698 
43449 

43  201 

4*953 


Sec 


692975 

693293 
69361 z 
693930 
694248 

694566 
6^^4333 
695201 
69551?! 

69 5 S 36 
696153 
696470 
6967S7 
697103 
697420 


69773^  III 


69S053 
69S369 

69S685 
699001 
699316 
699632 
699947 
700263 
700578 
700893 

70iaoS 

701 S»3 

701837 
702152 
702466 
702780 
703095 
703409 
703723 
704036 


531 
530 

53° 
530 
530 

5*9 

5*9 

5*9 
529 

5*9 

528 

S2.S 
S28 
52S 


704350 
704663 
704977 
705290 
705603 
705916 
706228 
706541 

7^'6S54, 
7071661 

Coi  D. 


5«7 
527 
517 
526 
526 
526 
526 
526 
525 

5-5 
5«5 
5»4 

5*4 

524 

5M 
5H 

5-3 
523 

523 
5*3 

522 

5*» 

522 

521 
521 
521 

521 


lO' 


lO-O 


307025}  47*69 
306707^47331 

306388  47394 


306070 


305434  4758  i 


47456 

475^9 


3051 17 

304799 
3044S 

304164 

303*47 

303530 
303213 
302897 
302580 


301947 
301631 

301315 


47644 
47706 

4-769 

+783* 
47S94 

47957 
48020 
48083 
48146 


302x64  48209 
4827a 

4833s 
48398 


300999  48461 
300684  4S5-4 
300368  4S5<'^*5 
300053  48651 
299737!  48714 
299422  4^77'^ 


299107 

298477 
298163 
297848 

297534 
297220 
296905 
296591 
196277 


*959*4|  4947* 

29565 


^95337 
295013 
294710 

»94397 
2940S4 

293772 

493459 

93146 


48841 
48904 

48968 
49032 

49095 

49222 
49286 

49350 
494H 


49I06 

49670 
49734 

49798 

49!?62 

49926 
49990 

50055 


292834I 501 I 9 


Tmg.  I  Coe. 


104 

!04 

04 
04 
04 
04 
04 
04 
04 

05 

"5 
105 

05 

05 
105 
105 

05 
05 

05 
05 
05 
05 
06 
06 
06 
06 
06 

06 
06 
06 
06 
06 
06 
06 
06 
07 
07 
07 

07 
07 

07 

07 
07 

07 

07 


Cob,  i 


9^9 
52731 
52669 

52606 

5*544 
52481 
52419 

5*356 
52294 
52231 

51168 

52106 
52043 
51980 

51917 

5 '854 
51791 

51718 
51665 

51602 

51539 
51476 

51412 

51349 

51286 

51222 

5115? 
51096 

51032 
50968 
50905 
50841 
50778 

5^714 
50650 
505S6 
5052a 

50458 

S0394 

50330 
50266 
50202 

50T3I? 
50074 
50010 

49945 
49881 


D.  !  Sine 


45 
44 

42 

4» 

40 

39 
38 
63  37 

36 

35 
34 
33 

3^ 
3' 

30 

29 

63 

47 

26 

45 

24 

23 

22 

21 
10 
63  19 

17 
16 

>5 

»4 

13 

12 
I  I 

63  10 


63|  Deg. 


m  Deg. 


108 


MATHEMATICAL  TABLES. 


TA6LB  Y^Lock  Sunlit  na 


gTfPeg. 


27 


»7 


9 

lO 

II 

«3 

15 

i6 

»9 
so 

%t 

Z2 

*3 
»4 

*S 
«6 

a7  27 

28 

»9 
SO 

31 
31 

33 
34 
35 
J6 
37 
38 
39 
40 

4« 

42 

43 
44 
45 


»7 


657047 
657295 
65754a 
6577^) 

*5*037 
658284 

65*531 
65*778 

659025 

659271 
659517 
659763 
660009 
660S55 
660501 
660746 
660991 
661236 

661481 
6617x6 
661970 
66ft»t4 

662459 
662703 
662946 
663190 
663433 

663677 
663920 
664163 
664406 
66464S 
664891 
665133 

665375 
665617 


404 

404 

403 

403 

402 
402 

402 

666824 
667065 
667305 
667546 
667786 
668027 


666100 
666342 

666583 


413 
413 
412 
412 
412 
412 
411 
411 
411 

410 
410 
410 

409 
409 

409 

40J 

408 

408 

408 

407 

407 
407 
407 
406 
406 
406 

40s 

405 
405 
405 
404 


401 
401 
401 
402 
400 


Cos.  >  D. 


10' 

34^953 
34*705 

34*458 

342210 

341963 

341716 

341469 

34x22s 

340975 

3407*9 
340483 

340237 

339991 

339745 
339499 
339»S4 

339009 

338764 

338519 
338*74 
338030 
337786 

337541 
337297 

337054 
336810 
336567 

336323 
336080 

335837 

3355941 
135352 

335109 

33+367 
33462s 
334383 

334141 
333900 

333658 

333417 

333176 

33*935 

332695 

33H54 
33M14 

331973 

Sec 


520 
520 
520 

520 


707166 
707478 
707790 
708102 
708414 
708726 
709037 

709349 

709660 

709971 
710282 

710593 
710904 
711215 

7»>S»5 
71 1836 

712146 

712456 

712766 
713076 
713386 
713696 
714005 

7*4314 
7»4»H 

7iSi42. 

715551 
715860 
716168 
716477 
716785 
717093 
717401 
717709 
718017 

718325 
718633 
718940 

719248 

71955s 
719862 

720169 

720476 

720783 
721089 

CotTl  D, 


IX 


5 

'9 

5 

t9 

5 

'9 

5 

[9 

> 

s 

[8 

5 

18 

5 

t8 

5 

8 

5 

18 

51 

17 

5" 

t7 

51 

^7 

c 

J 

/ 

5 

[6 

51 

[6 

5 

[6 

5 

16 

5" 

16 

'5 

5' 

'S 

5 

5 

S' 

'5 

51 

'4 

5 

t4 

5 

[4 

5 

4 

5 

'4 

5 

'3 

5 

'3 

51 

t3 

5 

!3 

5 

'3 

5^ 

[2 

5 

12 

5 

iZ 

5 

[2 

5 

12 

5 

11 

5 

I  L 

Cot 


10* 

29~:^4 
291322 
292210 
29 1 898 
291586 
291274 
290963 
290651 
290340 

290029 
289718 

289407 
289096 
288785 
288475 
288164 
287854 
287544 

287234 
286924 
286614 
286304 
285995 
285686 
285376 
285067 
284758 

284449 

284140 
283832 
283523 
28321 5 
282907 
282599 
282291 
281983 

281675 
281367 
281060 
2807  52 
280445 
280138 
279831 

^79  5  H 
2789 1 1 


D. 


Cob. 


«o\>5 

0119 
01 84 
0248 
0312 
0377 
0442 
0506 
0571 
0636 

0700 

07<S 

0830 

0895 
0960 

025 

090 

'55 

220 

285 
350 
416 
481 
546 
612 
677 

743 
808 

874 

940 
2005 
2071 

2137 
2203 
2269 

»335 
2400 

2467 

»533 

»599 

2665 

2797 
2864 

v  V  'J 

Cofi.  Id. 


:o7 
:o7 

•07 
:o8 
108 
[08 
[08 1 
to8 

!08 

[08 

[08 
to8 
loS 
108 

[08 

[08 

[08 

[09 

109 
109 

[09 
[09 

[09 
109 
[09 
[09 
109 

109 
109 

[O 

10 

10 

10 
10 

lO 

10 

10 
to 

ro 

10 

[O 

10 
I 
I 

:  1 


9*94 

9881 

9816 

975^ 
9688 

9623 

9558 
9494 
9429 
9364 

9300 

9»35 

9170 

9105 
9040 

8975 

8910 

8845 
87  So 

8715 
8650 

8584 
8519 
8454 
8388 
8323 
8257 
8192 

8126 
8060 

7995 

7929 
7S63 

7797 
7731 

7665 

7600 

7533 

74*7 

7401 

7335 
7269 

7203 

7136 

7070 
7004 

6937 
Sine 


60 

59 
58 
57 
56 
55 
54 

62  52 

5' 

50 

49 
48 

47 
46 

45 
44 
62  43 

4a 
41 

40 

39 
38 

37 
36 

35 
62  34 

33 

32 

.  31 

30 
29 
28 
27 
26 
62  25 

24 

23 
22 

21 

20 

19 

18 

17 
16 

62  15 


68D6g. 


6di  Deg. 


MATHEMATICAL  TABLES. 
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27f  Deg. 


TABLE  Y.— Loo.  SiHiH,  no. 


28^  Dcg. 


o  / 

Sine 

ft* 

a?  45 

668027 

46 

668267 

47 

668506 

48 

668746 

49 

668986 

5° 

0(35225 

C  T 

00^404 

5* 

53 

*7  54 

6701 81 

55 

670419 

56 

670658 

57 

670896 

58 

671134 

59 

671372 

OA  a 
SB  0 

vy  *  vwy 

t 

672084 

672321 

4 

67*558 

1 

67*795 

6 

673032 

7 

673268 

0 

5 

673505 

9 

10 

"73977 

t  t 

»S  11 

674448 

13 

674684 

.  H 

674919 

15 

675155 

16 

675390 

>7 

675624 

15 

^75«59 

*9 

10 

676308 

aS  St 

676562 

s» 

676796 

%% 

677030 

H 

677264 

*S 

677498 

26 

677731 

Z7 

677964 

sS 

678197 

29 

678430 

30 

678663 

Ocn. 

D.  Goaec  Tang. 


400 
400 

399 
399 
399 
399 
398 
398 
39« 

397 
397 
397 

397 

396 
396 
396 

395 
395 

395 
395 

394 
394 
394 
394 
393 
393 
393 

39a 

392  1 

392 

19* 

39T 

391 
391 

39» 
390 

390 
390 
390 

389 
389 
389 

388 

388 
388 


lo- 

33^973 

331733 

33H94 

331*54 
331014 

330775 

330536 

330297 
330058 

32^819 
329581 
329342 
329104 

328S66 
328628 
328391 
328153 
327916 

327679 

3*744* 
327205 

326968 

326732 
326495 
326259 
326023 
3»S7«7 
325552 
325316 
325081 
324845 
324610 
324376 

3*4«4-» 
3x3906 

31367a 

323438 
323204 
3x2970 
322736 
322502 
322269 
322036 
321803 
321570 

3*^337 


D.  I  Bee. 


721089 
721396 
721702 
721009 
722315 
722621 
722927 
723252 
713538 

723S44 
724149 

7M4S4 
724759 

725065 
725369 
725674 
725979 
726284 

726588 
726892 
727197 
727501 

727805 
7281C9 
728412 
728716 
729020 

7293 
729626 

7299-9 
730233 

730535 
730838 

73"4i 

73»444 
731746 

732048 
732351 
732653 

732955 

733^57 
733558 
733860 
73416* 

734463 
734764 

Coi 


511 

511 
510 
510 

510 
510 
510 

509 

5<^9 
509 

509 
509 

508 

508 
508 
508 
508 
507 

507 
507 

507 
507 

506 
506 
506 

506 
506 

505 
505 
505 
505 
505 

504 

504 

504 
504 

504 

503 
503 
503 
50J 
503 
50» 
50* 
502 


Cot 


278911 

278604 

278298 
277991 
277685 

277379 
277073 

276768 

276462 
276156 

275851 
275546 
275241 

1 749 3 5 
274631 
74326 
74021 
273716 

27341a 

27310^ 
272803 
274499 
272195 
271891 
171588 
271184 


10-05 


D. 


3063 
3119 

3196 
3262 
3329 
3396 
3462 

3529 
3596 

3663 
3730 

3797 
3864 

393^ 
3998 
4065 

4131 
4100 

4467 

4'^  74 
4402 

4469 
4536 
4604 

4672 

270980  4807 


270677 
270374 
270071 
269767 
269465 
269 I 62 
268859 
268556 
268254 

267952 
267649 
267347 
267045 
266743 
166441 
166140 
165838 
265537 
265236 


Tang. 


4875 
494* 
5010 

5078 

5H6 
5214 
5282 

5350 
5418 

5486 

5554 
5613 

5691 

5759 
5818 
5896 
5964 
6033 
6101 


(km. 


9 '9  4 


III 

til 
1 1 1 
III 
III 
III 
III 
1 1 1 
1 1 1 

I  1  T 
1  12 
112 
112 
112 
112 
112 
III 
112 

112 

112 
112 
112 

113 

"3 
113 
113 

113 

113 

"3 
"3 
113 
113 
113 

113 
113 
114 

114 
114 
114 
114 
114 
114 
114 
114 
114 


CoaT 


D. 


6937 

6871 

6804 
6738 
6671 
6604 
6538 
6471 
6404 

6337 
6270 
6203 
6136 

6069 
6002 

5935 
5S68 
5800 

5733 

5666 

5598 

553» 

5464 

5396 
53*8 
5261 

5«93 

51*5 
5058 
4990 
4922 
4854 
4786 
4718 
4650 
4581 

45H 
4446 

4377 
4309 
4241 
4172 
4104 
4036 
3967 

3899 


Sine 


62 


15 

12 
II 
so 

9 

8 

7 
6 

5 

4 

3 
a 

I 

o 


,  59 
61  58 

57 

56 

55 

54 

53 

5* 

51 

50 
61  49 

48 

47 

46 

45 

44 

43 

4* 

.  41 
OS  40 

39 
38 
37 
36 

35 
34 

33 
32 


61 


i' 
30J 


62^  Deg. 


110 
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284Deg. 


TABLE  V.—Loo.  Sinks,  Era 


2y|  Deg. 


28  30 

3« 

31 

33 
34- 

35 

36 

H 

3« 

28  39 
40 

41 
4» 

43 

4?^ 
45 
46 

47 

a  4.8 

s° 

SI 
5» 

S3 
54 

57 
58 

59 

as  o 

% 
3 
4 
5 

6 


»9 


7 
8 

9 
10 

IT 
12 
»3 
14 


Siae  D 


X 
678663 
678895 

679128 

6793601 
679592 
679824 
680056 
68o28)i 
680519 

680750 
680982 
68i9ti3 
681443 
681674 
6S1905 
682135 
682365 
682595 

682825 
6830$$ 

68325!4 
683514 
683743 

683972 
684201 

684430 
684658 

684887 

6  S  5 1 15 
685343 

685571 

68^799 

6256027 
686254 
686482 
686709 

686936 
687163 
687389 

6876J6 

6S7843 
688069 

688295 
6885311 

688747 
688972 

Cos. 


388 

!  387 
3S7 
387 
386 
386 
386 
385 

385 
385 
385 

384 
384 
3S4 
384 
383 
383 

383 

383 

3S2 

382 
tit 

382 
381 
381 
381 

T^o 
3S0 
380 
380 

379 
379 
379 
379 
378 
378 
378 


3'7 
377 

376 
376 


Coaec- 


lO* 

ji7337 
3*1105 
310872 
320640 
1320408 
|}4oi76 
|3 
3 


9944 
9712 
9481 

9250 

901 S 

8787 

8557 
8326 

8095 

7635 

74c  5 

7175 

6945 

67 1 6 

6486 
6257 
6028 

5799 
5570 

5342 

5"3 

4.^X5 

4657 

4449 
4201 

3973 
3746 

3518 
3291 


Tang. 


2837 
261 1 
Z384 

2157 
T931 
1705 

1479 

1253 

1018 
Sec. 


734764 

735066 

735367 
735668 
735969 

736269 

736570 
736871 
737I7I 

737471 

737771 
738071 
738371 
738671 

7  5^"97» 
739271 
739570 

739870 

740169 
740468 

74C767 
741066 
741365 
741664 
741962 
742261 
74*559 
742858 

74315' 
743454 

74375* 

744050 

744348 
7^H«45 
744943 
74i»4o 


3«64|  74553* 

745S^3f 
746132 

746419 

746726 
747023 
747319 
747616 

74791 -Jl 
741^209 


502 
502 
502 
501 

50! 

501 
501 

501 

500 

500 
500 
500 

500 

499 
499 
499 
499 
499 

499 

49S 

498 
498 
498 
498 
497 
497 
497 

497 
497 

497 
496 
496 
496 
49  b 
496 
49s 

495 
495 
495 
495 
495 
494 
494 
494 
494 


Cot. 


Cot. 

Sec 

D- 

Col 

AW 

»65»36 

6101 

3899 

30 

264934 

6170 

114 

3830 

29 

26^611 

621Q 

114 

1761 

29 

-  ■  *i- J  J  " 

6107 

114 

■i6n  ■i 

27 

2,640  3  I 

6176 

"5 

115 

■7624. 

20 

ffil?! I 

64^1 

*$ 

>v343a 

115 

14.86 

24 

263  i 29 

6c8i 

"5 

14.1 7 

61 

23 

6652 

115 
115 

41a8 

162529 

6721 

3*79 

2  6  ^  z  z 

0790 

"5 

"5 

42TO 

so 

261 020 

68;q 

»9 

2^)1  62  ^ 

6928 

115 

1072 

18 

■>  ft  T  T     f  1 

n  n  n  ^ 

"99/ 

^  15 

1004 

«7 

261029 

7066 

115 
"5 

»15 
116 

10 

71^6 

2864 

»5 

7  20  c 

270C 

DI 

H 

2601 JO 

717A 

116 

2726 

»3 

259831 

7344 

1x6 

2656 

12 

-5953^ 

7413 

116 

»5»7 

II 

7i8l 

116 

2<17 

10 

2  C  80 

7  C  C2 

it6 

2Ad.8 

9 

2^867  1; 

7622 

u6 

7602 

116 

2108 
J 

7 

2(8098 

7761 

116 

2210 

c 
0 

"*  J  /  /  J  > 

78-JI 

/J 

116 

2  I  60 

01 

5 

7QOI 

116 

200(1 

y  / 

4 

257142 

7971 

116 

2029 

3 

250544 

504 1 

116 

»959 

2 

256546 

fiT  T  T 

1909 

I 

7  <;62a8 

8181 

117 

117 

1 810 

61 

,  0 

255950 

8251 

1749 

59 

255652 

8321 

11,79 

58 

^55355 

8 ;  9 1 

T  T  T 

1 609 

57 

255057 

8461 

1539 

56 

254760 

8531 

117 
117 

1469 

60 

55 

254462 

8602 

T  t  T 

139S 

54 

254165 

8672 

'  *  / 

1328 

53 

253868 

8742 

117 

1258 

52 

^53571 

8813 

117 

1 187 

5' 

253274 

8883 

117 

1117 

50 

252977 

8954 

117 
118 
118 

1046 

49 

252681 

9025 

0975 

48 

252384 

9095 

118 
118 

0905 

47 

252087 

9166 

0834 

46 

251791 

9»37 

0763 

6045 

Tana, 

ChM. 

D. 

Sine 

0 

1 

61^  Deg. 


60|  Deg. 


MATHISMATICAL  TABLES. 


S9i  Deg. 


TABLE  v.— Log  8nm^  mo. 


80  Deg. 


a»i 


»7 
19 


ai 

22 

23 
29  24 

as 
%6 

27 
28 
29 
30 

3« 
3* 

»9  33 

34 

35 
36 

37 

38 

39 
40 

4t 


29  42 


Sine 


9-6 
88972 

89423 
89648 

89873 


ao  90098 

903*3 

905+S 

91220 

9>444 
9166S 

91S92 

92115 

9*339 

92562 
92785 

93008 

93^3 « 

93453 
93676 

93898 
94120 

94342 

9*564 
94786 


46 

47 
48 

49 

29  5T 

52 

53 
54 
55 
56 

5« 
59 


950C7 

43  I  95^*9 

44  95450 

45 ' 95671 
95892 
96113 
96334 
96554 

96775 

96995 

97215 

9743  5 
97654 

97S74 
98094 

98313 

985  3* 

98751 
98970 


Cos. 


60|  Beg. 


CoMC.|  Tang. 


376 

376 

375 
375 

375 
375 
374 
374 
374 


09902 

"9677 
09452 
09228 


07438 
07215 

06992 
06769 
06547 

06324 
06102 

05880I  754997 


10-5  ]  9" 

1 10281  748209 
10802  748505 

»o577  74^^01 
'0352  749°97 
ioi>7|  749393 

749689 

74.9985 
750281 
750576 

750872 
75116- 
751462 

751757 

752052 

75*347 
752642 

75*937 

753231 

75352f' 
753S2C 

7 541 1 5 
7544^9 
754703 


09004 
08780 
08556 
08332' 

cSioS 


374 
373 
373 

373 

"  107661 


05658 

05436 
05214 

04993 


755^91 
7555*^5 
755878 
756172 
04771  756465 


37 
372. 

372 
371 

371 

371 

371 

370 

370 

370 

370 
369 
369 

369 

368 
368 
368 
368 

367 

367 
367 

367 

366 

366 
366 
366 
365 
365 
'?6?  , 
365  '="+9, 
->  ^  01030 


04550 

04329 
04108 
03887 

03666 

344^' 
03225 

03005 
02785 

,565 
02346 
2126 
01906 
01687 
01468 


756759 

757052 

757345 
757638 

75793! 

758224 
75^517 

758810 
759102 

75939S 
759687 

759979 

760272 
760564 
760856 

76114? 
761439 


Cot. 


lO' 


494 
493 
493 

493 
493 
493 
493 
492 
492 

492 
492 
492 
492 
491 
491 
491 
491 
491 

491 

490 
490 

49= 
490 

490 

490 

489 

489 

489 
489 

489 

489 

488  H-»55 
488 


Sec. 


251791 
251495 
251199 
250903 

250607 
250311 
250015 
249719 

249128 

248833 

^8538 
248243 
24794S 
247653 
247358 
247063 
246769 

^.  46474 
246  I  80 

245885 
245591 
245297 
245003 
24.1-709 
244415 
244122 

243828 

243535 
*43*4> 


D.    Scf.  .  Cot. 


48S 
4SS 
488 

488 

487 

487 
487 
487 

487 

487 

486 

4.Ss6 


D. 


242362 

242069 
241776 
24(483 

24x190 
240898 

240605 1 

240313I 

240021 

23972?! 

239436 

»39i44 

238S52 

^38561 


100 

59237 

59307 
59378 

59449 

59520 

59591 
59662 

59733 
59804 

5987s 
59946 
60018 
60089 
60160 
60232 
60303 
60375 
60446 

60518 
60590 
60661 
60733 
60805 
60877 
60948 
61020 
61092 

61164 
61237 
61309 

61381 
61453 
61525 
61598 
6 1 670 
61742 

61815 
61887 

61960 
62033 
62105 
62:7? 
62251 
62324 
62396 
62469 

Cos. 


Cos. 


22 
40763 
40693 
40622 
40551 


8 
8 

9 
9 
9 
9 
9 
9 
9 
9 
9 

9 

9 

9 
20 

20 

20 

20 

20 

20 

120 
20 
20 
20 
20 
20 
21 
21 

121 

21 
21 

21 

2  I 
21 
2  I 

21 
21 
21 


D. 


„  40480 

g[  40409 
g| 40338 

' 40267 

40196 

40125 
40054 
39982 
39911 
39840 
39768 
39697 
39625 
39554 
39482 
39410 

39339 

39267 

39195 
39123 

39052 

389  So 

38908 

3SS36 
38763 
38691 
38619 
38547 
3S47S 
38402 

3833- 
38258 

38185 
38113 
38040 

37967 

37S95 
37821 

37749 
37676 

37604 

3753.1 

Sine 


60  Deg. 


112 


UATHEMATICAL  TABLES. 


80  Peg. 


TABLE  Y^Loa.  Saras»  exc 


aof  Peg, 


30 


JO 


9 

lO 

II 

iz 

13 
14 

15 
16 

17 

30  iS 

»9 
zo 

21 

22 

23 

24 

^5 
26 

30  27 
28 
29 
30 

32 

33 
34 
35 

37 

38 

39 
40 

4« 
4» 

43 
44 
 45 


Sine 


il 
698970 
699189 

699407 
699626 
699844 

700062 
700280 
700498 
7007 1 6 

700933 

70H  51 
701368 

70180SI 

702019 

702236 
702452 
702669 

702(85 

703101 
703317 

703533 
703749 

703964 

704179 

704395 
704610 

704825 
705040 
705254 
705469 
705685 
705898 
706112 
706326 
706539 

706753 
706967 
707 1  So 
707393 
707606 
707819 
70803* 
708245 
708458 
708670 


D. 


Ooe. 


COMC 


TO* 

^  ^  30081 1 
300593 
3C'0374 
5001 56 
299938 
1997*0 
299502 
99284 

299067 
298849 
298632 
298415 
298x98 
297981 
97764 
297548 
297331 


364 
364 

364 

363 

363 

363 

363 

363 
362 
362 
362 
362 
361 
36T 
361 
36, 
360 

360 

360 

]^  1*96467 
"Z  296251 

„Q  P96036 

3  CO 

295605 
295390 


297115 

296899 
296683 


359 
358 


3S8 
358 
358 
357 
357 
357 

357 
35fi 

356 

356 
356 
35$ 

355 
355 
355 
354 
354 
354 


295175 
294960 

94746 

294531 

294317 

94:: 

293888 

293674 
293461; 

293247 

*93033 
292820 

292607 
292394 
2921 8 1 
291968 
291755 
291542 
291330 


Tang. 


Sec. 


D. 


91 
761439 
761731 
762023 
762314 
762606 
762897 
763188 
763479 
76377c 

764061 
764352 
764^643 
764933 
765224 
765514 
765S05 
766095 
766385 

76667s 

766965 

767255 

767545 
767834 

768124 

768413 

768703 

768992 

769281 
769570 
769860 

770 r 48 
77043 

7  ^0726 
771015 

771303 
771592 

771880 
772168 
77*457 

77*745 

773033 

773321 

773608 
773896 
774184 
774471 


486 
486 

4S6 
486 
485 

48  s 
485 

4S5 

485 

485 
484 
484 
484 

484 

484 

484 
484 
483 

4*3 

483 

483 

+83 
483 
482 
482 
482 
482 

482 

482 
481 

481 
481 
481 
481 
481 
481 

480 
480 
480 
480 
480 
480 

479 
479 
479 


Cot. 


lo- 


238561 
238269 
237977 
237686 
*37394  »7fi» 


237103 
236812 
236521 
236230 

135939 
235648 

435357 
235067 

234776 

234486 

^34195 
233905 

233615 

»333*5 

233035 
232745 

232455 
232166 
231876 
231587 
231297 
231008 

230719 
230430 
230140 

229S52 
229563; 


Sec. 


1006 

2469 
2542 
2615 
2688 


2835 
2908 

2981 

3054 

3128 
3201 
3275 

3348 
3422 

3495 

3569 

3643 
3716 

3864 

3938 
4012 
4086 
4160 

4234 
4308 

4382 

4^57 

4531 
4605 

4680 
4-754 


D. 


2292741 4829 


Cot.     D.  Tang. 


228985 
228697 
228408 

228120 
227832 

227543 

"7*55 
226967 

226679 

226392 

226104 

225816 

225529 


4903 

4978 

505* 

5127 
5202 

5277 

5351 
5426 

5501 

5576 

5651 
5726 
5801 


Cos. 


21 

22 
22 
22 
22 
22 
22 
22 
22 

22 
22 
22 


Cos- 


993 


7S3» 

745« 

73»5 

73" 
723? 

7»65 

7092 

7019 
6946 

6872 

6799 

6725 
6652 
6578 

6431 

^357 
6284 


*3 
23 

*3 

23 

-3 

23 
23 

^3 
23 

23 

24 

24 
24 

24 
24 
24 
24 

24 
24 

*4 
124 

124 

124 
125 
125 
125 
125 
125 
125 
125 

125 


().;io 
6136 
6062 
5988 

5914 
5840 
5766 
5692 
5618 

5543 
5469 

5395 
5320 

5*46 

5171 

5097 
5022 

4948 

4873 
4798 

4723 
4649 

4S74 

4499 
44*4 
4349 
4*74 
4>99 


i).  I  Sine 


GO  D, 


KOI  TSarr 


MATHEMATICAL  TABLES. 


113 


30|  Deg. 


TABLE  v.— Loo.  Siwua,  jcro. 


8H  Deg. 


Sine 

X 

^^^^  ~J 

708670 

708882 

47 

709094. 

70cj'!o6 

49 

709518 

50 

709730 

5^ 

7C9941 

5^ 

53 

710364 

30  54 

710575 

7JO786 

|i 

710997 

57 

711208 

711419 

59 

71 1625 

31  0 

711839 

I 

71x050 

2, 

71 2z6o 

V. 


31  3 

4 

5 
6 

7 

8 

9 

10 

II 
31  12 
13 
J4 

«5 

16 

17 
iS 

19 
20 

31  %x 

23 

24 

*5 
s6 

»7 

29 

30 


7124691 

712679. 

712880 

713098I 

7t33o8. 

7i3S«7 

7i37«6' 

7J3935' 
714144! 

714354 
714561 

7«47% 
71497I 

715186 

715394 
71560a 

715809 

716017 

716224 
71643Z 
716639 
716846 
717053 
717*59 
717466 
717673 
717879 
718085 

Cos. 


354 
353 
353 
353 
353 
353 
35a 
35* 
35» 

35* 
35» 
351 

351  ; 
351 

3SO 

35^ 
350 

JSC- 

349 
349 
349 

349 
349 
348 
348 
348 
348 

347 
347 
347 

347 

347 

346 

346 
346 

346 

345 
345 
345 
345 
345 
344 
344 
344 
344 


291330 
^91118 
z 90906 

290694 


D. 


479 


X 
77447* 

774759 


290482 

290S701 775908 

290c 59 
289847 


776195 
776482 
289636  776769 

28942=;  777055 
2.89214!  777342 
289003  777<32.8 

z8879»  777915 
2S8581  77«»oi 

2SS37i'77845?7P^r 


478 

47« 

478 
478 

478 
478 

477 
477 


Cot  Sec. 


2S8161 


157950  779060 
779346 


287740 

28753^ 
287321 

2871 1 1 

286902 

286692 

286483 

286274 

286065 

285856 

285648 

285439 
285231 
285022 


77^*774 


779631 

77991* 

780203 

780489 

780775 

781060 

781346 

78163 

781916 

782201 
782486 

78»77» 
783056 


284814  783341 
284606  783626 
284398  783910 


283568  7*5048 


X>. 


2S4191 
283983 

283776 


283361 

83154 
282947 
282741 

282534 
282327 
282121 
281915 

Sec. 


784195 
784479 

784764 


78533a 
785616 
785900 
786184 
786468 
786752 
787036 

787319 
Cot. 


477 
477 
477 
476 

476 

476 

476 
476 
476 
476 
475 
475 
475 

475 
475 

475 
475 
475 

474 
474 
474 
474 

474 
474 
473 
473 
473 
473 
473 
473 
473 


lo- 

225529 

225241 

224954 
224667 

224379 

224092 
223805 

223518 
22323 X 

222945 
222658 
222374 
222085 
21799 
221513 
221226 
2*0940 
220654 

2*0368 
220082 

219797 
2195 1 1 
219225 
218940 
218654 
218369 
218084 

*I7799 
217514 
217229 
216944 
216659 
216374 
216090 
115805 
*i55»» 

* I 5*36 

214952 
214668 
214384 
214100 
213816 


io'o6 


5801 
5S77 
5952 
6027 
6ioz 
6178 
6253 
6329 
6404 


D.  I  Cos. 


6480 

655s 
6631 

6707 
6783 
6859 

^934 
7010 
7086 

7162 

7238 

73^5 
7391 

7467 

7543 
7620 
7696 
7772 

7849 

7925 

30O2 

8079 

8155 

8232 

8309 

8386 

8463 

8540 

8617 

8694 

8771 

8^48 
8925 

9002 

2132481 9079 
212964  9157 
2I268I  9234 

Tang.  1  Coa. 


4$ 

25 

^5 
26 

26 

26 

26 

126 

26 
t26 


993 
4199 
4123 
4048 

3973 
3898 

3822 

3747 
3671 

3596 

3520 
3445 


26  3369 


26 

26 , 
26 
27 
27 

»7 

27 

27 
27 
27 

27 

[27 

27 
27 

27 
28 
28 

128 
28 
28 
28 

128 
28 

28 

28 
28 
29 
29 
29 
29 
29 
X29 


3293 

3217 

M  ' 
3066 
Z990 
2914 

2838 
2762 

2685 
2609 

»533 

2457 

2380 
2304 
2228 

2151 

Z075 
1998 
1921 

1S4S 
1768 
1691 
1614 
»537 
1460 

1383 
1306 

1229 

1 1 52 

»075 

0998 

Q921 
0843 

0766 

Sine 


59 


»5 
14 

»3 

12 

II 
10 

9 
8 

7 

6 

5 
4 

3 
2 

I 

59  o 

59 
58  58 

57 
56 
55 
54 
53 
5» 
51 
50 
58  49 
48 

47 
46 

45 
44 

43 
42 

4« 

58  40 

39 
38 

37 
36 

35 
34 

33 
32 
31 

58  30 


58i  Deg. 
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31^  Deg. 


o  < 

§17 

32  3° 

18085 

1 829 1 

I  84Q7 

33 

18703 

34 

1 89091 

35 

t9"4| 

36 

1 9320 

37 

'95»5 

3» 

19730 

3»  39 

1993s 

40 

20140 

4> 

ao345 

4« 

20549 

43 

20754 

44 

20958 

211621 

46 

SI300 

47 

21570 

31  48 

41774. 

49 

21978 

5c 

22I8I 

SI 

22385 

s» 

2258S 

S3 

2'179 ' 

54 

22994 

55 

23197 

56 

234CO 

23603 

23905 

24.007 

24210 

I 

24412 

2 

24614 

3 

24816 

4 

25c  1 7 

5 

25219 

3£  6 

25420 

7 

25622 

25S23 

9 

26024 

10 

26225 

1 1 

26426 

1 2 

26626 

13 

26827 

14 

27027 

>5 

27228 

Cos. 

68^  Deg. 


343 

343 

343 

345 

343 
342 

342 

34» 

34* 

341 
34> 

J4» 

341 

340 
34c 
340 

340 
340 

339 
339 
339 

339 
339 
338 
33S 
338 
338 

337 
337 
337 
337 
337 
336 
336 
336 
336 

335 
335 
335 

335 

335 
334 
334 
334 
334 


TABLE  v.— Log.  Smga,  ma, 
Cosec  Tang.    D.     Cot  |  Sec. 


32:^  Deg. 


10-2 

81915 
81709 

81503! 

Si297 

8 1 09 1 

80886 

80680 

80475 

80270 

80065 
79860 

79^55 

79451 
79246 

79042 

78838 

78634 

784.30 

78126 
7Scz2 
77819 

77615 
7741* 

77209 

77006 
76803 
76600 

76397 
76195 

75993 
75793 
75588 
75386 
75184 

749^3 
74781 

74580 
74378 
74177 
7397« 

73775 
3574 
73374 
73173 

7»973 

72772 


91 

787319 
787603 

7878S6 

788170 

7S84S3 

7S90I9 
789302 

78958s 

7^9868 
790I5I 
790433 

790716 

790999 

79 1 281 

79*563 
791846 

792128 

792.410 
792.69 

79*974 
793256 

793538 
793819 
794101 

794383 
794664 

794945 
795"7 
795508 

795789 
796070 
796351 
796632 
796913 
797194 

797475 
7977  5  5 
798036 

798316 

79S596 

79SS77 

7991.57 

799437 
799717 

799997 


10* 


lO'O 


212681  69234 

»i»397  693  T  2 
^'  212114I693S9 

211830, 69467 

!C  i"  547|  69544 
il  12641  69622 

"O981  69700 

J7»  210698 

2IOI32  69933 
1,1  409849  7OO" 

T„  *«9567  7«>«9 

209284  70167 

t;,  *090oi  70245 

-.08719  70323 


4/ 

471 
470 


^08437  7U401 

470  ^°^i54  70479 
^'    Z07872  7055S 

207590  70636 
207308  70714 

207026  70793 


470 
470 
470 


>7O20  70793 
406744  70871 

TL  406462  70950 

206 1 81  71028 

t69  ^^°5899  71107 
469  ^^5617  71185 
J69  ^°5336  71264 

460  40505s  7*343 

l6o  *^773  7»4a» 

168  40449»  7150' 

468  7'?? 
203930  71058 


Gotw 


409  ---- 
460  405055  7*343 
l6o  *^773  7»4a» 
Tfi«  404492  7150' 
2042 1 1  71580 

168  ^03930  71658 
468  403649  71737 

leg  ^03368  71817 

Jgg  203c?7  71896 
202806  71975 

-^^545  74054 

Tfg  202245  72133 
[201964  72213 

01  68a  722Q2 

O] 

^^;!20c843  v^viu 
l64|4oo563  74610 
Jgi  200283  74690 

^  '  j  20000  3  72769 


Ck)3. 


29 

29 
29 
29 
29 

49 

J? 

30 

30 
30 
30 

30 

30 

30 
30 
30 

30 

30 

31 
3i 
31 
3» 
31 
31 
31 
31 
31 

3* 
3» 

31 
32 
32 

34 
34 
32 

34 

34 
34 
34 
32 

3* 

32 

33 
33 
33 


99 
30766 

30688 
30611 

3=533 
30456 

30378 
30300 
30223 

30145 

30067 
49989 

»99" 

49833 

49755 
29677 

49599 
29521 

29442 

29364 
29286 
29207 
29129 
29050 
28972 
48893 
28815 
28736 

48657 
28578 

28499 
28420 
28342 
28263 
28183 
28104 
28025 

27946 
27867 

47787 
27708 
27629 

«7S49 

27470 

27390 
27310 

27231 


Sine 


57|  Deg. 
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83i  Deg. 


TAHLB  v.— Log.  Sintp,  pto. 


83  Deg. 


:i 

i8 

»9 
ao 

2T 
22 

»3 

3»  a* 

a5 

26 

a? 
a8 

29 

JO 

31 
3* 

3»  33 
34 
35 
36 

37 

38 

39 
40 

41 

43 

44 

45 
46 

47 
48 

49 
50 

5- 
53 
54 
55 
56 
57 
58 

59 

60 


Sine- 


727228 
72742* 

747628 

727S2S 
728027 
728227 
728427 
728626 
728825 

729024 

7*9**3 

729422 

729621 

729820 

7 jCOi  S 
730216 

7304»5 
730613 

730811 
731009 
731206 
731404 
731602 
731799 
731996 
732193 
732390 

732587 
732784 

732980 
733177 
733373 
733569 
733705 
733961 

734157 

734353 

734549 
734744 
734939 

735135 
73533^^ 
7355*5 

735719 
735914 
7  3  6 1 09 


334 

333 
333 
333 
333 
113 
33- 
33a 
33* 

33* 

331 

331 
331 

331 

330 

330 
330 
330 

330 
3-^9 
3-9 
3*9 
1*9 

3-9 
328 
328 

3*8 

3*8 
328 

3*7 

1*7 
3*7 
3*7 
3*7 
326 
326 

326 
326 

3*5 

1*5 
3-5 
3*5 
3*5 

324 


Cosec.  Tan?. 


lO' 

272772 

272372 

1  "7  T    I  TO 

/  "  ^  / 

271973 
271773 

^7' 575 
27137+ 
271175 

270976 
270777 
270578 
270379 
270180 
69982 
269784 
269585 
269387 

269189 
268991 
26S794 
268596 
268398 
268201 
268004 
267807 
267610 

26741 3 
2672 1  6 
267020 
266823 
266627 
266431 
266235 
266039 
265S43 

265647 
265451 
265256 
265061 

64S65 
264670 

264475 

264281 

264086 
263891 


CO0.    D.  See. 


799997 

800277 
S00557 
S 00836 
8oiti6 
801396 
801 675 
801955 
802234 

802513 

802792 
803072 

80335' 
803630 
80390S 
8041  <i7 
804466 
804745 

805023 
805302 
805580, 
805859 
806137 
806415 
806693 
806971 
807249 

S07527 
807805 
808083 
808361 
508638 
808916 
809193 
809471 
^09748 

810025 
810302 

810580 

810857 


D. 


Ill 


8 1 1410 
811687 

811964. 
812241 
812517 

Ck>t 


466 
466 
466 
466 
466 
466 
466 
466 
465 

465 

465 

465 
465 
465 
465 
465 
464 
464 

464 
464 
464 
464 
464 
463 
463 

+^>3 
463 

463 
463 
463 
463 
462 
462 
462 
462 
462 

462 
462 

462 
462 


461 

461 

461 
461 


Cot.  J  Sec. 


200003 

997*3 

99443 
99164 
98884 
98604 
98325 
98045 
97766 

97487 
97208 


10-07 


2769 

2849 
2929 
3009 
3089 
3169 

3*49 

33*9 

3489 
3569 


D.  Cos. 


96928  3649 
96649 
96370 
9609 

958*3 
95534 
95*55 


94977 
94698 
94420 
94141 
93863 

93585 

93307, 
93029'  4778 

92751  4859 


3730 
3810 
3890 
3971 
4051 

413* 
4212 

4*93 

4374 

4455 

4535 
4616 

4697 


9*473 

9*«9S 

91917 

91639 
9 1 362 
91084 
90807 

90529 
90252 

89975 

89698 

89420 
89143 
88866 
88590 
88313 
88036 

87759 
874S3 

Tug. 


4940 
5021 
5103 

5>84 

5265 

5346 
54*8 

5  5c  9 
559' 
5672 

5754 

5836 

5917 

5999 
6081 

6163 

6245 
6327 
6409 

Cos. 


99* 
7231 

7151 

7071 
6991 
691 1 
6831 
6751 
6671 

659* 

651 1 

6431 
6351 

6270 

6190 

61  10 

6029 

5949 

5868 

5788 
5707 
5626 

5545 
5465 
5384 
5303 

5222 

5141 

5060 

4979 
4897 
4816 

4735 
4654 

457* 

4491 

4409 
£.  43-8 


'33 

>33 

'33 

'33 

»33 
133 

>33 

'11 

133 

134 
*34 

134 
'34 

134 

134 

*34 

134 
134 

134 
»34 
»34 
»35 
'35 
'35 
135 
135 
'35 

'35 
135 

13s 

'35 

136 

136 

136, 
136 


136 

13" 
1 36 

136 

136 

'36| 

137 

'37 


4104 
4083 
4001 

39»9 

3S37 
3755 
3673 
359' 


D.  Sine 


67|  Deg. 


67  Deg. 
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33  Deg. 


TABLE  v.— LoQ.  Suraa,  em. 


331  Deg. 


33  o 

I 

2 

3 
4 
5 
6 

7 
8 

33  9 

lO 

II 

1% 

"3 

»4 

'5 
s6 

»7 

33  ^8 
19 
ao 
21 
%% 
as 
*♦ 
*5 
a6 

33  «7 

29 

30 

3" 

32 

33 
34 

35 

33  36 
37 
38 

39 

40 

41 
42 

43 
44 
45 


Sine 


97 
36109 

36303 
36498 
36692 
368S6 
37080 
37*74 

37467 

37661 

37855 
3804! 

38241 

38434 

38627 

38820 

390*3 
39200 

3939« 

39590 

39783 

39975 
40167 

40359 

40550 

40741 
4^934 

41125 

41316 
41508 
41699 
41889 
420S0 
42271 
4Z462 
4*65* 
42842 

43033 
43**3 

434«3 

43602 

43792 
43982 
44171 

44361 
44550 
44739 


OOB. 


2X  Coaec 


3H 

324. 

3H 
3*3 
3*3 
3»3 
3*1 

3*3 

324 

322 
322 

322 

3»» 
321 
321 
321 

3*1 

321 

320 
320 

3»o 

32c 

320 
319 
319 

3»9 

319 

319 
318 

3"f 

3«8 

318 
317 
317 

317 
317 
317 
316 
316 
316 
316 
316 

315 
315 


io*a 

63891 
63697 
63502 
63308 
63114 
62920 
62726 
62533 
6*339 

'45 
6195Z 
61759 

61566 

61373 
61 1 80 
60987 
60794 
60602 

60410 
60217 
60025 

59833 

59641 

59450 

58875 
58684 
58492 
58301 

58111 

57920 

57729 
57538 
57348 

5715? 

56967 
56777 
56587 

56398 

56208 
56018 

55819 

55639 
55450 
55261 


D.  Sec; 


812517 

812794 
813070 
813347 
813623 
813899 

8>4i75 
814452 
Si47a8 

Si  5004 
815279 

815555 
815831 
8 1 6107 
816382 
816658 

*«6933 
817209 

817484 

817759 
818035 

818310 

818585 

818860 

819135 

819410 

819684 

819959 
820234 
820508 

820783 

82 1057 
82 1 332 
82 1606 
82188c 
822154 

822429 
822703 
822977 
823250 

823524 

823798 
824072 

824345 
824619 
824893 


D. 


461 
461 
461 
460 
460 
460 
460 
460 
460 

460 

460 

459 
459 
459 
459 
459 
459 
459 

459 

459 
458 

458 

458 

458 

458 

458 

458 

458 
458 
457 

457 
457 
457 
457 
457 
457 

457 
457 
456 

456 

456 
456 
456 
456 
456 


Cot 


'874»3 
187206 

186930 

186653 
186377 
t86ioi 

185825 
185548 
185272 

1S4996 
184721 
184445 
1 841 69 
183S93 
183618 
183342 
183067 
182791 

182516 

182241 
81965 
81690 
81415 
81 140 
80865 
80590 
80316 

80041 
79766 

79492' 
79217 

78943 
78668 

78394 
78120 

77846 

17757 » 

77*97 

77023 
76750 

76476 
76202 
75928 

75655 
75381 
75'°7 


Sec. 


76409 
76491 

76573 

' '  ^  ^ 

76737 
76819 

76902 
76984 
77067 

77149 
77*3* 
77314 

77397 
77480 

7756a 
77645 
777*8 

77811 

77894 

77977 
78060 
78143 
78226 
78309 
78393 
78476 
78559 
78643 
78726 
78810 
7S893 
78977 
79061 

79144 

79228 
79312 

79396 
79480 

79564 
79648 

79732 

79816 

79901 

79985 

80069 
801  54 


D. 


Cob. 


37 
37 
37 
37 
37 
37 
37 
37 
37 

37 

H 

38 

38 
38 
38 
38 

38 

38 

38 
38 
38 
39 
39 
39 
39 
39 
39 

39 

39 

39 

39 

39 
40 

40 

40 

40 

40 
40 
40 

40 
40 
40 
40 

40 

41 


Oct  I  D.  I  Tmg.  I  Cos.  iDTI  Sine 


99 

a359» 

23509 

23427 

»3345 
23263 

23181 

23098 

23016 

22933 

22851 
22768 
22686 
22603 
22520 
22438 
22355 
22272 
22189 

■z  ?.  T  o  6 
22023 
21940 
21857 
21774 
21691 
21607 
21524 
21441 

21357 
21274 

21 190 

21  107 
21023 
20939 
20856 

20772 

20688 

20604 
20520 

20436 
20352 

20268 
20184 
20099 
2001  5 
19931 
19846 


60 

59 
58 
57 
56 
55 
54 
^53 
56  5* 

51 
50 

48 

47 
46 
45 
44 

56  43 

4* 
4» 
40 

39 
38 
37 
36 
35 
56  34 

33 
32 

3» 

30 
29 

28 
27 
26 

$6  25 

24 

»3 

22 

:  T 
20 

19 
18 

17 
16 

56  15 


57  Deer. 
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117 


88f  Peg. 


Table  v. — log.  s>i^m,  ktc. 


344  Deg. 


o  / 

Sine 

r 

744739 

46 

744928 

47 

745"? 

.  0 

4« 

745306 

49 

745494 

5^ 

745^=3 

5' 

74587' 

s* 

740059 

53 

33  54 

746436 

55 

746624 

56 

746512 

57 

74°99y 

7471 S7 

59 

747374 

74.7502 

I 

747749 

z 

747930 

34  3 

748123 

4 

748310 

S 

748497 

w 

y4<'Oo3 

7 

74""7o 

8 

/49">" 

9 

74^243 

II 

749***  5 

34 

749S01 

T  ^ 

"  .) 

750172 

»5 

750358 

_  c 

10 

750543 

17 

750729 

tS 

750914 

»9 

751099 

%o 

751284 

34  ^1 

7  -;  1  ^.f.'ii 

22 

751654 

23 

751839 

*4 

752023 

*S 

752208 

26 

75^39^ 

752576 

28 

752760 

29 

75*944 

30 

753128 

Coa. 

Coeec 


3 
3^9 
309 

309 

309 
309 

308 

308 
308 

308 
308 
308 
307 
307 
307 
307 
307 
306 


T»Dg. 


3^55261 

15507* 
254883 
254694 
454506 

»543»7 
454129 
253941 

253752 

253564' 
253376 
253188 
253001 
52813 
252626 
252438 
252251 
252064 

251877 
51690 
251503 
251317 
251130 
150944 
450757 
250571 
250385 

250199 

25001 3 
249828 
249642 
249457 
249271 
249086 
248901 
248716 

248531 
248346 
248161 

247977 
247792 
247608 

54.74*4 
447440 

247056 

246872 


IK 


!**  456 

825439 

825713 
825986 
826259 
826532 
826805 
827078 


D. 


56i  Deg. 


827351 
827624 
847897 
828170 

S28442 
828715 
828987 
829260 
829532 

829805 

830077 

830349 
830621 

830893 
831165 

831437 
831709 

831981 

832253 

832525 
832796 
833068 

833339 
833611 

833882 

834«54 
834445 

834696 
834967 
835238 
835509 
835780 
836051 
836322 
836593 
S3^S''.v 
837134 


456 

4SS 

455 
455 
455 
455 
455 
455 

451 

455 

454 
454 
454 

454 
454 
454 

454 

454 
454 
453 
453 
453 
453 
453 
453 
453 

453 
453 

453 

452- 

45* 
452 
452 
452 

45* 

452 

45a 

452 
452 

451 
451 
451 


Cat  \  Sec. 


10* 


75107 

74834 
74561 

74*87 
74014 
73741 
734^8 

73195 

72922 

72649! 091 5 
74370  to 
74103  1085 
71830  1170 

71558  1255 


io'o8 


0154 
0238 
0323 
0407 
0492 
0576 
0661 
0746 
0S31 


D.  I  Cos. 


99 1 


71285 
71013 

17C740 
70468 

7019^ 
69923 
69651 
69379 

69107 

68835 
68563 

68291 

68019 

67747 

67475 
67204 
6693  2 
66661 
66389 
66118 
65846 

65575 
65304 
65033 
64764 
64491 
64220 

63949 
63678 
63407 

^3:36 

f':_  S  66 


134I 
1446 

1511 
1596 
1682 
1767 
1853 
1938 
2024 
2109 
4195 
2281 
2366 

2452 

^538 
2624 
2710 
2796 
2882 
2968 

3054 
3141 

3227 
3313 

34«> 

3486 

3573 
3659 
3746 
3833 

39'9 
4c  06 


41 

41 
41 
4i 
41 

41 

41 

41 

41 

4* 

4* 
4* 

4» 

142 

42 

4 

42 
42 

4a 
4i 
43 

43 
43 
43 
43 

43 
43 
43 
143 

43 

44 

44 
44 
44 

44 


44 

44 
44 
44 
44 


9846 
9762 
9677 

9593 
9508 
9424 

9339 

9254 

9169 

9085 
9000 

S830 

8745 
8659 

«574 

8489 

8404 

8318 
8233 
8147 
8062 
7976 

7891 

7805 
7719 
7634 

7548 
746a 

7376 
7490 
7404 
7118 

7032 
6946 
6859 

6773 
6687 


Sec,  j  Cot,  j  D.  I  Tang.  [  Cos. 


^6600 

6514 
6427 
6341 
6254 

^5,  6081 
45  555^ 


Sine 


55^  Deg. 
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MATHEMATICAL  TABLES. 


TABLE  v.— Loo.  Siites,  etc. 


30 

V 

3z 

33 
34- 

35 
36 

37 

38 

34-  39 
40 

4' 

43 
44 

*4 

47 

34  4« 

49 
50 
5« 
5* 
53 
54 
55 
56 

34  57 
58 
59 

35  c 
I 
» 
3 
4 
5 

35  6 


9 

10 
II 
ti 
II 

«5 


Sine 


753128 

753312 

753495 

753679 
753862 

754046 

754-22  <; 

754412 

7S4595 

754778 

755'43 

755326 

75550^ 
755690 

755«7a 

756054 
756236 

756418 
756600 
756782 
756963 

757»44 
757326 

757507 

757688 
757869 

758050 
758130 
75841 1 

758772 
758952 
759132 
759312 

75M9* 

759672 

75985- 
760031 
76021 1 
760390 
760569 
760748 
760927 
761 106 
761285 


D. 


Gob. 


306 
306 
306 
306 
305 

3^5 
305 

305 

304 
304 
304 

304 

304 
304 

303 
303 

3-3 

303 
303 
302 
3C1 

3^- 
302 
302 
301 
301 

301 
301 

301 
300 
300 
300 
30c 
300 

299 
299 
299 
299 

*9; 

29? 

298 

298 


C08^ 


10^ 

24687Z 
46688 
246505 
246321 
246138 
24.5954. 

24577 X 

245588 
245405 

245222 
245040 

244857 
244674 
244492 
244310 
244i«8 
243946 
243764 

243582 

243400 
243218 

H3037 

4r^56 

242074 

241493 

2423 1 2 

242131 

241950 

141770 
241589 
241409 
241228 
241048 
240868 
240688 
240508 

240328 
240148 
239969 
239789 
239610 

439431 

239252 

239073 
238894 
238715 


Taog.  D 


Sec. 


L 
837134 
837405 
837675 

837946 

8382!6 
838487 

S5S757 
839027 
839297 

839568 
839838 
840108 
84037S 
840647 
840917 
841187 
8iT-;-- 


45' 
451 
451 

45^ 
451 
450 
450 

450 

450 

450 

450 
450 
450 
450 

449 

449 

449 


841006 

842535 
S428C  ■ 


843074 

843343 
843612 

843882 

844151 

844420 

844689 
844958 
845227 
845496 
845764 
846033 
846302 
846570' 

846839! 
847107' 
847376 

847644 
847913 
848181 

848449 
848717 
8489S6 
849254 


Cot. 


449 
44;/ 
449 
449 
449 

449 

448 

448 

448 
448 
448 
448 

448 

448 
448 
448 
447 

447 
447 
447 
447 
447 
447 
447 
447 
447 


Cot  I  Seo.  I f  0(». 


lO* 

62866 

6»595 

62325 
62054 
61784 

61513 
61243 

60973 
60703 

60432 
60162 
59892 
59622 

59353 
59083 
58813 

5^543 
58274 

58004 

57734 

57465 

S7«95 
56926 

56657 

56388 
56118 

55849 
55580 
553" 
5504a 
54775 
54504 
54*3* 
53967 
53698 

53430 

53161 

5*893 
52624 

5^35*5 
5*087 
51819 

51551 
51*83 

51C14 
50746 


D»  1  Tang. 


io-o8 
4006 

4093 

4180 

4267 

4354 

4441 

45*8 

4615 

47^3 

4790 

4877 
4965 

5052 

5140 

5**7 

5315 

5402 

549^ 

5578 

5666 

5754 
5844 

6ei8 

6 106 
6194 
6282 

6370 
6459 
6547 
6635 
6724 
6813 
6901 
6990 
7078 

7167 
7256 

7345 

7434 

75*3 
761S 

7701 

7790 

7S79 

7969 


45 
45 
45 
45 
45 
45 
45 
45 
4' 

45 
46 
46 
46 
46 
46 
46 
46 

46 

46 

46 

47 
47 
47 

47 
47 
47 
47 

47 
47 

47 

47 

47 

48 
4S 
48 
48 

48 
48 
48 
48 
48 
48 

49 
49 

49 


Cos.  IP.  Sine 


9-9^ 

5994 
59'^7 
5820 

5733 
5646 

5559 
547* 

5385 

57-9- 

521c 

51*3 

5035 

4948 
4860 

4773 
4685 

4598 

45 10 

4422 

4334 
4246 
4158 
4070 

3982 
3894 
3806 
37«« 

3630 

354« 
3453 

3365 

3*76 
3rg7 
3099 
3Q10 
2922 

2833 
*744 

1655 

2566 

2477 
2388 
2299 
2210 

2I2I 
2031 


5fti  Deg. 


UATHEUATICAL  TABLES. 
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36^  Peg.  TABLE  Y.— i.t>o.  Hisen,  urc  36  Peg. 


Sice 

D. 

Cosec 

Tang. 

21 
849254 
S49522 

84979c 
850058 

8503*5 

S50593 

850S61 
851129 
851396 

851664 
851931 
852199 
852466 

85*733 
853001 

853268 

S53535 
853802 

854069 
854336 
854603 
854870 

855137 
855404 
855671 

855938 
856204 

856471 
856737 
857004 
857270 

857537 

857803 

858069 
858336 
858602 

85886S? 

859134 

8  ^9400 
859666 
859932 
S60198 
860464 
860730 
860995 
861261 

D. 

Cot. 

Sec.  ID. 

C08» 

l6 

17 
i8 

19 
20 

2t 
22 

23 

35  a4 

*5 

26 

»7 
28 

29 
30 

31 
3* 

35  33 

34 

35 
36 

37 
38 
39 
40 
41 

35  4» 

43 

44 

45 
46 

47 

48 

49 
50 

35  51 
5* 
53 
54 
55 
56 
57 
5« 

60 

97 

612SS 
61464 

61642 
61S21 
6  i9gg 
62177 
62356 

6*534 
62712 

62889 

63067 

63245 
63422 
63600 

63777 
63954 
64131 
64308 

64485 
64662 

64838 
65015 
65191 

65367 

65544 
6572c 

65896 

66072 
66247 
66423 
66598 
66774 
66949 
67124 
67300 

67475 

67649 
67824 

67999 
68173 
68348 
68522 
68697 
68871 

69045 
69219 

298 

298 
297 
297 

^97 
297 
297 
296 
296 

296 

296 
296 
296 

295 

295 

295 
295 
»95 
294 
294 
294 
294 
294 
294 
»93 
^93 
293 

293 

*93 
293 
202 
292 
292 
292 
292 
291 

291 
291 
291 
291 
290 
290 
290 
»90 
290 

IO"2 

387^5 

355536 

3S35S 

38179 

38001 

37823 

37644 
37466 

3728S 
37111 

36933 

36755 
36578 
36400 
36223 
36046 

35869 

35692 

355>5 
35338 

35162 

34985 
34809 

34633 
34456 

34280 

34104 

339«5^ 

3  3753 
33577 
33402 
33226 

33051 
32876 
32700 

3*5*5 

32351 
32176 
32001 
31827 

3*65* 

31478 

31303 
31129 

30955' 
30781 

447 

447 
446 
446 
446 
446 
446 
446 
446 
446 
446 

446 

4-1 6 

445 
445 
445 
445 
445 

445 
445 
445 
445 
415 
445 
444 
444 
444 

444 

444 
444 
444 
444 
444 
4H 
443 

443 

443 
443 
443 
443 
443 
443 
443 
443 

JO" 

150746 

1 5047 8 
1 502 1 c 
149942 
149675 

149407 

149139 
14SS71 
i4S!6o4 

148336 
148069 

147S01 

147534 
147267 

146999 

146732 

146465 
146198 

145931 

145664 

145397 

»4S»3o 

144863 

144596 
144329 
144062 
143796 

1435*9 

143263 

142996 

142730 
142463 

*4**77 

141931 

141664 
141398 

I4I132 

140866 

140600 
140334 
140068 
1 39802 
139536 
139270 
139005 
'38739 

lo-o 

87969 
I  88058 

88147 

83237 
88316 
88416 
88505 
88595 
88685 

88774 
88864 
88954 
89044 
89134 
89224 
8^314 
89404 
89494 

89585 
89675 
89765 
89856 
89946 
90037 
901 27 
90218 
90309 

90399 
90400 

90672 
90763 

90*54 

90945 

91036 
91127 

91219 

91310 

9 1 40 1 

9H93 
91584 

9 1 676 
91767 
91859 
91951 
92042 

149 
149 
149 
149 
149 

»49 

149 

149 

150 

150 

150 

150 
150 
150 

150 
150 
150 

15c 

151 

i5i 
15' 

151 

«5i 
«5i 

»Si 

^5' 

151 
152 

152 

15* 

152 
152 
152 

15^ 
152 
152 

15* 

'53 

153 
153 
153 
'53 

19 
12C31 
1 1942 
11853 
11763 
11674 
11584 
11495 
11405 
11315 

1 1226 
11136 

1 1046 
10956 
10866 
10776 
10686 
1C596 
10506 

10415 
1C325 
10235 
10144 
10054 
C9963 

09873 
09782 
09691 

09601 

09510 
09419 
09328 
09237 

09055 

08964 
08873 

08781 

08690 

08599 
08507 

08416 

08324 
08233 
08141 
08049 

07958 

45 
44 

43 

42 

4  J 
40 

39 

54  37 
36 
35 
34 
33 
3* 
3' 

30 

29 

54  *8 

*7 
26 

*5 

24 

23 
22 

2 1 

20 

54  19 

18 

16 

15 
14 

13 
J 

12 
II 

54  10 

9 
8 

7 
6 

5 
4 

3 

n 

1 

54  0 

'  Con.  1  D.  1  See.  1  Cor. 

D. 

Tang. 

Cofl. 

D. 

Sine 

»4f  Peg. 
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IIATHEHATICAL  TABLES. 


TABLlfi  v.— Log.  Stwes,  naa 


36|  Peg. 


o 
I 

2 

3 
4 

5 

6 

7 
% 

lo 
II 

12 

13 
14 

15 
16 

»7 

3$  18 
19 
10 

M 

»3 

«♦ 

*5 
s6 

36  vj 
a8 
29 
30 

3J 

32 

33 
34 

35 

36  36 
37 
S8 
39 
40 

41 

4.2 

43 

44 
45 


Bine 


r 

769*19 
769393 
769566 
769740 
769913 

770460 

77<H33 
770606 

770779 
770952 
771145 

771298 
771470 
771643 
771815 

771987 
77»iS9 

77*331 
774503 
774675 
77*847 

7730*8 

773190 

773361 

773533 
7737©4 

773875 
774046 

774417 

774388 

774$5« 

774729 

774*599! 
775070 

775240 

7754'° 
77558'^' 

775750,' 
775920] 
776090 
776259 
776449 
776598 
776768 
776937 


290 
289 
489 
289 
2S9 

*S 
488 

288 


Coaec. 


lO' 

230781 
430607 

*30434 
230260 
230087 
229913 
»jt974o 
4*9567 
»«9394l 


;gg  1429048 

^4j_;2287oa 
' '  228530 
'  228357 


487 

»87 
487 
487 

286  1 
486 


O08. 


*86 

286 
286 
&85 
285 
28s 

285 
285 
285 

*H 

484 

284 
484 
484 
284 

283 
283 
283 
283 
2S3 
483 
282 
282 
282 


Z28185 
228013 
227841 

27669 
227497 


XS7153 

146992 

426810 
226639 
226467 
226296 

226125 
225954 

225783 
225612 

»»54*a 

22527T 

225101 
22493c 
24476c 

444590 
224440 
224250 
244080 

2239 1  c 

443741 
443571 

223402 
223232 


Tang. 


.D. 


91 
861261 
861547 
861794 
864058 
864323 
864589 
862854 
8631 19 
W3385 
863650 
863915 
S64180 
864445 
864710 
864975 
865240 
865505 
865770 

866035 
866300 
866564!)^ 
866829 

867094 

867358 
867623 
867887 
868154 

868416 
868680 

868945 


443 
443 
444 

44* 

44Z 

442 
441 

442 
442 

442 
442 
44a 

44a 

442 

44 
44 

44 
44 

44 


44 
44 
44 

44 
44 
440 
440 

440 


869209 

869473 
869737 
870001 

870265 
870529 

870793 
871057 
8713*1 
871585 

871849 
872112 
87*376 

872640 


223063  873167 

Seo.  1  Coi 


440 
440 

440 

440 

440 

440 

440 
440 
440 

440 

439 
439 
439 

872903 


Cot 


Sec. 


lO" 

38739 

38473 

38208 

3?'jA-- 
37677 
37411 
37146 
36881 
366151 

3635 

36085 

35820 

35555 
35490 

3  5<»5 
34760 

34495 

34230 

33965 
33700 

3343* 

3  3 171 
32906 

34644 

3*377 
32113 

31848 

31584 
31320 

3^055 
30791 

30527 

30263 
29999 

*9735 

29471 

29207 
28943 
28679 
«84i5 

28151 
47888 
276*4 

27360 
27097 
46833 


iox)9 


S042 
4134 
4446 
2318 
2410 
S504 

2594 
2686 
2778 

2871 
2963 
3055 
3148 
3240 

3333 

34*5 

35»« 
36S1 

3704 

3796 
3889 
3982 

4075 
4168 

4461 

4355 

4448 

4541 
4634 
4728 
4821 

49  >  5 
5008 
5102 

5196 
5489 

5383 
5477 

557J 

5665 

5759 
5853 

5947 

6041 

6136 
62';o 


Tang.  lOoB. 


D. 


53 
S3 
53 

53 
53 
S3 
53 

54 
54 

54 
54 
:S4 
54 
54 
54 
154 
154 
'55 

55 
55 
55 
55 
55 
•55 
tS5 
55 
55 

55 
56 
56 
56 
56 
56 
56 
56 
156 

56 
56 

r57 
'57 
57 
E57 

57 

■57 
57 


51  Do^?. 


Coa. 

990 

7953 
7866 

7774 
7682 

7590 

7498 
7406 

73H 
7*2* 

7129 

7037 
6945 

6852 

6760 

6667 

6389 

6296 
6204 
611 1 
6018 

59«S 

5832 

5739 
5^45 
555» 

5459 

5366 

5272 
5179 

5°85 
4992 

4898 
4804 
4711 

4617 

45*3 
44*9 

4335 

4241 

4H7 
4053 

3959 
3864 

3770 

Sine 


60 

59 
58 

56 

55 
54 
53 
53  5a 

51 
50 

49 

48 

4« 

45 
44 
53  43 

4* 
41 
40 

39 
38 
37 
36 

35 
53  34 

33 

.  3* 

31 
30 

*9 

28 

47 
*6 

53  *5 
44 

»3 

22 

21 
40 

»9 
18 

17 
16 

5315 


rv, 


MATHEMATICAL  TABLES. 
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85|  Beg. 


TABLE  y.— Log.  Bam,  BIO. 


87^  Dog. 


86  45 
46 

47 

48 

49 

s» 

53 

36  54 
55 
56 

o 
I 
2 


37 


37 


3 

4 

5 
6 

7 
S 

9 

10 

II 

37  i» 
«3 
14 

«5 

16 

»7 
iS 

»9 
ao 

37  •> 

22 
23 
*4 

*l 

a6 

*7 

29 

 30 


D. 


?7 

76937 

77106 

77*75 

77444 

77613 
77781 

7795° 
78119 

7S287 

7845s 
78624 

7879 

78960 

791S8 

79295 

79463 
79631 

79798 

79966 

80133 

8030G 
80467 
80634 
80801 
8096  8 
81134 
81301 

81468 
81634 
81800 
81966 
82132 
82298 
82464 
81630 
82796 

80961 

83127 
83292 

«345S' 
83623; 

83788, 

^3953i 
841 1 8 

84*8$ 

84447 
Cos. 


28a 
a8a 

281 

281 
281 
281 
281 
281 
280 

280 

280 
280 
280 
280 
279 
279 
279 
279 

279 
279 
278 
278 
278 

278 
278 
277 

277 

277 
277 

277 

277 

»7^ 
276 
276 
276 

276 

276 

275 

275 
275 

275 

275 
275 
274 

"dT 


OMec.  Tang.,  D. 


lO'a 

23063 
22894 

»a7*5 

22556 

22387 
22219 
Z2050 
zi88i 
21713 

**545 
21376 

Z1208 

21040 

20872 

20705 
20537 
20369 
20202 

20034 
19867 

1 9700 

»9533 
19366 

19199 

19032 
18866 
18699 

18532 
18366 
18200 
18034 
17868 
17702 
17536 
17370 
17204 

17039 

16873 
16708 
16542 
16377 
16212 
16047 
1 5882 
15718 

«55S3 
See. 


21 
73167 

73430 

73694 

73957 
74220 
74484 

74747 
75010 

75*73 

75S3« 

75800 

76063 
76326 

76589 

76S51 

77*  H 

77377 
77640 

77903 
78165 

78428 

78691 

78953 

79216 

79478 

7974' 
80003 

80265 
80528 
80790 
81052 
81314 
81576 
81839 
82 10 1 
82363 

82625 

82887 
83148 
83410 
83672 

83934 
84196 

84457 
84719 
84980 

Coi 


439 


Cot 


Sefr 


lO'l 

26873; 
26570 
''^59  126306 
'^^'^  ^26043 
25780 
25516 
25253 
24990 


439 
439 
439 
439 
439 
438 

438 

438 

438 

438 

438 

438 

438 
438 

438 

438 

438 

43S 

438 
437 

437 

437 
437 
437 

437 
437 
437 
437 
437 
437 
437 
437 
436 

436 
436 

436 

436 

436 
436 
436 

436 

436 


24727 

24200 

23937 

23674 
23411 

23149 
22886 
22623 

22360 

22097 
21835 


21 


57. 


21309 
2IQ47 

20784 

20522 

20259 

29997 

29735 
19472 

19210 
T8948 

18686 

18424 

I8I6I 
17899 

17637 

>7375 

17113 

16852 
16590 

16328 
16066 

1 5804 

^5543 
15281 

15020 


D.  Tang. 


10* 

09623c 
096324 
096419 
096513 
096608 
096702 
096797 
096892 
096986 

097081 
097176 

09727 1 
097366 
097461 

097556 
097651 

097747 

097842 

097937 
098033 

098128 
098224 
098319 

098415 

098510 

098606 

098702 

098798 
098894 
098990 
099086 
099182 
099278 
099374 
099471 
099567 

099663 

099760 
099856 

«99953 
100049 

100146 

100243 

100340 

100436 

^00533 

Cob. 


D. 


57 

57 

57 

57 

58 

58 

58 

S8 

58 

59 
59 
59 
59 

S9 

S9 

59 
59 
59 
59 

59 

59 
60 

60 

60 
60 
60 
60 
60 
60 
60 
60 
6 

6 
6 
6 
6 
6 
6 
6 
6 


X>. 


V/08. 

z 

903770 

te 
•J 

903676 

14 

903581 

«3 

903487 

12 

903392 

11 

903298 

10 

903203 

9 

903108 

8 

903014 

53 

7 

902019 

6 

902824 

5 

5KK1729 

4 

902634 

3 

902539 

2 

902444 

I 

9U2349 

53 

0 

902253 

59 

9021 58 

52 

902063 

57 

901967 

56 

901 872 

55 

901 776 

54 

901681 

53 

901585 

5* 

901490 

51 

901394 

5^' 

90 1 298 

52 

49 

9c I Z02 

48 

901 106 

47 

901010 

46 

900914 

45 

9C0818 

44 

900722 

43 

900026 

4» 

900529 

41 

900433 

52  40 

900337 

39 

900240 

38 

900144 

900047 

36 

35 

899854 

34 

899757 

33 

899660 

32 

899564 

3^ 

899467 

52  30 

Sine 

0 

58^  Deg. 


62^  Deg. 


K 
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TABLE  v.— Log.  Sfnt-s,  etc. 


38i  Deg. 


JO 

3« 
J» 

3$ 

34 

35 
36 

$7  39 

4« 
41 

42 

43 
44 

45 

46 

47 

37  4S 
49 
5» 
51 
5a 
53 
54 

37  57 
58 

59 

38  o 
I 

2 

3 
4 

5 
6 


38 


7 
8 

9 
10 

II 

I» 

>3 

14 

15 


?! 
784447 

784776 

784941 

785105 
785169 
785433 
785597 
785761 

785925 
786089 

7Mz5a 

786416 
7S6579 
786742 
786906 
787069 
787232 

787395 
787557 
787720 

7*7883 
788045 

7S8zo< 

788570 
788532 

788694 

788856 
789018 
789180 

7^934^ 

789504- 
789665 

789827 
789988 

790149 

790310 
790471 

790631 
790793 
790954 

79i"5 
79»*75 
791436 
791596 
79^757 
Cos. 


274 

»74 

274 

274 

a74 

273 

273 
273 

*73 
273 
273 

272 
272 
272 
272 
272 
272 
271 

271 
271 
271 
271 
271 

»7i 

270 
270 
270 

270 

270 
27G 
269 
269 
269 
269 
269 
269 

268 
468 

268 
268 
268 
268 
267 
267 
«67 


Cosec. 


1  o- 

'i553 
15388 
15224 
15059 
14895 

14731 

14567 

14403 
14239 

14075 
13911 
13748 

13584 
1 342 1 

13158 

13094 

12931 
12768 

12605 
12443 
12280 
12117 

"955 

11792 

11630 
11468 
11306 

11144 
10982 

10820 
10658 
10496 

»o335 
10173 

1001 2 

Z0985 1 

209690 
209529 
209368 
209207 
209046 
208885 
208725 
208564 
208404 
ao8x43 


Taag.  !>• 


DTI  Se;:. 


884980 
885242 
885505 
885765 
886036 
886288 
886549 
886810 
887072 

887333 
887594 

887855 

888116 

888377 
888639 
8889C0 
889160 
889421 

889682 
889943 
890204 
890465 
890725 
890986 
89 1247 
891507 
891768 

892028 
892289 
892549 
892810 
893070 
893331 
893591 
893851 
894111 

894-37' 
894632 

894892 

895152 

895412 

895672 

89593* 

896192 

896452 
896712 


Got 


436 

436 

436 
456 

436 

436 

4-35 
4-35 
435 

435 
435 
435 
435 
435 
435 
435 
435 
435 

43  S 
435 
434 
434 
434 
434 
434 
434 
434 

434 
434 
434 
434 
434 
434 
43+ 
434 
434 

434 
433 
433 
433 
433 
433 
433 
433 
433 


Cot.    Sec  D. 


15020 

»47S8 

14497 

14235 

»3974 
13712 

13451 
13190 

12928 

12667 
12406 
12145 
11884 
11623 
11361 
moo 
10840 
10579 

10318 

10057 

09796 

09535 
09275 
09014 
08753 
08493 
08232 

107972 
0771 1 

07451 
07190 
06930 
06669 

06409 
06 149 
05S89 

05629 
05368 
05108 
04848 
04588 
04328 
04068 
03808 

03548 

03288 

Tang. 


lO'JO 


0533 

0630 
0727 
0824 
0922 
1019 
II 16 
1213 
1311 

1408 
1506 
1603 
1701 
1798 
1896 
1994 
2092 
2190 

2288 
2386 
2484 
2582 
2680 
2778 
2877 

*97S 
3074 

3172 
3271 
3369 
3468 

3567 
3665 

3764 

3863 

3962 

4061 

4160 
4259 

4359 
4458 

4557 
4657 
4756 
4855 

4955 
Cofl.  I  D. 


162 

162 
62 
62 

62 
62 
62 

62 

62 

62 
63 
63 
63 

63 

63 
63 

63 

63 

63 

63 

63 
64 

64 
64 

64 
64 

64 

64 
64 

64 
64 

«5 

65 

65 

65 
65 

65 

65 

65 

65 

65 
66 

66 

66 
66 


Cos. 


y89 
9467 

9370 

9273 
9176 

9078 

8981 
8884 

8787 

8689 

8592 
8494 

8397 
8299 

8202 

8104 

8006 

7908 

7810 

7712 
7614 
7516 
7418 
7320 
7222 
7123 
7025 
6926 

6828 
6729 
6631 

653* 

6433 

6335 
6236 

613; 

603S 

5939 
5840 

5741 
5641 

554a 
5443 

5343 

5244 

5HS 

504s 


Sine 


52|  Deg. 
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TABLE  V.  -Loo.  Sums,  kkj. 


89  Deg. 


Sine  D 


3SIS 

i6 

»7 
iS 

»9 

20 

21 
22 
aj 

*5 
26 

27 

£g 
29 

30 

3* 

38  33 

34 
35 

36 

37 

3S 

39 
AO 

41 

3*  4« 
43 
44 
45 
4« 
47 
48 

49 
50 
38  51 
5* 
S3 
54 

58 

59 
6c 


X 

79»757 

791917 

792077 

79**37 

792^397 

79255 

797.716 

792876 
793035 
793195 


265 
793354^,65 
7935»4^  26? 

793832 

793991 

794150 

794.308 
7944«7 

794626 
7947«4 

79W-* 

795101 

795*59 
795417 
795575 

795733 

795891 

796049 
796200 

796364 
796521 
796679 

796836 
796993 
797150 
797307 

797464 
79762! 

797777 
797934 

79809 1 

798247 
798403 
798560 

798716 
798  S7?- 


267 

267 
267 
266 

266 
266 
266 
266 
266 


Cosee. 


Taag. 


I  Cos. 


265 
265 
265 
264 
264 
264 

264 
264 
264 
264 
263 
263 
263 
263 
263 

263 

463 
262 
262 
262 
262 
262 
261 
261 

261 
261 
261 
261 
261 
261 
260 
260 
260 


lo* 

208243 
208083 
207923 

207763 
207603 
207443 

2072S4 
207124 
206965 

206805 
206646 
206486 
206527 
206168 
206009 
205850 
205692 
20553} 

205574 
205216 
205058 
204899 
204741 
204583 
204425 
204267 
204109 

203951 

203794 

203636 
203479 
203321 
203164 
203007 
202850 
20269  3 

202536 
202379 
202223 
202066 

201909 
201753 
201597 

2G1284 
201128 


D.  I  Sec 


Z 

896712 

896971 
897231 

897491 
897751 
898010 
89S270 
898530 
898789 

899049 
899308 
899568 
899827 
900086 
900346 
900605 
900864 
901 124 

901383 

90T642 

9019 

9021 60| 


D. 


Cot 


433 
433 

433 
433 
433 
433 
433 
433 
433 
432 
432 
43Z 
432 

432 
432 
432 

43* 
+3* 

43* 

432 

432 
432 


lO* 

03288 

03029 
02769 

02509 
02249 
01990 
01730 
01470 
01211 

00951 
C0692 
00432 
00173 

099914 

C99654 

099395 
0991 36 
098876 

098617 

098358 

!c9S'c99 
&97840 


Sec  I  D. 


90H«9  IL  0975«» 

902938*  JJ^  097062 
43 


903197 
"501455 
903714, 

903973 

904232 

904491 
904750 

905008 
9052671 
905526 
905784 

906043 
906302 
906560 
906819 
907077 
907336 
907594 
907852, 
9081 II 
908369 

Cot 


43 

43 
43 
43 
43 

43 

43 
43 
43 
43 

41 
43 
41 
43 
43 
43 
43 
43 
430 


096803 

096545 

096286 
096027 
095768 
095509 
095250 
094992 
094733 
094474 
094216 

093957 
09  3698 
093440 
093181 
092923 
092664 
092406 
092148 
091889 
09163 I 

Tang. 


lO'IO 

4955 

505  s 
5 '54 
5254 
5354 
5454 
5554 
5654 
5754 

5854 
5954 
6054 
6154 
6255 

6355 
6456 

6556 

6657 

6757 
6858 
6959 
7060 
7161 
7261 
7362 
7464 
7565 

7666 
7767 
7868 
7970 
8071 
?i73 
8274 
8376 
8477 

8579 

8681 

8783 
8885 

8987 
9089 

9'9« 

9293 

9395 
9497 


Cob. 


66 

66 
66 
66 
66 
66 
67 
67 
67 

67 
67 
67 
67 

6 

67 
67, 
681 
68 

68' 
68' 
6S' 
68 
68 
68 
68 
68 
69 

69 
69 

69 

69 

69 
65 
69 

69 

70 

70 

70 

70 
70 
70 
70 
70 
70 
70 


(Jos. 


9-89 


5045 

4945 
4846 
4746 
4646 
4546 
4446 

4346 
4446 

4146 
4046 
3946 
3846 

3745 

3645 
3544 
3444 
3343 

3H3 
3142 

3041 

2940 

2839 

2739 

2638 

2536 

2435 
2334 
2233 
2132 
2030 
1929 
1827 
1726 
1624 
15-13 
1421 
1319 
1217 

«"5 

1013 

091 1 
0809 

0707 
0605 
0503 


Sine 


45 

44 
43 
42 
41 
40 
39 
38 
5«  37 
36 

35 

34 

33 
32 

31 

30 
29 

51  25? 

27 
26 

25 
24 

43 
22 

21 

20 
51  19 

li 

17 
16 

15 
14 
13 
12 
II 

51  10 

9 
8 

7 
6 

5 
4 

3 
2 
I 

o 


51 


.1?  D. 


61  Deg. 
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80  Peg. 


39  o 
I 
% 

3 
4 

5 
6 

7 
9 

t9  9 

II 

IS 

:i 

39  18 
«9 

»o 

21 

23 

»5 
26 

39  «7 

28 

»9 
30 

31 

3» 

33 

34 

35 

39  3« 

!  57 
38 

39 

40 

41 

42 

43 
44 

 45 


SiiM 


798872 
799184 

799339 
799495 
799651 

799806 
799962 

80C117 

800272 
800427 
800582 
800737 
800S92 
80104.7 
8ot«oi 
Soi 356 
801 51 1 

801665 
S01819 

801973 
802128 

802282 
802436 
802589 
802743 
802897 

803050 
803S04 
803357 
803511 
803664 
803817 
803970 
804123 
804276 

804428 
804581 
804734 

804886! 


260 
%6o 

259 

^59 
259 

259 

259 

258 
258 

zsi 

258 

-57 

»57 
a57 
H7 

^57 
256 
256 
256 
256 
256 

256 
256 

*55 

»5S 

255 

255 
2i5 

*55 

254 

254 

aS4 

254 


Cosec.  TsDg.  D.  Cot. 


805039  Hi 
805 1 9 1 


805 ) 
805495 
805647 

80S799 


OOB. 


254 

254 

453 
153 

X 


lO* 

201128 
200972 
X00816 
20066 I 
200505 
200349 
2001 94 
200038 
998S3 

99728 

99573 
99418 

9926^ 

99108 

98953 

98799 

98644 

98489 

98335 
981S1 

98027 

9787a 

97718 

97564 
9741 1 

97257 
97103 

96950 

96.96 
96643 
96489 
96336 
96183 
96030 

95«77 
957*41 

9557» 

95419 
95266 

95114 
94961 
94809 
94657 
94505 
94353 
94ZOI 

SieT 


£9 

08369 
08628 
08886 

09144 

09402 

09660 
09918 

or 

0435 

0693 

0951 
1209 

1467 

1724 

1982 

2240 

2498 
2756 

3014 

3»7i 

3519 
3787 

404}. 

4302 

4560 

4817 

5075 

533* 

5590 

5847 

6104 

6362 

6619 

6877 

7'34 

7391 

7648 

7905 

8163 

8420 

8677 

8934 

9191 

9448 

9705 

9962 

CotT 


430 
430 
430 

430 

430 
430 
430 
430 

430 

430 

430 

430 

430 
430 

430 
430 
430 

429 
429 
429 

429 
429 

4*9 

429 

429 

4*9 

4*9 
429 

429 

429 

4*9 
4*9 

449 

429 

429 

429 
429 
428 
428 

428 
428 
428 
428 
428 


loro 

9 1 37-' 
91 1 14 

90856 

90598 
90340 
90082! 
89823 
89565 

89307 
89049 
88791 
88533 
88276 
88018 
87760 
87502 

87*44 
86986 
86729 
86471 
86213 
85956 
85698 
85440 
85183 
84925 

84668 

84410 
84153 
83896 
83638 

83381 

83123 

82866 
82609 

82352 

82095 
81837 
81580 

81323 

81066 

80809 
80552 
80295 
80038 


Tkag.' 


D. 

Cos- 

lO'I 

9*8 

170 

60 

uyooQ 

171 
171 
171 
171 
171 
171 
171 
171 

90400 

Co 

oy 

09702 

00208 

(8 

09805 

90195 

57 

09907 

90093 

56 

lOOIO 

89990 

55 

IOII2 

89888 

54 

IO215 

89785 

53 

103 1 S 

8968a 

50  5a 

10421 

171 
171 
172 
172 
172 
172 
172 
172 
172 

8oC7Q 

J* 

IO<22 

604.77 

Co 

10626 

80  ^7A 

AO 

10729 

89271 

48 

10832 

89168 

47 

10936 

89064 

46 

IIO39 

88961 

45 

1 1  142 

88858 

44 

11245 

88755 

50  43 

172 
172 

173 
173 

173 

'73 

>73 
173 

173 

4* 

88  caS 

AI 

8  8  AAA 

AO 

I  1659 

88341 

39 

II763 

88237 

38 

1 1 866 

88134 

37 

1 1970 

88030 

36 

12074 

87926 

35 

12178 

87822 

50  34 

12282 

87718 

ti 

a 

12186 

173 
173 
173 

174 
'74 
'74 
174 

«74 
>74 

174 
174 
'74 
'74 

175 

175 

'75 
175 
175 

87614 

124.00 

87CIO 

11 

12594 

87406 

JO 

12698 

87302 

29 

12802 

87198 

28 

12907 

87093 

27 

1 301 1 

86989 

26 

«3"5 

86885 

50  25 

13220 

86780 

*4 

133*4 

86676 

23 

»34*9 

86571 

22 

13534 

86466 

21 

13638 

86362 

20 

13743 

86257 

'9 

13848 

86152 

18 

'3953 

86047 

17 

14058 

T4163 

8594a 

85837 

16 
50  15 

Cob.  i 

D. 

Sine 

0  / 

51  Deg. 


50^  Deg. 


MATHEMATICAL  TABLES. 


125 


89i  Deg   TABLE  V.— Log.  Sinks,  rrc. 


404  Deg. 


3945 

46 

47 

48 

49 
50 

51 
5* 
53 

39  54 
55 
56 

57 
58 

59 

I 


40 


3 
4 
5 
6 

7 

8 

9 
10 

1 1 


40  12 
«3 
H 

15 

16 

17 
18 

>9 
so 

40  «i 

H 

*5 
26 

27 

28 

»9 

30 


Sine 


805799 

805951 
806103 
So6z54 
806406 
806557 
^06709 
So6ii6o 
80701 I 

807163 
807314 
807465 
807615 
807766 
807917 
808067 
8o8si8 
808368 

808519 
808669 

808819 
808969 
809119 

809269 
809419 
809569 

809718 

809868 
8 1 00 1 7 
810167 
810316 
8 1 0465 
810614 
810763 
8 1 09 r 2 
8iio6i 

81IS10 

811358 
811 507 
811655 
81 1804 
81 1952 

8t2IOO 

812248 

812396 

812544 


D.  I  CoBec.  Taug.    D.     Cot.  |  Sec  D.  Cm. 


«53 

-53 
»53 
»53 
252 

252 

252 

%s% 

252 
252 
^Sl 
251 

251 

251 
251 

*5> 
*5> 

250 
250 
250 
250 
250 
250 
249 
249 
249 

249 
249 
249 
248 
248 
24S 
248 
248 
248 

248 
247 
247 

247 

247 

247 
H7 

H7 

246 


00$.  I  D. 


lO' 

94«ot 

94049 

93897 
93746 
93594 

93443 

93291 

93140 
9*989 

92686 
9*535 
9»3«5 

92234 

92083 
91933 
91782 
91632 

91481 

9^331 
91181 
9x031 
90881 
90731 
90581 

90431 

90282 

90132 
89983 
89833 
89684 

89535 
89386 

89^37 

89088 

88939 
88790 

88642 

88493 
8834s 

88196 

88048 
S7900 
87752 
87604 
87456 


See. 


919962 

920Z19 
920476 

920733 
920990 
921247 
921503 
921760 
9»aoi7 

922274 
922530 
9**787 
9*3044 
923300 

923557 
923813 
924070 
924327 

924583 
924840 
925096 
925352 
9*5609 
925865 
926122 
926378 
926634 

926890 
927147 
927403 
927659 
927915I 
928171 
928427 
928683 
928940 

929196 

929452 
92970S 
929964 
930220 

930475 
93073 1 

930987 

931243 

931499 


Cot. 


428 
428 


080038 
079781 


4163 
4*68 
4373 

0790101 4584 

078753  4689 

078497  4795 


428  i°795H 

!,«  ^79267 


428 
428 
428 
428 
428 
428 

428 

428 
428 
428 

42? 

427 
427 
427 
427 

427 

427 
427 

4»7 

4*7 

427 

427 
427 
427 

4*7 

4*7 
427 

4*7 
4*7 

111  °7»S73 

07»3i7 


lO'Il 


078240 
077983 

077726 
077470 
077213 
076956 
076700 
076443 
076187 

075930 
075673 

0754 > 7 
075160 

074904 
074648 
074391 

074135 

073878 
073622 

073366 

073110 
07*853 

072597 
072341 
07*085 
0718*9 


427 
427 


071060 


I070804 
427  i°70548 

4*7  r 

426  zJT.t 

426 
426 
426 

426 
426 


069780 

069525 

069269 
06901 3 
068757 
068501 


Tang. 


4900 
5006 

5111 

5117 
53*3 

542S 

5534 
5640 

5746 
58s* 
5958 
6064 
6171 
6277 
6383 
6490 
6596 
6703 
6809 
6916 

7023 
71*9 

7236 

7343 
7450 
7557 
7664 

7771 
7S79 

7986 
8093 
8201 
8308 

S416 

8523 
8631 

8739 
S847 

8954 


Cm. 


75 

75 

75 

75 

75 
76 

76 

76 

76 

70 
76 

76 

76 
76 
76 
77 
77 
77 

77 

77 
77 
77 
77 
77 
78 
78 
78 

78 
78 
78 

78 
78 
78 

79 

79 
79 

79 
79 
79 

79 
79 
79 
79 
80 
80 


Cm. 

9-88 

5*37 

15 

573* 

14 

^627 

^3 

5522 

12 

^416 

II 

53II 

10 

9 

CIOO 

8 

4994 

50 

7 

6 

47*4 

5 

467? 

4 

4'i72 

3 

4^66 

* 

4360 

X 

4*54 

M  0 

4148 

59 

4042 

49  58 

3936 

57 

3820 

56 

3723 

5S 

3617 

54 

S3 

3404 

 r 

5* 

3*97 

51 

3191 

50 

3084 

49  49 

2977 

48 

Z07I 

47 

2704 

46 

26(7 

45 

*55o 

44 

*443 

43 

a  336 

42 

2229 

41 

2121 

49 

40 

2014 

39 

1907 

38 

1799 

37 

1692 

36 

1584 

35 

1477 

34 

1369 

33 

1261 

32 

"53 

31 

1C46 

4.9  30 

Sine 

0 

f 

60^  Beg. 


101  Deg. 
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Deg. 


TABLE  V. — ^LoG.  Siitaa,  Era 


30 

V 
3* 
33 
34 

35 
36 

37 
3« 

40  39 
40 

♦» 

4a 

43 

44 

45 
46 

47 

40  4S 

49 
50 
51 
5» 
53 
54 
55 
56 

40  57 

S8 

59 

I 

2 

3 
4 

S 

41  6 

7 

9 

10 

II 
la 

14 

15 


Siae. 


D.  Cosec  Tang. 


21 

2-544 

2^40 

13^35 

3430 
3578 
37*5 

38721 
4019 
4166 

4313 
14460 

14607 

4753 
4900 

5<H* 

S>93 
5339 

54«5 

5632 

S778j 

5924 

6069 

H15 

6361 

6507 
66$2 
6798 
6943 
7088 

7*33 
7379 

7524 
7668 

7813 

7958 
8103 

«*47 

8392 

«536 
8681 

8S25 
8969 
9113 


O06. 


246 
24.6 
246 
146 
246 
246 
245 
245 
245 

245 

*45 

245 

*45 

244 

144. 
244 

244 
344 
243 

243 

^43 

-43 
243 

H3 
»43 

242 
242 
242 

242 
242 
242 


tO'f 

87456 
87308 
87160 

'S7012 
86865 
86717 

86570 

86422 

S6275 

86128 
85981 
85»?4 

85687 

85540 

85393 
85247 
85100 
84954 

84807 
84661 
84515 

84368 
84222 
84076 

83785 

83639 

83493 
83348 
83202 
83057 
82912 
82767 
82621 


D. 


1 
931499 

M«75S 

932010 

9-52266 
93*5*2 

93*778 

933033 
933289 

933545 
933b'co 
934056 
934311 

9.34567 
934823 

935078 

935333 
93  55^9] 
935844^ 
9361C0' 

936610 

936866, 
937121, 

93737^, 
937632' 

937887I 

93S142 

93839S 

958^53 
938908 
939163 
939418 

939673 

939928 


426 
426 

426 
426 

426 
426 
426 
426 
426 

426 
426 

426 
426 
416 


Cot 


lO* 


068501 
068045 
067990 

067734 

067478 
067222' 19495 


Sec. 


10*1 

19062 
19170 
19278 
19387 


066967 
0667 1 1 
0664SS 

066200 
065944 
065689 

065433 

1064667 


^6l<^4'56 

063900 
063645 
063390 


I06441 I 


82476,  940185 
82332;  940438 


241 
241 
241 
241 
241 
a40 
240 
240 
240 


D. 


82187 


82042 
81897 
8»7S3 


940694 


940949 
941 204 

.  941458 
816081  941714 
81464  941968 

94»«»3 

942478 

94-735 
942988 


81319 

81175 
81031 
80887 


Got 


426 
426 
426 
425 

425 
425 
425 
425 
425 
425 

4^5 
435 
425 
4*5 

4*5 

425 

425 
4^5 
425 
425 
425 

425 
425 

4*5 

425 
4*5 


19603 

»97" 
198x0 

19928 
20037 

40145 

20254 

20363 
20471 

20580 
20689 
20798 

20907 
21010 
21125 


063134  21234 
062879  21344 

062624  *H53 
06236S  21562 
062113)  *i672 
061858  21781 

061602 
061347 
061092 
060837 
060582 
060327 
060072 
059S17 
059562 

059306 
059051 

058796 
058542 
58286 
058032 
057777 
057522 
057267 
057012 


D. 


Taog. 


21891 
22001 

221 10 
22220 
22330 
22440 
22550 
22660 
22770 

22880 
22990 

23101 
23211 
23322 

4343* 

*354S 
23653 

*37H 
33875 
Coa. 


180 
180 
180 
180 
i8o| 
I  Sol 
1  So 
181 
181 

181 
181 
181 
181 
i8j 
181 
181 
181 
t8« 

82 


41i  Deg. 
Cos. 


2l 

81046 


82 
82 
82 

82 
82 

8 
8 

83 


°i 
83 
83 
83 
«3 
83 
83 
83 
84 

84 
84 
84 

84 
184 

84 
84 
84 
«5 


S0722 
80613 
80505 

gc397 
80289 
80180 

80072 
79963 

79855 
79746 
79637 

79529 
79420 

793" 
79202 

79093 
78984 
78875 
78766 
78656 

78547 
78438 
,  78328 

78219 

78109 

77999 

77S90 

77780 
7767© 

77560 

77450 
77340 
77230 


77120 
77010 
76899 
76789 
76678 
76568 
76457 
76347 
76236 
76125 


D,  gine 


30 

ftl 

«7 
26 

*s 

24 

23 

49  ** 
21 

20 

19 

)8 

17 
16 

»5 
14 

4»  »S 

12 
II 

10 

9 
8 

7 
6 


49 


3 
2 

I 

49  o 

59 

58 

57 
56 

48  55 

54 

53 

52 

5' 
50 
49 
48 

47 
46 

4845 


49^  Deg, 


48|  Deg. 
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41i  Deg. 


TABLE  y. — ^LoG.  Sines,  kk. 


42  Deg. 


41  15 

i6 

17 
19 

19 

20 
21 

as 

41  24 

as 
26 

»7 

2g 
29 
30 

3» 
3* 

41  33 

34 

35 
36 

37 
3« 
39 
40 
4> 

4»  4^ 

43 
44 

45 
46 

47 
4« 
49 

50 
41  51 

5* 
S3 
54 
55 
56 
57 
58 

59 
60 


Sine 


r 

819113 
819257 

819401 

$i96$9 

819832 
819976 

820263 

820550 
8Z0693 
820836 
820979 
821122 
821265 
821407 
821550 

821693 

821835 
821977 
822120 
822262 
822404 
822546 
822688 
822830 

822972 
823114 
823255 
823397 
823539 
823680 

823821 
823963 

824104 

82424s 
824386 
824517 
824661) 
824808 
824949 
825090 
82523c 
825371 
»»55" 


240 
240 
240 

239 
239 
339 

339 

239 

239 
239 
238 
238 
238 
238 
238 
238 
238 
238 

»37 
237 
237 

»37 
237 
237 
237 
236 
236 

236 
236 
236 
236 

236 

235 

435 
235 

2J5 

f  ^35 
335 
2 -.4 
23+ 
234 
234 
23+ 
*34 


Ooe.  D. 


Tang. 


lo- 

80887 
80743 

80455 
803 1 1 
8ot68 

80024 

79SS0 

79737j 

79594-! 

794  S-^ 

79307 
79164 

79021 

7SS78 

78735 
78593 
78450 

7S307 

78165 

78023 

77SS 

77738 

7759« 

77454 

773IZ 

77*70 

77028 
76886 

76745 
76603 
76461 

76320 
76179 
76037 
75896 

75755 
756H 

7  547  3 
7533* 
75»9i 
75051 

749  JO 

74770 
74629 
174489 


See. 


942988 

9+3243 
943498 

94375* 
944007 

944262 
944517 

9447: 
945026 

945281 
945535 

945790 
946045 

946299 

94fc>554 
9468  c  i( 
947063 
947318 

947572 
947826 

94808 T 

948336 
948590 
948844 

949099 

949353 
949607 

949862 
950116 
950370 
950625 
950879 
951133 
951388 
951642 
951896 

952150 
952405 

952659 
952913 
953167 

953421 

95367s 
953929 

954183 
954*37 


D. 


Got 


425 
415 
r~s 

4*5 
4*5 

4*5 

425 
424 
424 

424 
424 
4*4 
4*4 

4*4 

424 
424 

4*4 
4*4 
424 

424 
424 
424 
424 
424 

4*4 
424 

424 
424 
424 
424 

424 
424 
424 

4*4 
424 

424 
424 
424 

424 
423 
423 
423 

4*3 
4aS 


Cot 


lo- 

057012 
056757 
056502 
056248 

055993 
055738 
055483 

055229 
054974 

054719 
054465 
054210 

053955 

053701 

053446 
053192 

052937 
052682 

052428 
05*174 

051919 

05 1 664 
051410 
051156 

050901 


Sec 


D. 


ic- 1  2 

3875 
3986 

4096 

4207 
43IS 

44*9 
4S4» 
4652 

4763 

4874 
49  S  6 
5097 
5209 
53*0 
543* 

5656 
576^ 

5«79 

599* 
6104 

6216 

6328 

6440 

6552 


0506471  6665 
050393  6777 


0501 38 
049884 
049630 
049375 
049121 
048867 
048612 
048358 
048 I 04 

047850 

047595 

047341 

047087 
046833 
046579 
046325 
046071 
045817 
0455^3 


Tugil  Ooe. 


6S90 
700a 
7115 
7228 
734» 
7453 
7566 
7679 
779* 
7905 
8019 
8132 

8*45 

8359 

8472 

8586 
8699 
8813 
8927 


85 
85 
85 

»5 
85 
85 
85 
85 
85 
86 
86 
86 
86 
86 
86 
86 
86 

87 
87 

187 

[87 

87 

87 
87 
87 
187 
187 

[88 

88 

,88 
:88 
88 
.88 
88 
88 
88 

89 
89 
89 
89 
189 
89 
89 

189 

H 


C0A_ 

987 

6125 
6014 

S9O4 

5793 

5682 

5571 
54S9 
534« 
523: 
5 1 26 
5014 

4903 

4791 
468;^ 
4568 

4456 

4344 
4232 

4121 
4009 
3896 

3784 
3672 
3560 
3448 
3335 
3**3 
3x10 

2998 

2885 
2772 
2659 

*S47 
2434 
2321 

22C8 

209s 
1981 
1868 

1755 
1 641 

1528 

1414 

1 301 

1187 

to73 


Dl  Siikft 


4^^  T)> 
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iii  Peg. 


TABLE  T.— Loa  Sms,  mo. 


42f  Deg. 


4A  o 

I 

% 
3 
4 

5 

6 

7 
8 

4»  9 
lo 

II 

iz 

»J 

>4 

IS 
i6 

«7 

19 
zo 
%t 

23, 

»4 

4»  *7 
aS 

a9 
30 

31 

32 

33 
34 
35 
4*  36 
37 
38 

39 
40 

41 
4* 
43 


Sine 


9± 
45511 

25651 

25791 
x6ojt 

26351 
26491 
26631 

26770 
969x0 

»73»8 
17467 

27606 

»7745 
27884 

280Z3 
2^162 
28301 
28439 
2857^ 
28716 
28855 
28993 
29131 

292^ 
29407 

»9545 
29683 

29821 

29959 

30097 
30234 
3C372 

30646 

30784 
3092^ 
31058 

3»»95 

^'469 
31606 

 45  I  3 1 74^ 

48  D^. 


D. 


23+ 

233 
233 
^33 

^33 
233 

»33 
»33 
232 
232 
232 
232 
232 
232 
232 
232 
231 

231 
231 
231 
231 
231 
231 
230 
230 
230 

230 
230 
230 
230 

229 

229 
229 
229 
229 

229 
229 

229 
228 
228 

22? 
22S 
228 

228 


Coeec.  j  Tang.  |  D. 


10"1 

74489 

74349 
74209 

74069 

73929 

73789 
73649 
73509 
73369 

7323© 

73090 

7*95 » 
7281 1 
72672 

7*533 

72394 

7"55 
72116 

71977 

71699 
7 1 561 
71422 
71284 
71145 
71007 
70869 

70731 

70593 
7«>45S 
70317 

70179 

70041 

69903 

69766 
69628 

69491 

<9354 

69216 

69079 
68942 
68805 
68668 
68531 
68394 
68258 


9^ 

54437 

54691 

54945 
552QC 

55454 

55707 
55961 
56215 
56469 

56723 
56977 
57*31 

57+i^5 
57739 

57993 

58246 

58500 
58754 
59008 
59262 
59516 

S9769 
60023 
60277 
60531 
60784 
61038 

61291 

6»545 

61799 

6205Z 
62306 
62560 
62813 

63067 
63320 

63574 
63827 
64081 

^■43  3  5 
64588 
64842 
65095 

65349 
65602 

65855 


8*0.  I  Cot  I  D. 


423 

4^5 
423 

423 

4*3 

4^3 

423 
423 
423 

4*3 
423 

423 

423 

423 

4*3 

4^3 
423 

4*3 

443 

423 

423 

4*3 

423 

4*3 

4*3 
423 

423 

4*3 
4»3 
4*3 

4*3 
4*3 
4*3 
4*3 

4*3 

4^3 

4*3 
4*3 

423 

4*3 
422 
422 
422 
422 
432 


Cot.  Sec. 


lo-o 

45563 

453C9 
45055 

44800 

44546 

44293 

44039 
43785 
43531 

+3*77 
43023 
42769 

4*515 
42261 
42007 

4^754 
41 500 

41246 

4099a 

40738 

40484 

40231 

39977 

397*3 
39469 

39216 

38962 

38709 

3S455 
3820  J 

37948 
37694 

37440 
37187 
36933 
3668c 

36426 
36173 
359»9 
35665 

3541* 
35158 
34905 

3465^ 
34398 

34'45 
Tang. 


10"  I 

28927 

2904c 
29154 
29268 

29382 
29496 
29610 

29724 
29839 

29953 
30067 

30182 

30296 
3041 1 
30526 

30640 

30755 
3087  c 

30985 

31100 
31215 
31330 

31445 
31560 
31676 

3179^ 
31907 

32022 
32138 

3**5  3 
32369 
32485 

32601 
32717 

3^833 
32949 

33065 
33181 
33*97 
334»4 
33530 
33647 
33763 
33880 

33996 
34"3 

"ST 


D. 


Coa. 

71073 
70960 
70846 

7073* 

70618 
70504 
70390 

70276 

70161 

7001.7 

69933 
69818 

69704 
69589 
69474 
69360 
6924-5 

69015 
68900 
68785 
68670 
68555 
68440 
68324 
68209 
68093 

67978 

67862 

67747 
67631 
67515 

67399 
67283 

67167 

67051 

66()3'; 
66703 

66586 

66470 

66353 
66237 

66120 
66004 

65887 

DT  Sine 


190 
[90 
[90 
[90 
190 
(90 
190 
190 
[90 

191 

'9« 

[91 

[91 
191 
rgi 
[91 

I  9  T 
[91 

t92 

192 

19* 
192 

[92 

192 

192 

192 

[92 

[93 

'93 

'93 
193 

193 

193 
193 

'93 

'93 

! 

'94 
194 

"94 
«94 

»94 

194 

'94 
195 


60 
59 
58 
57 
56 
55 
54 
53 
47  5* 

51 
50 

49 
48 

47 

46 

45 
44 
47  43 

4* 

4i 
40 

39 
38 

37 
36 

35 
47  34 

33 

3' 

3' 
30 

29 

28 
27 
26 

47  »5 

*4 

a3 

22 
21 

20 

>9 
18 

17 
16 

4715 


A7i  Deg. 
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4af  Deg. 


TABLE  Y.— Loo.  SimsaB,  mq. 


Deg. 


42  45 
♦6 

47 
4« 
49 
50 
5' 
5» 
53 

42  54 
55 
56 
57 
58 
59 

I 

a 

43  3 

4 

5 
6 

7 

S 

9 
10 

II 

43  " 
13 
14 

'5 

16 

i? 
18 

43 

21 

43 

^4 

»5 
26 

a? 
18 
29 

30 


bine 

31742 
31879 
32015 
321 52 
32288 
32425 
32561 
32697 

J»8j3 

32969 

33 '05 
33241 

33377 
33512 

33648 

33783 
339^9 

3+054 

$4*89 
343*5 

3.H60 

34595 

34730 

34865 

34999 
35134 
35*69 

35403 
35538 
3567a 

35807 

35941 
36075 
36209 

36343 
36477 

36611 

36745 
36878 

37012 

37  «4* 
37*79 

374»* 
37546 
37679 
3781^ 
Cos. 


228 
228 
227 
227 
227 
227 
227 
227 
227 

226 
226 
226 

226 

226 

226 
226 
225 
225 

225 
225 

225 
225 

225 
224 
224 

224 

224 
224 

22f 
224 
224. 
223 

223 

223 

223 

223 
223 
223 
222 
222 
222 
222 
222 
222 


Coaac  Tang. 


lo'i  ; 

68258 
6S121 
67985 

67848 
67712 
67575 

67439 
67303 
67167 

67031 
66S95 
66759 
66623 
66488 
663  52 
6621 7 
66081 
65946 

65811 

65675 
65540 
65405 
65270 

65135 
65001 
64866 
64731 

64597 
64462 
64328 
64193 
64059 

^39*5 
63791 

63657 
635*3 

3389 

63*55 
63122 

62988 
62854 
62721 

625S8 
62454 
6232 1 
62188 

Sec. 


D. 


?! 

65855 

66109 
66362 

666t6 
66869 
67123 
67376 
67629 
67883 

68136 
6*319 
68643 
68896 
69149 

69403 
69656 

69909 

701 62 

70416 
70669 
70922 

7"75 
71429 
71682 

7»935 
72188 
72441 

72694 

72948 

73*01 

734541 

73707 
73960 

74«»3 

74466 

74719 

749  7  i 
75226 

7S479i 

75732 

75985 
76238 
76491 

76744 

76997 
7725c 

Cot. 


Cot 


422 
422 

422 
422 
422 
422 
422 
422 
422 

422 

422 
422 
422 

422 

422 
422 
422 

422 

422 

422 
422 

422 
422 
422 
422 
422 
422 

422 
422 
422 

422 

422 
422 
422 

422 

422 

422 
422 

422 
422 
422 
422 
422 
422 
422 


lo-o 

34145 
33891 

33*38 

333>4 

33i3> 
32877 


Sae. 


lO'I 

34»i3 
34230 

34347 
3+^64 
34581 
34*98 


32624  34815 


3*371 
32117 

31864 
31611 

3^357 
31104 

30851 

3'2597 
30344 
3009 

29838 

29584 
29331 
29078 
28825 

28^7/ 
28318 
28065 
27812 

*7SS9 
27306 

27C5 
26799 


26293 
26040 
25787 

25534 
25281 

23027 


*45Xi 

2426S 

24015 


23509 
23256 
23003 

22750' 


34932 
35050 

3ri6~ 
33264 

35402 

35519 
35637 

35755 
35S73 
35990 
36108 

36226 

36344 

36462 

36581 
36699 
36817 
36936 
37054 
37173 
37291 
37410 

375*9 


2654II  37647 

37766 
37885 
38004 
38123 
38242 

38362 

*4774l  3848* 


38600 

38720 
38839 


23762  38959 


39078 
39198 
39318 
39438 


95 
95 
95 
95 
95 
95 
95 
95 
95 

96 

96 
96 
96 
96 
96 
97 

97 

97 

97 
97 
97 
97 

97 
98 
98 

98 
98 

98 
98 
98 
98 

98 

99 

99 
99 

99 

99 

99 

99 

99 

99 
200 


Cos- 


9j 

65887 
65770 

65653 

65536 

65419 
65302 

65185 

65068 

64950 

64833 
64716 
64598 

64481 
64363 

64245 
641 27 
64010 
63892 

63774 
63656 

63538 

634>9 
63301 

63183 

63064 
62946 
62827 

64709 

62590 
62471 

6»353 

62234 
621 15 
61996 

61877 
61758 

61638 
61 5 1 9 
6 1400 
61280 
61  i6t 
61041 
60922 
60802 
60682 
60562 


Sine 


47^  Peg. 


4^4  Deg, 


130 


HATBEMATIGAL  TABLES. 


48|  J>eg. 


TABLE  v.— Loo.  SnoB,  gro. 


44i  Deg. 


Sine 

37814 

37945 

3S078 

ii 

3i'2i  1 

34 

38344 

S5 

38477 

39010 

37 

38742 

48  39 

39007 

40 

39140 

41 

3927a 

4» 

39404 

43 

39536 

44 

39000 

45 

39800 

3993* 

47 

40064 

43  4S 

40196 

49 

40328 

50 

40459 

51 

40591 

S» 

40722 

53 

4.0  b 

54 

40985 

ii 

41 1 16 

s* 

41247 

43  57 

41378 

58 

41509 

59 

4164^ 

41771 

I 

41902 

2 

42033 

3 

42163 

4 

4**94 

5 

4*4*4 

44  6 

42555 

7 

42685 

42815 

9 

42946 

10 

43076 

II 

43206 

12 

43336 

13 

43466 

i4 

4359S 

15 

437*5 

Cos. 

D.  Cosee.  Tang 


222 
222 
221 
221 
221 
221 
221 

221 

sai 

221 
220 

220 
220 
220 
220 

zzo 

MO 

»I9 

219 
219 
aiy 
S19 

7.19 
2x9 
219 
218 
218 

218 
218 
218 
218 
218 
218 
fti7 
»«7 

»I7 

217 
217 
217 
217 

2l6 

216 
216 
ai6 


lO'l 

61788 
62055 
6192a 
61789 
61656 
61523 
61390 
61258 
61125 

60993 

6c86c 
60728 
60596 
60464 
60332 

6c200 
60068 

5993^ 
9804 

9672 

954» 
9409 

,9278 

59«4« 
9015 

8S84 

8753 

8622 
8491 
58360 
8229 
8098 
7967 

7837 
7706 
7576 

74*5 

73'5 

7185 

7054 

6534 
6405 

1<*75 


D. 


9^ 
77250 

77503 

77756 

78009 
78262 

78515 
78768 

79021 

79*74 

795*7 

79780 
80033 
8c286 
80538 
80791 
Si  044 
81297 

«»sso 

81803 
82056 

82309 
82562 
82814 

83067 
83320 

84079 
84331 

84837 
85090 

85343 
85596 

85848 

86101 

86354 
86607 

86860 
871 12 
8736^ 
S7618 
87871 
88123 
88376 
886x9 

Cot 


422 
422 
422 
422 
422 
422 
43a 

422 

422 
422 
422 

42 
42 
42 
42 

44 

4* 

42 
42 

4* 
42 

4a 

4* 

4* 

42 
42 

44 
4* 
4* 
4* 

4* 

42 

42 

42 

42 
41 
4i 
42 

4» 

42 

42 
4» 


Cot.  I  Sec.  (  D.  Cos. 


I  ox 


200 
200 

soo 

200 

200 


22750  39438 

aH97  39558 

-  21991  39798 

ii73»  39918 
21485  40038 

2123a  40158  ^ 
20979  4o»79 
20726  40399 

20473  405*0 

022c  40640 

9967  40761 

9714  40881 

[9462  41002 

9209  41123 

?!956  41244 

8703  41365 

8450  41486 

:8i97  41607 

17944  417^5* 
7691  41849 
7438  41971 
7186  42092 
6933  42214 
16680  4»335 
16427  4*457 
6174  4A578 

5921  42700 
5669  42822 
5416  42944 
,5163  43066 
14910  43188 
4657  43310 
4404  43432 
4»5*  41554 
3899  43677 
3646  43799 
3393  439" 
3140  44044 
2888 '441 67 
^635  44189 
2382  44412  J 
'"9  44535  ^] 

1624  44781 
«37'l  44904 


201 
201 
201 
201 
201 
aoi 
so» 

202 
202 

202 
2C2 
202 

so» 

202 
202 

203 
203 

«03 

203 
203 

203 

203 
203 
204 

204 

204 
204 

204 
204 
204 

204 
205 


405 
S05 


2l 
60562 
60442 
60322 
60202 
60082 
59962 
59842 
59721 
59601 

59480 
59360 

59*39 
591 19 

58998 

58877 

58756 
58635 
58514 

58393 
58272 

58i5» 

58029 

57908 
57786 
57665 

57543 
574»* 

57300 

57178 
57056 

56934 
56812 
56690 
56568 
56446 
56323 

56201 
56078 
55956 

55833 
55711 
55588 

55465 
5534* 
55*»9 
55096 

SiiM 


30 
29 
28 
27 
26 

*5 

24 

*3 
46  22 

21 
20 

»9 
18 

17 
16 

15 
14 
46  13 

12 
II 
10 

9 
8 

I 

3 
2 

I 

46  o 

59 
S8 
57 
56 

45  55 

54 
53 
5* 

51 

5° 


47 
46 

4S45 


D.  See. 


D  tTwg:   Ooo.  D. 


•16^  Deg. 


in f  Deg. 
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44i  Deg. 


TABLE  T.— Loo. 


0  ' 

44  15 

l37»5 

16 

3^55 

J? 

3984 

18 

4"4 

19 

4243 

zo 

4372 

4502 

a» 

4631 

»J 

4760 

J  J  OA 

4880 

5018 

2,6 

5147 

a? 

5276 

a8 

5405 

19 

5553 

30 

5662 

31 

5790 

3a 

59«9 

6047 

/  J 

3$ 

6304 

36 

6432 

3Z 

6560 

3« 

6688 

39 

6816 

40 

6944 

41 

7071 

44  42 

43 

73-7 

44 

•  • 

7454 

4S 

758a 

7709 

47 

7836 

48 

7964 

49 

8091 

50 

8218 

44  S< 

«345 

5» 

8472! 

53 

8599 

54 

8726 

55 

885a 

56 

8979 

57 

9106 

58 

9232 

59 

9359 

60 

9485 

0<M. 

Co&ee. 


Tang. 


IO'I 

5'6a75 

56145 

56016 
55886 

55757 
55628 

S549« 
553^ 

55a4oj  9'99«>85»IJJ 
551 1 1  9-990903 

54982  9  99  >  156 

54853'  999H09 
54724  9-991662 

54595;  9-991914 
54467 1  9  992167 

543381  9-992420 

54210;  9-992672; 

54081  9-99»9£5 

53953,  9'993'78 
53«»5  9*99343° 

53<96|  9*993683 
53568'  9  993936 
53440,  9-994189 
53312]  9-994441 
53184  9-994694 
53056I  9-994947 
9-995199 

9-995452 

9'9';57o5 
9995957 
9*996210 

9*99M3 

9-996715 

9-996968 
9-997MI 

9-997473 

9-997726 

9"997979, 
9-998*31  J 
9-998484}*, 

9-998737 
9998989 
9999242 

9999495 

<7-oo9747 


52929 

52801 
52673 

52546 
52418 

SM91 

52164 

52036 
51909 

51783 

51655 
51528 

5J401 
51Z74 
51148 
51021 
50894 
50768 
5064- 

5  5  '  i 


9-988629 

9-988882, 

9'989i34l 
9-9893871  J, 
9-989640  J 

9-989893!  t: 

9-990|98j 


42 
42 
42 
42 

42 

42 

4» 
42 

42 
42 
42 
4»t 

4* 
41 
42 
42 

42 

42 
42 
42 
42 

42 

42 

♦» 
4* 
4» 

42 


42 
42 
42 

4» 
4» 

42 


SiN^a,  Era 
Cot.  I  Sec. 


lo-o 

11371 

trii8 
10866 
10613 

10360 
10107 

o9fSS 

09602 

09349 

09097 
08844 

08591 

08338 
0B086 
07833 

07580 
07328 
07075 

06822 
06570 
06317 
06064 
05811 

^5  559 
05306 

05053 

04801 

04548 
04295 
04043 
03790 

03537 

03285 

03032 
OZ779 

0*5*7 

02274 

0202I 
01769 

01  516 

01263 
OIOI I 

00758 

00505 

002  53 
ooooo 


Sec.  I    Obt.    I  D. 


Tang.!  Cos. 


lOI 

44904 

45027 
45150 

45»73 

45397 

45520 

45^4 

^5767 
45891 

46014 
46138 
46262 
463S6 
46510 
46634 

46758 
468S2 
47006 

47131 

4715s 
47380 

47504 
47629 

47753 
47878 
48003 
48128 

48253 
48378 
48503 
48628 

48754 

48879 

49004 

49130 

49255 

493S1 

49507 
49632 

49758 
49884 
50010 
50136 
50262 
50389 
5oS'5 


4S  Beg. 


D.  Cos. 


205 
205 
205 
206 
206 
«o6 
«o6 
206 
106 

206 
fto6 

206 
207 
207 

207 
207 
207 
207 

207 
207 
207 
208 
208 
208 
2o8 
208 
208 

208 
208 
209 
209 
209 
209 
ao9 
ao9 
209 

209 

2  ro 
2 1  o 
210 
210 
210 
210 
210 
2  J  o 


£8 

55096 

54973 
54850 

547*7 

5415  c  3 
54480 

54356 

54233 
54109 

55986 
53862 

5373« 
53614 

53490 
53366 

53^42 
53118 
52994 

52869 

52745 
52620 
52496 
52371 
52247 
52122 

51997 

51872 

51747 
51622 

5H97 
51372 
51246 
51121 
$0996 
S0870 

50745 
50619 

50493 

50368 

50242 
501 16 
49990 
49864 

49738 

4961 1 

494"'ji 

Sine  I 


45 

44 

43 

4* 

41 

40 

39 

38 

45 

37 

36 

35 

34 

33 

32 

3» 

30 

29 

45 

28 

»7 

26 

^5 

24 

23 

22 

21 

20 

45 

19 

18 

17 

16 

*5 

14 

13 

12 

II 

45 

10 

4-3 


1.1  Deg. 
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TABLE  TI^Mnnmnuft  Tjam. 
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• 
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• 

99 
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_ 

o 

M 
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O 

vo 
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a 
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o 
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00  09  QO  00  00  00  00  00  OO  OC 

u-k\o  r^oo     o  o  d  ^ 

r«  <<«       f»  c* 

t--  t  ■-         r-     r>.  r<« 

NO  t-voe  On  o     t»  TO  *  «niNo  r^oo  ^  o  -  t«  to  *  »*< 

o 

^  </->\£)  t^oo       0       N  fOi  •vh  </-iv«  C--.00  cs  O        c<  CO 
\^  \^           \^  \^  >0  >4>      >0  1 VO  so  so  so  '-C       ^  \0  ^  vo 

ococoooooo  0\0s0v0v0* 
O  'sO  'sD  O  vO       VO  VO  NO  VO 

2 

CO       vovO  t-.00  0>  0  I"  H 
0  JOOOOP-"*"" 

ro  ^  w^no  fnoo  ON  O  w  w 

NO  NO  NO  NO  SO  SO  sO  NO  NO  NO 

rt-  u-^\0  t^OO  OS  «  CO 
nO       nO  nO  vO 

t«  t«t  4^  «<^«  r>00  O^Q  m 
■/>  Vt  V»  V>  (A  tA  •/>  V>>0  NO 

tl  ^«ASO  tH«0  OSO  N 
no  SO  SO  SO  «0  «  «0  to  to  to 

p>  CO  tt-  i^vc  r-co  Cn  O  •« 

On&sOnOni^nOOOO  O 
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to 
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o 
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OOOOOOOOOO 
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V 
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a 
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o 
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TABLE  VI. — ilKRTBTOifAi.  Partts. 


^  1  o  w  n  cn  i  v%\o  b^oo  o\ 
1     w     *o  t*i 

0           t*i  +  «nso  t^OO  O* 
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V 

K 
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59-92 

ft 
ii 

50  32 

63 

»r74 

4 
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47 
57 
7 


16 

25 

33 
4« 

+9 
56 

♦ 

II 

17 


4  *4 


4  31 

4  37 
4  43 
4  49 

4  55 

5  I 

5  7 

5  13 
5  18 

S  24 

5  ^9 
5  34 
5  39 
5  4f 
49 
54 


5 
5 

5  59 

6  4 


9 
14 


41 

42 
43 
.44 
145 

48 

50 
53 
56 

59 
62 

65 
68 

71 
74 
77 
80 

83 
86 

89 

90 

92 

95 

98 

100 

lOI 

104 
107 

1 10 

113 

ti6 
119 

122 

"5 
128 

134 
»37 
140 


i^ 

6  »3 

27 

37 

45- 
50 
58 
10 


7  2* 


34 
45 
56 
7 
18 
8  28 
8  38 
8  48 

8  58 

9  8 


9 

9 
9 
9 
9 
9 

9 

10 


17 

26 
36 
45 
5* 
54 

10  II 

10  19 

10  2S 

10  36 
10  4^. 

10  52 

11  o 

II  « 

1 1  16 

II  14 

II  31 

II  39 


TABLE  IX. 
Dip  ov  m  HoBncnr  at  vakoto 

DISTANCES  FROM  IT. 


€^ 

I 
2 

3 

3^ 
4 


feet. 
5 


I 

II 
6 
4 

4 

3 


2 
2 
2 
2 
2 
2 
2 


feet. 
10 


HJ5I0HT  OF  Eye. 

feet. 


22 
II 

8 

6 

5 
4 

3 
3 
3 
3 
3 
3 
3 


feet. 
»5 


34 

17 
IS 

9 
7 

6 

5 
5 
4 
4 
4 
4 
4 


feet. 
20 


45 
22 

«5 

12 

9 


6 
6 
5 
5 
4 
4 
4 


*5 


56 
28 

«9 

15 

12 

to 

8 

7 
6 
6 

5 
5 
5 


feet 
30 


68 

34 
»3 
17 
14 

12 

10 
8 

7 
6 
6 

S 
5 


TABLE  X.— Ueduction  of 
i^oo^'^i  Eqiutobial  Parallax. 


HoAisoinrAi)  Pabauas. 


Lat. 

54 

56 

S8 

60 

1 

62 

ft 

II 

II 

// 

It 

4 

o-i 

0"I 

0'\ 

0"1 

O'l 

8 

0-2 

0-2 

0*2 

0*2 

12 

o'4 

o'S 

c-5 

0-5 

16 

0-8 

0-9 

o"9 

0-9 

20 

1-3 

1-3 

14 

14 

»-5 

24 

1-8 

19 

19 

2-0 

2-0 

28 

24 

4-5 

2-6 

2-6 

27 

32 

3-0 

3'i 

33 

3  4 

3'5 

36 

37 

^1 

4-0 

41 

4-3 

¥> 

4$ 

4*8 

SO 

51 

$•* 

5*4 

rt 

6-0 

6-0 

6-2 

6-6 

6-8 

5» 

6-7 

7-0 

7-2 

7'4 

7-6 

56 

7 '4 

77 

80 

%'% 

S*5 

60 

8-4 

9*0 

9*3 

fi4 

87 

yi 

9'4 

97 

lO'O 

68 

93 

9-6 

lO'O 

10-3 

106 

72 

9-8 

lo-i 

10-4 

IO-8 

II'2 

76 

io'9 

II-3 

117 

80 

IQ'5 

10-9 

ll'2 

1 1*6 

I2'0 
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TABLE  XL 

AuoiconEASiov  or  teb 

SmiHAKBEEB. 

4 

HORIZONIAi.  bKMIDlAMKltR. 

13 
w 

/  " 

# 

/  // 

f  II 

1  II 

< 

14  30 

15  0 

15  30 

16  0 

16  30 

17  0 

o 

 — 

» 

11 

tt 

1' 

o 

W 

0 

0 

0 

0 

0 

2 

1 

I 

I 

2 

I 

I 

4 

t 

I 

t 

I 

I 

I 

6 

2 

2 

2 

z 

2 

2 

8 

2 

2 

2 

z 

3 

3 

10 

« 

m 

1 

4 

t 

3 

IS 

3 

3 

3 

4 

4 

4 

H 

1 

4 

4 

4 

4 

5 

i6 

4 

4 

5 

5 

i8 

4 

5 

5 

6 

6 

%t 

c 

e 

6 

6 

6 

7 

1 

i 

6 

7 

7 

• 

*7 

6 

7 

7 

5 

5 

9 

30 

7 

7 

8 

a 

9 

9 

jj 

7 

8 

9 

9 

10 

10 

8 

9 

9 

10 

10 

It 

to 

9 

Q 

1 0 

1 1 

1 2 

42 

9 

10 

10 

1 1 

12 

13 

45 

10 

10 

II 

12 

13 

«3 

10 

1 1 

12 

I  2 

14 

CI 

1 1 

1 1 

!2 

»3 

14 

»5 

54 

1 1 

12 

13 

'3 

14 

15 

57 

11 

12 

13 

14 

'5 

16 

60 

IS 

>3 

«4 

14 

15 

16 

63 

1% 

'3 

14 

'5 

16 

^7 

66 

IZ 

13 

H 

»S 

16 

17 

69 

«3 

14, 

15 

16 

17 

18 

7» 

»3 

14 

15 

16 

17 

18 

75 

>3 

14 

15 

16 

»7 

18 

7« 

»3 

14 

15 

16 

17 

18 

8t 

14 

H 

«s 

16 

18 

'9 

84 

»4 

15 

I« 

»7 

t8 

19 

87 

«4 

15 

i5 

^7 

18 

19 

90 

»4 

15 

16 

17 

18 

19 

TABLE  m 
For  ooMTKBsms  LoNanuDB 
xwro  Tdo. 


Long. 

o 
I 


I 

S 

3 
4 

5 
6 

7 

S 

9 
10 

20 


H  I 

H.  M. 
M.  8.  ' 


I 

4 
8 

12 

t6 
20 
24 
28 

3^ 
36 
4« 
20 


Long. 


30 

4» 

50 

60 

70 
Xo 
90 
100 
a  00 
300 


« 1 

H  ( 

1 

1 

»>  %.  \ 

#/ 

Sen*. 

1 

2  0. 
%  40 

3 

I 

•067 

s 

•133 

3 

•200 

4  0| 

4 

■267 

4  40, 

.S 

■333 

5  201 

6 

■400 

6  0 

7 

-467 

6  40 

■•i33 

13  zo 

9- 

•600 

SO  0 

10 

•667 

TABUS  xm. 

Fob  ooxvEBiiira  Tub  mo 
LoTOEnnn. 


f 

rune.iLonff. 

Tiuve 

f 

Long. 

1  a> 

B 

Long. 

Min. 

0  / 

H. 

Sec. 

/  u 

II 

I 

15 

.  I 

0  15 

o*l 

1-5 

z 

30 

% 

0  30 

o*s 

30 

3 

45 

3 

0  45 

o»3 

45 

4 

60 

4 

I  0 

0-4 

fro 

% 

75 

5 

4  15 

o-s 

7-5 

6 

90 

6 

I  30 

0-6 

9'o 

7 

105 

1 

I  45 

07 

io'5 

8 

120 

8 

2  0 

c-8 

I  2"0 

9 

135 

9 

T-  15 

0-9 

13-5 

10 

150 

to 

»  30 

ti 

so 

5  0 

12 

180 

30 

7  30 

16 

240 

40 

to  0 

20 

300 

5° 

12  30 
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TABlii:  XIV. 

Pasajuuz  in  AiAmnut  of  xb 

B  Sun  AMD  FiiAms. 

App. 
Alt 

3 

5 

1 

y 

I  1 

1  c 
'  J 

17 

IQ 

21 

"i 

25 

*7 

3* 
 ! 

o 

ff 

ff 

II 

II 

II 

II 

II 

It 

It 

w 

n 

m 

3 

3 

5 

/ 

J  I 

11 

I  e 

17 

7 

21 

»5 

*/ 

•to 

11 

6 

I 

3 

5 

7 

f 

9 

1 1 

"3 

15 

»7 

»9 

21 

*3 

•9  c 
*5 

*7 

*y 

9 

I 

3 

c 
5 

7 

1 

0 

II 

13 

15 

17 

19 

21 

23 

2C 

27 

29 

31 

1% 

1 

3 

5 

7 

Q 

1 1 

13 

J 

19 

21 

22 

2A 

26 

28 

■JO 

15 

I 

3 

5 

1 

0 

1 1 

^3 

16 

\% 

10 

26 

28 

ig 

I 

3 

S 

1 

Q 

10 

12 

14 

i6 

18 

20 

22 

2A 

z6 

28 

2Q 

21 

I 

3 

5 

1 

g 

I  D 

14 

16 

rS 

20 

21 

2^ 

25 

27 

20 

7 

24 

I 

3 

5 

6 

g 

10 

12 

14 

16 

17 

19 

21 

^  1 
23 

26 

28 

I 

3 

4 

6 

8 

10 

1% 

t« 

'7 

SO 

22 

2A 

26 

28 

I 

3 

4 

6 

8 

10 

II 

^3 

16 

18 

20 

22 

24 

2C 

ft? 

I 

9 

4 

6 

8 

II 

^3 

14 

16 

18 

^9 

21 

24 

26 

36 

1 

z 

4 

6 

7 

9 

It 

\% 

14 

»5 

17 

^9 

20 

22 

24 
"J 

■J 

39 

1 

2 

4 

e 

7 

9 

10 

12 

13 

15 

16 

i8 

IQ 
7 

21 

4* 

1 

4 

5 

7 

8 

10 

1 1 

13 

14 

16 

17 

*7 

SO 

22 

45 

I 

2 

4 

5 

8 

Q 

1 1 

1 2 

I  X 

16 

18 

19 

21 

ft2 

4S 

I 

2 

3 

5 

6 

7 

9 

10 

II 

13 

15 

17 

1  R 

1  C 

1 1 

5« 

I 

2 

3 

4 

6 

7 

8 

9 

II 

12 

14 

16 

»7 

18 

20 

54 

' 

3 

4 

5 

6 

8 

9 

10 

11 

1 2 

14 

'5 

16 

17 

18 

57 

2 

3 

4 

S 

6 

7 

8 

9 

10 

II 

12 

14 

IS 

16 

17 

60 

1 

2 

3 

4 

5 

5 

7 

8 

9 

10 

II 

12 

J3 

14 

15 

16 

63 

0 

I 

2 

1* 

4 

5 

6 

7 

8 

9 

10 

10 

II 

12 

13 

14 

66 

0 

I 

z 

3 

4 

4 

5 

6 

7 

8 

9 

9 

10 

II 

12 

>3 

6s> 

0 

I 

2 

3 

3 

4 

5 

5 

6 

7 

8 

8 

9 

10 

ID 

1 1 

7« 

0 

I 

a 

z 

3 

3 

4 

5 

5 

6 

6 

7 

8 

8 

9 

10 

75 

0 

I 

I 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

8 

8 

78 

0 

I 

I 

I 

2 

2 

3 

3 

4 

4 

4 

. 
3 

5 

6 

6 

6 

81 

0 

0 

I 

1 

I 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

84 

0 

0 

I 

I 

I 

I 

I 

2 

2 

2 

2 

2 

3 

3 

3 

3 

«7 

0 

0 

0 

0 

0 

I 

I 

J 

1 

I 

I 

I 

I 

I 

2 

2 

90 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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TABLE  XT.— BwBAcnoir  <»•  im  Suir  ahd  Ssabs. 


Oon. 

I5f 

lUftae- 

Refrac- 
tion. 

App. 
Ait. 

Refrac- 
tion. 

lion. 

0 

t 

ft 

y 

It 

LI 

/ 

// 

0 

i 

1 

V 

«A 

10  0 

5 

I  y  0 

\j 

•9 

47  7 

c 

1  49-2 

37 

w 

I  I7'2 

J  O 

*3 

10 

5 

1  C*  I 

1 0 

3 

10 

I  48-4 

10 

I  167 

20 

22 

9  T 

20 

5 

zo 

X 

AA-8 

dO 

«  47-6 

zo 

I  l6-2 

30 

30 

5 

5  7 

30 

^3  3 

3^ 

I  46-9 

30 

I  15-8 

4  ° 

40 

5 

1  'O 

40 

^  i  0 

40 

I  46*2 

40 

I  15-3 

^9 

II  5 

5°!  4 

5"  3 

5° 

40  3 

I  45  5 

50 

I  14-8 

MM  «4 

II   o|  4 

5*  7 

0 

j» 

j*  « 

29 

t  44-8 

3* 

0 

1  144 

10 

f  9 

*7 

46*4 

ic 

4 

4  /  / 

1 1 ; 

7'  •! 
•)  1  M 

I  o 

I  44'i 

I  (J 

1  14-G 

20 

16 

35  ■* 

20 

4 

Al  "7 

2Q 

% 

3t)'o 

zo 

1  434 

20 

i  13-5 

^0 
J" 

16 

T  ^  *A 
'  3  + 

30 

4 

3?  7 

4a*6 

34  " 

30 

I  427 

30 

1  13*1 

I  c 

36*0 

40 

4 

JJ  / 

2 

33  * 

Ajr\ 

I  42*0 

I  127 

CO 

T  C 

5° 

4 

3*  0 

5° 

3 1  *9 

I  4I-3 

I  12-2 

3 

0 

I  A 

z8-i 

12  0 

4 

27'0 

21 

2 

90*6 

4A 

w 

I  40*0 

39 

1  si-8 

10 

1 1 

*3 

>/  3 

10 

4 

10 

a 

■*y  3 

to 

AW 

1  399 

IQ 

I  irj 

20 

•J 

x8*c 
*•  5 

20 

4 

21*1 

20 

2, 

«  39  3 

I  10-9 

10 
4" 

1 

30 

4 

1  7**7 

'  /  / 

4A 

*  V  u 

30 

I  38  6 

30 

I  so'5 

AO 

35  " 

40 

4 

40 

4f  ft 

AA 

r  38-0 

Art 

I  lO'I 

50 

I  z 

"■3 

SO 

4 

10  s 

50 

•> 

24-4 

I  37-3 

1  97 

A. 

Q 

i  t 

3  1 

13  0 

4 

'7*  C 

7  5 

w 

3' 

V 

I  36  7 

40 

1  9-3 

10 

10 

4 

10 

2 

TO 

I  36'! 

lo 

I  8-9 

20 

I  I 

6*  I 

2C 

4 

1  ■  c 

2.0 

2 

2.0 

I  35-5 

AW 

^  8-5 

10 

30 

3 

58-6 

^0 

19-8 

I  34*9 

I  81 

AO 

AW 

»«  J 

¥* 

3 

3  3/ 

AO 

l8-7 

ACS 

I  34*3 

Art 

I  ri 

CO 

J  V 

1  u  u 

SO 

3 

Ci"T 

5" 

3t 

5° 

I  337 

1  73 

e 

Q 

9 

54-  3 

14  0 

3 

AO'S 

23 

I  A"  r 

10  5 

3* 

I  33'i 

I  6-9 

10 

y 

3*^  4 

JO 

3 

JO 

4 

I  C"A 

I  0 

I  65 

10 

9 

20 

3 

T-T  " 

AW 

14  4 

I  319 

I  61 

iy 

1 

30 

3 

42*0 

J" 

*3  3 

9A 
30 

I  31-3 

•in 

I  57 

V 

55  3 

40 

3 

Art 

IA*4 
IS  3 

Art 

I  30-7 

Art 
4U 

I  53 

cn 

0 

0 

4*'3 

50 

3 

Ml 

JL  1  4» 

50 

1  %<ocr 

50 

I  49 

Q 

0 

19-9 

15  0 

i+  i 

'7  A 

2, 

A  U  A- 

33 

f 

I  29-f>. 

I  46 

I  0 

s 

0 

AO  A 

XO 

3 

10 

2j 

10 

1  29*0 

1 0 

t  4-2 

2C 

B 

Q 

6*6 

20 

3 

20*  s 

20 

■4 

14 

20 

I  28*4 

1 

20 

I  3-8 

7 

cc-6 
55  " 

30 

3 

*/  3 

/  ■* 

OO 

3" 

I  27-8 

^  35 

Art 

7 

44y 

40 

3 

2e*s 

AO 

2 

6-2 

I  27-3 

I  31 

7 

34  7 

50 

3 

**  y 

CO 

X 

5  * 

I  267 

I  2*8 

7 

7 

*4-  7 

j6  0 

3 

20*7 

1 1 

2 

^  3 

34 

Q 

1  26*2 

43 

I  2-4 

10 

7 

^5  3 

10 

3 

i8-c 

10 

2 

3  ^ 

10 
1  W 

1  256 

1 0 

I  2-0 

20 

7 

0  3 

20 

3 

i6c 

20 

2 

90 

I  25-1 

20 

I  17 

57  7 

30 

3 

lA."  c 

2 

1  *ii 

30 

I  24-0 

30 

I  13 

40 

6 

49-6 

40 

3 

i»S 

40 

2 

0*7 

40 

I  24-1 

40 

I  i-o 

50 

6 

50 

3 

50 

I 

59-8 

50 

I  23'6 

I  0-6 

s 

0 

6 

34-4 

17  0 

3 

«-5 

0 

I 

589 

35 

0 

I  231 

44 

0 

i  03 

10 

6 

2y  I 

10 

J 

6-6 

IC 

I 

580 

10 

I  22  6 

to 

I  0*0 

ao 

6 

20-0 

20 

3 

4-8 

20 

I 

57» 

20 

I  22' I 

20 

0  59*6 

30 

6 

131 

30 

3 

30 

30 

r 

56-4 

30 

I  21*6 

30 

0  59-2 

40 

6 

6> 

40 

3 

I  '2 

40 

I 

55-6 

40 

I 

40 

0  58  9 

50 

5 

599 

50 

2 

594 

50 

I 

547 

36 

5° 

I  20-6 

50 

0  58  5 

9 

0 

5 

5J*S 

18  0 

2 

57-6 

0 

1 

539 

0 

I  20"I 

45 

0 

0  58-2 

to 

5 

47-4 

10 

2 

55*9 

10 

I 

53» 

10 

t  196 

io 

0  57-8 

5 

415 

ao 

2 

54*3 

20 

I 

5**4 

40 

I  19*1 

20 

0  57  5 

30 

5 

35-9 

30 

2 

5»-6 

30 

I 

5i-f. 

30 

1  i8'6 

30 

0  57-2 

40 

40 

2 

40 

I 

1  181 

40 

i  0  ';6'o 

-  . 

5'-' 

S 

25  ' 

1  ;  7  t: 
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TABLE  XV. — Refraction  op  the  Scn  and  Stab& 


App- 
Ait. 

ItLfrac- 
tioti.  ' 

App. 
Alt. 

Reftac-  i 

tiOD. 

App. 
Alt. 

Refrac- 
tion. 

App. 
Alt. 

Rcfrac- 

App. 

Alt. 

Refnc- 

tiOD. 

e 

t 

0 

/ 

/ 

& 

It 

0 

t 

0 

/ 

/ 

a6 

40 

0  56-2 

Q 

Q 

AO*  8 

"4 

AO  tL 

73 

u 

Q 

17-8 

I/O 

82 

5? -7 
0 

0  55  S 

1  0 

C\ 
V 

Ad'  C 

iv 

1 
J 

17-6 

1  A 

S^•  I 
0  1 

«  55*5 

A 
V 

4*'^3 

W 

*7  4 

A 

30 

0  55-4 

4  n*/% 

30 

W 

4  A 

30 

A 
W 

17  Z 

4A 

30 

0 

7  • 

40 

0  54*9 

4-0 

0 

>9  ^ 

il  A 

t\ 

w 

Xy  V 

il  A 

40 

A 
W 

4c 

0 
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4' 


45  4 

45  M 

45  44 

46  2 

46  21, 

46  37 

46  53 

47  8 
47 

47  35 

47  48 

48  o 


48 

48 
48 
48 
48 
49 
49 
49 
49 
4V 
49 
49 


It 

22 
3i 
4^ 

s» 

I 

10 

18 
26 

33 

39 
46 


49  53 
49  58 


50  4 
50  9 

50  15 
5" 

50  24 
50  29 

SO  33 
50  37 
SO  41 

50  45 


59' 


/  M 

39  36 

40  22 

41  4 

41  44 

42  10 

42  5  5 

43  ^7 

43  5S 

44  »5 

44  5» 

45  17 

45  4» 


4«  4 

46  24 

46  44 

47  2 
47  a* 
47  36 

47  53 

48  8 
48  22 

48  35 

48  48 

49  o 


40  36 

41  22 

4»  4 

42  44 

43  *o 

43  55 

44  27 

58 


44 
45 

45  5» 

46  17 
46  41 


49  II 

49  22 

49  32 

49  4* 
«  5» 

50  o 

50  9 
50  18 
50  26 

50  31 
50  39 

50  46 


50 
50 
51 
51 
51 
191  5» 
5» 
S» 
5J 


51 
5» 
5' 


5* 
58 
3 
9 
14 
'9 
23' 
29 
32 
36 

41 


47  4 

47  24 

47  44 

48 

48  20 

48  3* 

48  53 

49  « 
49  21 

49  35 
49  48 
49  59 


50  " 

50  22 

50  3' 
50  41 

50  s» 
S«  <H 

5»  9 

S»  17 

51  «5 

51  3^ 
5*  3S 
5>  45 


51  5« 

51  57 

5*  3 

52  S 

52  14 
52  iS 

s%  %% 

52  28 

5*  3' 

52  35 

S2  40 


60^ 


41  36 

42  22 

43  4 

43  44 

44  *o 

44  55 

45  i7 
58 
25 

46  5a 

47  »7 

47  41 


45 
46 


48 
48 
48 
49 


3 
23 

44 

2 


49  20 
49  3^ 


5^ 
8 


49 
50 
SO  21 

5°  34 
50  48 

50  59 


51  10 

51  21 

5'  3* 
SI  41 

51  so 

5^  59 

52  8 

5*  »7 
52  2$ 

52  31 
5z  38 

5»  44 


52  51 


61' 


44  5«  43 


52. 
53 
53 

53 


56 
2 
7 


S3  17 

S3 

53  »7 
53  31 
53  35 
53  39 
53  4s 


42  36 

43  a» 

44  4 

44  44 

45  20 
45 

46  27 

46  58 

47  -^S 


55  4 

5 

6 


47  5* 
48 

48  41 


7 
8 

»7  9 


49 
49 

49  44 

50 

50  20 

SO 


364 


50 

s« 

SI 

51 

SI 


52 


21 


348 


p  p. 

for 
Par. 


t  M 

1  i*o 

2  2-c 


30 
40 

50 
60 

7-0 

80 
90 


r  I  -Q 

2  2'0 

3  30 
4.0 

5.0 

6-0 


7'o 
8-0 


47  9  $-o 
59 


52  le 

52  21 

52  31 

52  41 
52  503  3-0 

52  59  4  4-0 

53  8,5  5-0 


1  I'O 

%  2*0 


53  37 
53  441 


53  5» 

53  56 


54 
54 

54 
54 


9  90 


54 
54  26 
54  3 
54  34 
54  389 
54  41 


I'O 
2'0 

4'o 

S-o 

6*o 

7*o 

8-0 
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TABUS  XVIL— CkaoBwnojr  op  mm  Mooy's  Altitude. 


p. 

p. 

Moon'* 

Pa 

P.P. 
fbr 
Fu. 

for 
Alt 

54'  1 

55' 

56' 

57' 

58'  1 

59' 

1  «^ 

o 

lO 

0 

47 

48  50 

49  49 

50 

C  1 

47 

52  46 

A  C 
T> 

34 

A  A 
TT 

lO 

*7 

54 

48  53 

49  52 

5" 

5* 

e  t 

5»  49 

AO 

>T 

t7 

/ 

n 

X 

0 

zo 

47 

57 

48  57 

49  55 

5° 

55 

5* 

54 

52  52 

CI 

«2 

CA 

CI 

I 

I'O 

% 

o 

30 

48 

J 

49  ° 

49  59 

5" 

57 

52  56 

j3 

33 

JT 

CA 
JT 

z 

2"0 

3 

I 

40 

48 

4 

49  3 

50  2 

5' 

1 

Q 

5^  59 

C2 

<:8 

JT 

C7 

■9 
3 

2"Q 

4 

I 

5c 

48 

0 

49  5 

50  4 

5* 

3 

S3  ij 

CA. 

0 

CA 
JT 

CO 

J7 

A 
T 

I'O 

S 

I 

1 1 

0 

48 

9 

49  7 

50  6 

5* 

5 

5* 

S3  3 

£4, 

2 

ee 
33 

{ 

5 

T  7 

6 

I 

1 0 

4« 

1 1 

49 

50  8 

r  T 

51 

6 

53  5 

JT 

A 
t 

ee 
J  J 

1 
3 

6 

59. 

7 

I 

20 

48 

•3 

49  12 

50  II 

9 

53  7 

6 

ce 

J  J 

C 

J 

7 

6q 
7 

i 

2 

-* 

48 

15 

49  14 

50  «3 

51 

la 

5* 

10 

53  9 

54 

55 

7 

8 

79 

8-8 

9 

X 

40 

48 

»7 

49  «6 

50  14 

SI 

13 

5» 

la 

53  " 

54 

10 

55 

8 

9 

50 

4» 

^9 

49  »8 

50  17 

5' 

'5 

3* 

53  13 

54 

II 

cc 

J  J 

10 

\% 

0 

4* 

21 

49  20 

50  19 

C  I 

C2 

S3  IS 

54 

'3 

cc 

J  J 

iz 

/ 

// 

10 

48 

23 

49 

50  2C 

5* 

TO 

>■* 

iS 

53  16 

54 

»5 

ce 

J  J 

14. 

*T 

/ 

M 

I 

o 

2.0 

24 

49  *3 

50  22 

r  I 

20 

r  -> 

J  ~ 

53  17 

54 

16 

55 

1  5 

I 

I'O 

% 

o 

30 

48 

20 

49  *5 

50  23 

5' 

C2 

2 1 

S3  19 

54 

17 

S  5 
J  J 

16 

2 

2'0 

3 

o 

40 

4* 

27 

49  20 

S©  34 

et 
5* 

*3 

C2 
3* 

ai 

S3  ao 

54 

18 

CC 

J  J 

1  7 

3 

29 

4 

c 

4» 

28 

49  *7 

SO  as 

*4 

C2 

22 

53 

54 

19 

cc 

J  J 

18 

4 

39 

] 

^3 

0 

4» 

29 

49  *7 

50  26 

5* 

24 

S3 

54 

20 

cc 

J  J 

I  Q 

c 

4*0 

T  7 

I 

10 

45 

31 

49  ^9 

50  28 

26 

J-* 

2  c 

S3  *3 

54 

21 

ce 

J  J 

I  Q 

6 

5Q 

7 

I 

zo 

45 

31 

49  30 

50  z8 

CI 

>* 

*/ 

>* 

a^ 

S3  24 

54 

22 

20 

7 
8 

69 

g 

I 

30 

48 

33 

49  30 

SO  »9 

5» 

a7 

5» 

S3  a4 

54 

aa 

55 

20 

79 

8-8 

9 

I 

40 

48 

3^ 

+9  31 

50  Z9 

5^ 

28 

52 

26 

53  «4 

54 

aa 

55 

ai 

9 

50 

40 

33 

49  31 

50  30 

ei 

28 

zz 
J" 

26 

53  24 

54 

23 

55 

21 

0 

4S 

3+ 

49  32 

50  30 

ct 
5' 

2,0 

<2 

J* 

27 

53  25 

54  23 

cc 

21 

n 

1 0 

48 

34 

49  33 

50  31 

5.0 

CZ 

53  26 

54  24 

J  J 

22 

0 

1 

o 

20 

45 

34 

49  32 

50  51 

^9 

27 

53  25 

54  24 

ce 

22 

I 

I'O 

s 

o 

30 

4s 

35 

49  33 

SO  31 

e  t 

CZ 

Z7 

S3  as 

54  24 

22 

a 

I '9 

3 

o 

40 

4» 

35 

49  34 

50  31 

5* 

5* 

aS 

53 

54  23 

aa 

4 

a*Q 

4 

o 

50 

48 

35 

49  3  3 

50  31 

29 

5* 

•*/ 

53  25 

54  23 

ec 

J  J 

21 

4 

5 

o 

»5 

0 

48 

3* 

49  34 

50  31 

30 

5* 

^7 

*7 

53  25 

54  23 

cc 

J  J 

21 

▼ 

5*8 

6*8 

6 

o 

10 

48 

35 

49  33 

50  3* 

5* 

»9 

*  / 

53  ^5 

54 

23 

c  c 

J  J 

2 1 

6 

T 

f 

o 

20 

48 

35 

49  33 

50  3> 

*9 

26 

S3  »4 

54 

22 

20 

7 

/ 

o 

o 

49  33 

5°  31 

CI 

J 

28 

^2 

26 

S3  "4 

54  M 

55 

20 

8 

77 

9 

o 

4c 

48 

34 

49  33 

50  30 

Kl 

28 

5» 

26 

53  24 

54 

21 

55 

^9 

9 

8-7 

5° 

48 

34 

49  3* 

50  30 

SI 

27 

5* 

as 

53  13 

54 

ZO 

55 

18 

/ 

i6 

0 

4? 

34 

49  31 

50  29 

SI 

a# 

5- 

53  22 

54 

20 

55 

17 

16 

10 

48 

33 

49  3» 

50  28 

51 

26 

5^ 

24 

53  21 

54 

19 

55 

/ 

«r 

I 

o 

so 

48 

3» 

49  3« 

50  27 

5» 

*5 

5» 

23 

53  20 

54 

18 

55 

T5 

I 

I'O 

s 

0 

30 

48 

32 

49  29 

SO  ao 

51 

24 

5* 

22 

53  19 

54 

17 

55 

14 

z 

I '9 

1 

G 

40 

48 

3» 

49  28 

SO  «6 

5» 

14 

5* 

21 

53  »8 

54 

16 

55 

^3 

3 

2'9 

4 

o 

50 

48 

30 

49  27 

50  2Ci 

"ii 

23 

5^ 

20 

53  17 

54 

15 

55 

1 2 

4 

3-9 
4'S 

I 

«7 

0 

48 

49  »7 

50  24 

51 

22 

S» 

:i 

S3  16 

54 

14 

55 

1 1 

5 

1 

I 

10 

48 

49  *6 

5» 

ai 

5» 

53  >5 

54 

13 

55 

10 

6 

5-  8 

6-  8 

7 

I 

20 

48 

28 

49  15 

50  23 

5^ 

20 

5a 

17 

53  '4 

54 

ta 

55 

9 

7 

8 

I 

30 

48 

49  H 

50  22 

5^ 

19 

S* 

16 

53  '3 

54 

10 

55 

8 

8 

77 
8-6 

9 

I 

48 

49  M 

SO  ai 

5> 

18 

5* 

>5 

53  »2 

54 

9 

55 

6 

9 

48 

49  *3 

50  ao 

5« 

i7 

5» 

«4 

51  »» 

54 

8 

5S 

S 
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TABL£  XYII. — CoBBBonoK  as  the  Moon's  Ai/titude. 


P.P. 

for 
AJt. 


MoonTi 

App 
Ak. 


I 
z 

3 
4 
5 
6 

7 
9 


f 
I 

2 

3 

4- 

5 
6 

7 
8 

9 


I 

2 

3 
4 


7 
8 


I 
» 

3- 

4 

S 
6 

7 
g 


o  / 

18  o 
lo 

lO 

30 
40 
50 

19  o 

30 

40 

50 


20 


21 


22 


O 
10 

ao 

30 
40 

50 
o 
10 
20 

30 
40 
50 


23 


10 
90 

30 
40 

50 

o 

JO 

20 

30 

40 

5° 


MOOWl  HOBaOMTAL  PA»AH>t». 


54' 


48 
48 
48 
48 
48 
48 
48 
48 
48 

4« 

48 

48 


24 
23 
22 
20 

19 

iS 

16 
15 

12 
II 

9 
8 


48 
48 
48 
48 
47 
47 
47 
47 
47 
47 
47 
47 


2 
o 

58 

56 
54 

53 

50 

47 
45 


4-7  41 

47  39 

47  3^ 

47  33 


47 
47 
47 


3» 

28 

26 


24 


o 
10 
so 

JO 

40 

50 

o 
10 

20 

30 
40 


47  *4 
47 

47  18 
47  16 
47  13 


47 

47 

47 

47 
46 

46 

4* 


10 

7 

4 

I 

56 

5* 
49 

4i 
39 


55' 


49 

49  20 
49  19 

49  »7 
49  16 

49 
49 
49 
49 
49 
49 
49 


56' 


II 


49  - 
49  o 
4S  58 

48  56 

4»  54 

48  52 
4S  50 
48  48 
48  46 

4S  43 
48  41 


44  48  39 


48 
48 
4S 
48 
4S 
48 
48 
48 
48 

48 

48 

48 


34 
3' 
29 
a6 

23 

21 

19 
16 

13 

10 

8 


57' 


48 
48 

47 

47 
47 
47 
47 
47 
47 
47 
4: 


5 
2 

59 

56 

53 

47 


50  1 
50  J 
50  16 
50  14 

50  12 

CO  II 

5-'  9 
50  8 

SO  5 
SO  41 

50  2 

50  I 


49  58 
49  5^ 
49  55 
49 

49  5° 

49  48 
49  46 

49  44 

49  42 
49  39 
49  36 
49  35 


51  15 

51  14 

51  13 

51  10 

5^  9 

51  8 


51 
51 

5« 


50  58 
50  57 


49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 


3» 

30 

24 
21 

19 
16 

>4 
ti 


SO  55 
50  S3 
50  51 

504* 
5046 

50  44 

.50  42 

50  40 
5"  37 
5"  35 
50  37. 

50  31 


50 

50 

sO 
50 

50 

50 

50 

50 
50 

9  50 

50 


28 

as 


5 


20 

1 1 

9 
6 

3 

I 


5*' 


52  12 
52  n 
52  10 

5^  7 


59' 


52  0 

5*  4 

5*  « 

52  I 

51  59 
SI  57 

51  55 
5»  54  5* 


51 
S» 
51 
51 
SI 
51 
S» 

51 
51 

51 

SI 


51 

48 

47 
45 
4* 
41 

38 

35 

34 

3' 
28 

26 


40 


49 
48 

48 
48 
48 
48 

48 


56 


49 


S» 
51 
5' 
51 
SI 
51 
51 
51 
51 
50 
50 
57  50 


44 
21 
18 

>S 

12 

9 
6 

4 
2 

58 

55 
5* 


44^48 

48 


?6  48 

;  43 


40 
46 

46  36)47  3oj4.8  14}  49  18 


49  54 
49  51 
54  49  4^ 
51  49  46 

47|49  4» 

44'  49  39 

49  28 

49  »5 

49 


53 
53 
53 
53 
S3 
53 
5* 
5* 
5* 
5* 
52 


9 
8 

7 
4 
3 
I 

S9 
58 
55 
54 


60' 


54  6 
54  5 
54  3 
54  I 
53  59 
53  58 
53  56 
53  54 
53  5» 
.    S3  5» 
52  53  4? 
50  53  46 


61' 


55 
55 
55 

54  58 


0-9 
'■9 

54  56  3  ^•8 
54  55  4  3  8 


KP. 


54  53 
54  5' 


52  47 

52  45 
52  43 
52  41 

38 

5*  36 

5*  34 

52  32 

52  3c 
52  27 
52  24 
52  22 


52 

5* 
Sa 
5» 
5* 
51 
5» 
51 
51 
5» 
51 
51 


19 
16 

13 
1 1 
6 

5 
2 

59 
56 
54 
SO 
47 


34 

30 

27 


49  36 
49  3* 


50  49 

50  46 

50  43 
50  41 
50  37 

53  33 
50  30 
50  %6 

50  22 

50  19 
50  ]t) 
50  12 


51 
51 

51 

SI 
5> 

51 
51 
5" 

51 
51 
51 
SI 


53  44 

53  42 
53  4<^ 
53  37 
53  34 
S3  3% 
53  30 
53  27 
53  -5 
53  ^- 
53 

S3  i^ 


54  49  7  6-7 
54  47  «  7  6 

54  44  9  8'5 
54  43 


303 


S3  IS 
53  12 


53  9 
53  6 
53  » 
53  o 
5*  57 
52  54 
52  51 
S»  4» 

52  45 
52  42 


44 
4' 
3S 
35 
3> 
27 
24 
at 
17 

13 

10 

6 


52  39 

52  35 

52  32 

52  29 

5*  »5 

52  22 

5  a  19 
52  IS 


54  40 
54  38 

54  36 
54  33 
54 
54  2 
54  26 
54  23 
54 

54  19 
54  ^5 
54  »3 


84 


54 
54 
54 
54 
53 
53 
S3 
53 
S3 
53 
53 
53 


II 
7 
4 

57  3 

55  4 

52  5 

6 

47' 

43 
409 

37 


5  47 

6  57 


c-9 

1-  9 

2-  8 


37 

5  47 

6  5-6 

7  6-6 

8  7-5 

9  S-4 


52 
5* 

5* 
5* 


II 
7 
4 
o 


S3  34 
S3  30 
S3  27 
53  *3 
53  *o 
53  T7 
53  13 
53  10 
S3 

53  * 
5* 
S»  54 


09 

1-  8 

2-  8 

3-  8 

47 

5-  6 

6-  5 

7-  4 

8-  3 


589 


09 
1-8 
27 

3-  6 

4-  5 
54 
6-4 

7"« 
8-2 
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TABLB  XVII.— OoKRBonoN  or  trs  Moon's  Avmma. 


p.  p. 

for 

Alt. 


I 
2 

3 
4 
5 
6 

7 
8 


I 
s 

3 

4 

5 
6 

7 
S 


I 

2 

3 

4 

5 
6 

7 


9  5 


1  I 

2  I 

3  » 

4  2 

5  3 

6  3 

7  4 


MOOWB  HORtZONTAi.  HAKAIibAS. 

59'  I 


54' 

55' 

56' 

58' 

34 

0 

43 

20 

f  // 

/t  A  10 

45 

// 
0 

1  It 

4(  Co 

/  ff 

t"  j7 

to 

43 

»S 

c 

4i<  44. 

46   1 1 
T"   5  J 

20 

43 

10 

TT-  " 

44  49 

4C  40 

t5  yt 

46  28 

30 

43 

5 

44 

44 

4j6  21 

40 

43 

I 

CO 

44 

40 

4.C  20 
t5  *7 

46  18 

SO 

42  55 

43  *> 

U  34 

t"  *  3 

35 

0 

4*  51 

AO 

44 

%9 

46  8 

10 

42 

45 

44 

24 

4?   1 1 

a6  2 

T  * 

20 

42  41 

Ti  J" 

44 

J9 

4?  8 

t5  5/ 

30 

4»  3^ 

43  »5 

44 

13 

45  * 

45  5' 

40 

42  31 

43  20 

44 

9 

45  58 

45  46 

so 

42 

26 

TJ  **t 

44 

3 

4^  ^2 

T  J  J" 

t5  t*' 

36 

0 

42 

21 

43  58 

44  47 

TT  T/ 

4C    5  < 
t5  35 

10 

42 

15 

43 
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so  to  «o  lo  lo    to  lo  >o  to  to    lo  so  sn  vn  so  to 


i 


W>  M  00  to 

o  o  esos 

so  so  to  to 


o\    00  00  00  00  rv    »^  t>sp  so  >b 


»>00  O  t4  ^ 

dvso      -  OO 

to  t/-l       lO  lj- 


E 
o 

M 

to 


»  (~)  CO  to  OS      «0  OS  t^SO 


00 


}s8 


so  ft 
CO  CO  CO  €0  CO 


to*  ♦ 

CO  CO  ^o 


1*^  COOO  CO  00 

y»  O  m  rn  o 
■  -    «A  w>sc 


O  V>  t>  f«  (A 

i*«o* 
ft     M  «o  OS 

fO  CO  ©O  CO 
<>s 


ooo  00  ««  O  Q 

toso  o  foso  os 
M  ^oo  M  ^ 

00  00  00  O*  Os  On 
4^  CO 


00  O  «  t>>  OS  «O00  *  M  00 

*Oscot^M  SO  O  to  O  ■4* 

SO  «*»  «0  «  t»  ■» 

00  OO  00  00  00  00  00  00  00  00 


•*  otj*' 

■»      O  O  OS  

~  oe  r>>rHtH 


*  o»  ^ 

OtOO  00 


CO  ^so  00 
tN  ts  r>  ts 


§ 


CO  r<  so  -< 
O  c^  -^i-'O  >o 

00   COOO  COOO 

vO       t^oo  00 

o  o  o  o  o 
bs 


rJ  O  so  OO  o 
O  cJ  O  '-n  r-~ 

i-N  c-^so  so 

COOO   COOO  CO 

OS  g\  O  O  « 

p   O          M  M 

9> 


00  sn  »-i  \o  *H 
vO    H  "O 


kO  M  so  r<s  O  O. 
t}-  'J'l  rl    t-.  O 


o 


O  •<  €»  «o* 
to  «o  so  to  «o 


w\so  «<«oe  o>Q 
to  to  to  vo  wvo 
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TABLE  XIX. 
ConHOir  AXB  HnuBBOua  Lqoabithms. 


f  ,im»i«->«iii««. 

1 

Hyp.  Lflgarithnu 

HypatoUe 
TingaTithini. 

Con.  LogMHInBi. 

t* 

»*30»5S5i 

I* 

•4J4*945 

*• 

4*6051702 

»• 

•8685890 

Y 

*'9077SS3 

3- 

i*30s8834 

9*«tc3404. 

4' 

»'737i779 

5' 

11*5129255 

5" 

2-1714724 

6- 

i3'8i$Sig6 

6- 

»'6o57669 

T 

i6'ii8o9$7 

T 

3*0400614 

8- 

8* 

3-474J559 

9* 

9* 

3*9086503 

TABLS  XX. 
OvmiOjmA  09  tan  Basih  axd  BBmonov. 


in 
ChaiM. 


1 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

'3 

14 

\i 

17 
18 

19 

60 


Cnmtute^ 


Feet, 
•ouoic 
'0004,2 
*ooo94 
■00167 
•00261 

•00375 

•005 1 1 

•00667 
■00S44 
•01042 
•OI26I 
•01 50 1 
•01761 
•OS043 
•o»345 
■o«668 
•03012 
•03377 
•03762 
•04169 
-1668$ 

•37519 


Curvature 
and 


•00009 

*ooo36 
*ooo8o 

•C0143 
•00223 

*00322 

•00438 

•00572 
H»0724 

•oioSi 

•012?6 

01510 

•01751 

•02010 
•02287 
•02582 
•02894 
•03*»$ 

•03573 
•14302 

•3*»73 


DtsUQCS 

in 


2 

3 

4 

5 

6 

7 
8 

9 
10 
11 

12 

»3 

:i 

«7 

18 

«9 

20 

*S 
30 


Cnnatum 


Feet. 

•67 
2*67 
6x0 
1 0*67 
16-67 
24*00 
32^68 
42*69 
54-02 
66-70 

8o'7i 

96-05 
112-72 
13073 
150*08 

«70-75 

192-77 

2l6'I0 

240-80 

266-80 
416-88 
600*30 


RcfhwdoB. 

Feet. 

■57 
2*29 

5*»+ 

915 

1429 
20-57 
28'ot 
36-60 
46*30 

5r«7 

69*18 

7233 

96*62 
1 12*05 

148*64 
IA6-36 
105*23 

185*23 

206*40 

22868 

357  3* 
5i4«S 
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TABLfi  XXI. — Tbioonohktbioal  EQurvAXffiim 
(Arc  c  —  half  the  arc  a.) 


I  tan  a 

—  zamc.cof  c 


V'  I  +  (cota)*     V I  +  (tmay 

yi— eo«a«        g  tang     ^  - 
"  \/      s       "  I  +  (tan  c)*     cote  +  tau c 


(».)  Owa  -  nna.ooia  -  — ~j 

-  I  -  « {m. «)»  -  « (CO.  c)«  -  t  •  ^-^^^  


I  —  (tanc)'     cote  — 


tane 


I -I- {tan^*    aA^+Wnc     i  +  tBaa.tanc 


(3.)  Tana  —  —  i  .  v^(«eea)'> 

^  '  COS  a    cot  a  (coao)' 


aeeg  tin  a         <ma.coa«     y^i  -^ycota)* 

coMoa     v'l  —  (aina)' 

2  tanc  2 cot c  z   1  —  coaaa 

I  —  (iBoc)*     (cote)*  —  I     eote  —  tan  c       no  a  a 

rinza  yi  —  co«20 

—  cot  a— 2  cot  2  a 


I  -4-eo«  2a 


(4.)  Cot  a  —  ^(coaeea)*  —  i  —        =        «=»  tbanramiealaaf  theahore 

^  '  ^       '  saia  tana 

axprMiioDt  for  the  tangent 


(5.)  See  a  »  \^  x  +  (tana)*  •*  — ■'the  radwocda  ef  (he  above 

BUI  a     ooe  a 

axpcea^aoe  for  the  eoaine. 


(6.)  Coieca-  ^/ 1  +(«»to)*«        «  aeea.eeta  -  -i— »  Oia  Meino- 


eala  ef  the  above  expceadoiu  for  th 


r  sil'.e. 


(7.)  Venina  =  /T£V  I  <*•>  C*ve«in  «  ^ 

 I +«o»«  I      '  14-  8111  a 
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TABLE  XZII.->]BxnnBioiim  k»  Muxoiflb  Asm. 


(2.)  Sin  2  a  "  2  sin  a  .  cog  a. 

(3.)  Sia  3  «  =  3  sin  o  —  4  (sin  a)*. 

(4.)  8m4a»coBa  {4BU1  a  — 8  (sin  }• 

(5.)  Sin  5«- 5 ana —20(00 a)' +16 (on a)* 

(6.)  Sin»a-»"~'.im^.  ib(ii  +      .  iin      + ^)  +  4ft 


(7.)        «ewa  {(s  sina)"''  — -^7^  (»  «a  «)*"'• 

_^^.J«--^5).(it-^ 


(9.)  Cos  »a  =  a  (€oia)*<->  I. 
(10.)  Cos  3  aa^.  (ooaa)*— 3  cm  a. 
(11.)  Cos  4a  =  8  (cota)*~  8  {oM  1. 

Om        16  (cMa)'— so  (oM  a)H  5  co^  " 

(13.)  {(a  rfna)*  — «(»  nng)'*^+"       ^  <a  nn  fl)*^ 

(14.)  Tta»|. 
(15.)  T»A 


1.2.3 

tan  a 


a    1  +      I  -f  (tana)* ' 
I— (tMl«>«* 

<i6.)  TMi3a»3tM*-^j^^f)'. 

I  — 3(tanrt)- 

(17.)  Tan  4a  -  .Jl^^J!..'^  '  4  (tan  a)^  . 
^        *       1-6  (tan  a)*  +  (tan  a)* 

^    '        '        I  —  io(tan  a)^+5  (tanc)* 


(19.)  Oal  -     -  . 

»     ^/l  +  (cota)*— co»a 

/    \               (cot  a)'—  I 
(to.)  Got  a.  a   

a  cot  a 

(,,.)<>.«.-'-°v-;!-x--- 
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(i.)  Sin  (a-^f^s^nn  a  .  cos  ^-(-cos  a  .  «in  /J. 
(%)  Sin  (a  — /})  »  BID  a  .  cos  |J  —  C06  a  .  am  fi. 
(3.)  C(w(a«fi})»cMa.eM^— ama.aiiilk 
(4.}  Cu(a— ^^cMa.oM/l+aiiia.m/l. 


(7.)  Got(a+A)==: 


I  +  tan  a .  tan  /ft 

cot  a  .  cot    —  I  ^ 
cot  jl'^QOt 


V  cot /S— cot  a 

(9.)  Sin  (a + jS) .  tin  (a      =  (sin  c)»  -  (sin     -  (cos^)'  -  (eos  a)» 
(la)  Om  (a+/») .  001  (a      a:  (cot  0)'  ~  (sia       (cMiS)<  -  (no  a)*. 
(11  \  (a+g_^<«aa+laajft^«ot/l+cota 
Sin  (a— ^)'*taaa— lMi/9"«i*i9— «»t«* 
{x%\  +  ^)  _  cot  /5  —  tan  a  _  cot  a  —  tan  /3 

^    '  Sin  (o  —  ^)  ~  cot       tan  a  ^  cot  a  +  tan  /J* 
(13.)  Bma+vnA^s  ciD4(a  +  /3) .  cm  4  (a— 
(14.)  8ina'~mijB>a  rin|(<i— /l).0Mi  (a+/Q. 
(15.)  Cot  a +001^02  cos  i  («+/i)  .eofi  (d  —  Zf^ 
<i6.)  Cos  a~«Mil-t  1  sin  (  (a~j^ .  an  \  (a+H). 

*  '  cos  a  .  COB  ^ 

(18.)  a!«ia-t8iiA— 

^    '  eosa.coi^ 

(i9.)Oot«+eotU-^"^''+^. 

*  sm  a .  sm  /} 

(aa)Ort.-«olA--!i^iiA 
■in«.Mii/S 

(si.)  »  nil  a  .  CM  /»-  lin  (a+/l) +nn  (<i>0). 

(»».)  ft  cos  a  .  till  (I— (a+^  — ib  (a— JS). 

(»3.)  s  eoi  a  .  CO8  /l»coi  (a+^  +cm  (« 

(24.)  »ilna  .  rin  $»coi  (s— ^)  —  cm  (a+/!)b 

\  -TPTW     ,_  tan  (a +10.  tan  y 

tan  o  -{-  tan  fl  4-  t.an  y  _  tan  a .  tan  0  .  tati  y 


t  —  tan  a  .  tau    —  tan  a  .  tan  ^  —  tan  0  .  tan  )r 
(a6.)  1hiia+taD^+taay»tan«  .  ta&/l.  tanyi 
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TABLE  XXIV.— TRrooKousiBKUJ.  EzsBBssioina. 


Bxpraiiioiu  £nr  the  •iii^      uu,  and  cot,  m  terns  of  the  arc  a. 


(i.)  Sina  ■«  a  -j-  —  —  l  ^ 

3     I. a. 3. 4. 5     I. ». 3.4.5.6.7^ 

(».)  Oqe«  =  i--^+-_2!  ^  -  + 

i.s     i.».3.4     I. ft. 3. 4. 5. 6  ' 

-(-*^)(-|^)('-^^)*' 

Oct «  - -J  - .  ^-y^  -  Ae. 

Kqraaloiiia  ftr  the  are  in  tenas  of  the  rin  end  tuL 

(5.)  Aw.  -  riDa  +  +  Jh. 

I  .ft. 3    I  .a .  3 .4.  5 ^ 

A        ^       (laji«)»  .  (tm«)»  . 

Bxpreinaiift  fiw  the  powen  «i  the  riii  aad  coo. 
(7.)  ft(«na)*  —  I  —  eoiae, 

(8.)  4  (sitnar     3  ana  —  rin  30, 

(y.)    S/slnaV  =  3  —  4  cas  2  a -j- cos  4a, 
(10.)  16  (siiu/)"*  —  sin  5a  —  5  sin  3a  -f-  losina, 

a"  (aiiia)"  =>  +  z  sin  na  -j:  xn  .  gin  (a  —  a^a  +        ^  '^«n(«— 4)a 

_  2  31  (it     i) .  (n  —  a)  .  >       ,c    .  . 
1 .  a .  3 

(ift.)  Or,  +  *it.coe{«—ft)«+^~^^coo0i—4)a 

+  i  '  oob(ii  —  6)a±&o. 

^         I. a. 3  ^       '  — 

When  »  U  of  the  Ibim  4m  -f    use  series  (i  i)  vHh  the  upper  signs. 

M    ft        tt         4SI— I,      „      (11)      „     lower  si^s. 

ft    ft       »        4M>  »      (12)     n     upper  iigM. 

»        4«»  +  a»      »      \«»)  o 


{i3.y  ft  (coBfl)*  —  co»a«  +  I, 
(14.)    4  (cos  a)'  =  cos  301-3  cos  a, 
(lO   i  (cosa)^  B  cot4a  +  4C0«aa  4*  3» 
(16.)  i6(coea)*  -  0015.  +  50003.  +  looosa. 

(17.)  a» (ooia)*  —  acoexa  +  aft.ooo(»  -  *)a-\  7— — ^eot(»  — 4) 


,  aii6i     i) .  (n  —  z)      ,      ti\    I  c 

^  ^       f  ^       'turn        o)  a  -i*  &G. 

I  •  a « 3 

The  ibcmda  ondiiig  m  — ■■  ■      '  ^   eo8(ii  —        or  in 

1  •  a  •  ^  •  ovC* 

7  n  (n  —  1 )  .  (n  —  ft)  .  &€«  .  1  v 

 .  ' — ^  cosa,  according  as  n  la  an  even  or  aii  uuii  iiumber, 

J  .  z  .  3  ■  &c 

and  in  the  former  caae  hail  the  ezpresaioa  is  to  be  taken  for  the  last  tern. 
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TABLB  ZXV.— FoKHDu  fob  Souvnm  asm*  fn 

ov  A.  RwmuaiKAL  Tbianolb,  of  which  three  tarts 

Gasb 

ARB  KNOWN. 

Vftlue  of  any  ude,  as  A» 

(i.)A 

S  •  Bin  A 

0.  aiao  yV 

(3.) 

coajf  +  riiiy.cota 

(4.) 

C 

cm/}  +  iin0.  cota 

(5.) 

=  B.«My  +  6.iiiiy.oot$. 

(6.) 

«  0  .  cntiS  4-  0 .  nn/l.ooty 

(7.) 

-  V(B*  +  0*-aB.C.o«Ma). 

(80 

=  B  .  cosy  +  V  { -      .  (sin  y)  }• 

<9-) 

-  0.cw*iv'{B*-0».(»liij8)»} 

Tafaie  of  tbe  tin  of  any  aqgl^  m  /L 

(»o.)  Sin^ 

B .  sina 
"     A  • 

(II.) 

B  .  fiiny 

-     <5  • 

(I*.) 

•  un  (y  +  a). 

(«3) 

■■  Bin  y .  o«a  +  cosy,  sin  a. 

04) 

B  .Bina 

"  ✓  B»  +  0»  —  «B.G.OMa)' 

(•5) 

B.Mny 
v<  (B*  +  A*  —  a  B .  A .  OM  y ) 

(16.) 

(17) 

•ina{0.cMa±  >/A' —  0*.(iiii 

A 

(i8.) 

_  •iny{A.ci»y±  >/CJ«-  A*.(iiny)"} 

C 

UATHEMATIGAL  TABLES. 


167 


u  I 

1—1 

D 

o 

% 

D 

o 


o 
■ 

g 

o 

-0 
o 

« 

o 
3 

X, 


>  >  > 


\ 
I 


If  <  4?, 
y  it  fmaginaiy. 


I 


S  + 


C51 

n 

H 
A. 


e  a 


8  «*• 

I 

o 

o  a, 

« r 


rtl  o,  > 

"  I 

I 

H 


J 

I 

H 


I 


n 

o 
c 

5 


I 

H 
I 


I  A,i  ro  «L 


I 
9 


(5 
0 

1 

B 


I 


+ 

o 


S  1 
oil 

m 

M 


o 
II 

•   S  H 


^  1 


+ 
«« 

+ 
m 
H 


M     3  \^ 

0 

I 


II  -^ 
H  5£. 


9 
I 


II 

I 


(4 

N 
H 


^4  i  J    -3:  f 


I 
.2 


<d 

(• 

«» 

8 

■> 

tan 

> 

1 

II 

n 

ca. 
S 

t 

Letu 

real  TO 

Oaly 

I 

.s 

9D 


f« 

I  I 
I  I 

H  % 


I 

•I 


I 


o 
o 

*8 


+ 

A. 

I 


ta. 


e 


05  « 

»3 


•a  I 
1 


<* 
i 
I 

H 
** 

o 

s 


i  I 

I 

A  ^ 

:  1 
«> 


i 


i 

?  s 
1  I 
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TABLB  ZXYII 

ax 

(I.) 

I. 

(»•)  «* 

n. 

(3  ) 

f  in  wIimIi  «  b  tha  Bodalin  of  ib» 
X  (         lyitem  of  IqguitlinM. 

—                1^1  »  91*71  SSl8tS.J 

(6.)  a'. 

(7.)  miA 

CM*. 

(8.)  eosjr. 

—  dnx. 

(9.)  tanx. 

(6MX)* 

(10.)  eot«. 

(sin  *)* 

2BUIX  .cog*. 

—  Annx  ■Mtx« 

(,3.)  {UBS^. 

((DOdX)* 

(14.)  (cot*)*. 

2C0tX 

(15.)  liar*  9, 

1 

t 

(17.)  taD.~'x. 

I 

(18.)      +  ifip. 

.  d(^x) 
dx  ax 

(.9-) 

d  fox)          d  (-ax) 
**-3fi — dx 
(4x)« 

{zo.)Jx  .  fx  .^x. 

«>'-^*--Sr+'^  dx 

f  V,  ia  whieh 

d,  {4,  x)     i,  y<p  v) 

ri  X               H  f 
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TABI.E  XXVIII. 
Ubeiol  Hcubebs^  with  tbeis  Looabiihms. 


Cixcamfevence  of  a  wdel  ^ 
wbose  dia.  s  I     •  •  / 

Area  of  the  sane  .  .  .  >     r  ^ 

Diameter 

whose  area 


of  a  oirdel       y/4  _ 


Surface  of  a  spliere  wboae  I  _  _  . 
dia.  =  i  /~ 

Solidity  of  the  I 

Diameter  of  a 
wboae  folidi^i 


sphere  1  _^  ^     6  _ 

^=1  f-v'  * 


Length  of  aie  i"=na  i"  (pA*  1 

being  unity)  / 

Length  of  arc  i'  —  iiu  z"  (^rad. 

being  unity)  

Leiigtb  of  arc  3"=  «a  3"  (cad. 

bcinf  unity)  

Li.-iigtli  <;r  arc  I's  no  t'  ^ad.  \ 

being  unity)  ..... 
Length  of  arc  1°  (tad  bdng  imtty) 
Length  of  sin  x''  (rad  being  oni^) 

BadioiMdiiced  to  aeeoads  .  . 
„  ^  to  minutes  .  . 
„      „      todegnee  ■  . 

)6o  degree*  expxeeeed  in  seoooda 
13  Itoon  expreaied  in  eeoonde 
24  houn  ezpreaeed  io  seconds 

No.  whose  l^perbolio  1st 

rithffl  is  I   .....  J 
Hodalosof  eontmon  logBiitmni 

No.  of  French  metres  in  a  toise  . 
No.  of  Kngliah  yards  in  a  French 

toiae  

No.  of  EngUah  feet  in  a  nendi 

loiie  

No.  of  Engliib  yaide  in  a  Fkench 

metre  

No.  of  English  feet  in  a  Ikemlt ' 

metre  

No.  of  English  inches  in  s  French  1 

metre.  J 

No.  of  Bngliah  feet  in  aFreadt  foot 
No.  of  BngliahacMS  in  aFrenehan 
No.  of  imp.  lbs.  Tiojin aFie&ch  \ 

gramme  *.••••./ 


Number. 


3-1415927 

ri 283792 
3- 14159*7 

o'oooo04848 
o*oooooj^96 
O'0oooi4544 

o-ooo»9o888 

0017453*93 

o'oi745Z4o6 

206264-S 
343774677 

1*96000 
43»oo 
S0400 

*7i 8*8x8*9 
•434*9448* 
1*949040 
*'i3i53o8 

I^^93633I 
3**808992 

39*37079 

1-0657654 
0'0*47i  143 

0*00*68098 


LoBtsttlmi. 


COnpleiiiient 
ofLoguitlim. 


o'497H99 
1*8950899 

0-0524551 

0*4971499 
^7189986 

0*093667* 

6"-68s5749 
I5.9866049 
5*16*6961 

4*4637*61 

***4i8774 

2-  2418553 

5-  3144251 

3-  5362739 

175S1226 

6-  1126050 

4-  6354837 
4-9J6S»37 

o;434a944 

|-6377g43 

0*2898127 
0*3*86916 

0*80581*8 

0*0388716 

0-51599*9 

1*5951742 

0-0276616 
2-3928978 

34282936 


9-5028501 
10*1049101 

9'9475449 

9*50*8501 
io**8icor4 

9*90633*8 

» 5-3144*51 
15*0133951 
14*8373039 

13*536*739 

11*7581226 

11-  7581447 

46855749 
6*4637*61 
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a£OM£TBICAL  DEFIKITIONS. 


CHAP.  IL 

PLANE  AND  SOLID  GEOMETRY. 
Sbct.  l,—J)^miion8, 

1.  Geomrtry  id  that  departmaot  of  science,  by  means  of  which  we  de- 
monstrate the  properties,  affections,  and  measures  of  aU  sorts  ot  magnitude* 

2.  Magn  U'ude  is  a  term  nsed  to  denote  the  extension  of  any  thing,  and 
is  of  three  kinds ;  as  the  magnitade  of  a  ^me,  which  is  only  in  one  direc- 
tion, viz.,  hngth;  tlie  uiagnitude  of  a  mrface,  which  is  in  two  directions^ 
yi&,  Imgth  and  breadth-,  and  the  magnitade  of  a  wUd,  whicb  is  in  three 
directions,  viz.,  length,  IrcafJth  nn<\  depth. 

3.  A  point  has  no  parts  or  magnitude ;  neither  length,  breadth,  nor 
thickness,  and  serves  only  to  assign  posUian. 

4.  A  line  has  leugth  without  breadth  or  thickuess,  and  indicates  direo- 
tioii  and  dL^tauco. 

Oor,  The  extremitiee  of  a  line  are,  therefore,  points. 

5.  A  nght  Une  is  that  which  lies  evenly,  or  in  the  same  direction,  be- 
tween two  points.   A  cum  line  continually  cliangos  its  direction. 

Cor.  Hence  ihere  can  only  be  one  species  of  right  lines,  but  there  is  an 
infinite  variety  in  the  species  of  curves. 

6.  An  angle  is  the  inclination  of  two  lines  to  one  another,  meeting  in 
a  point,  called  the  angvlar  point.  \N'hcn  it  is  formed  by  two  right  lines, 
it  is  a p^one  angle,  as  A;  if  by  curve  lines,  it  is  a  curmlinecU  angle,  a*  B, 
(Fig.  1.) 

7.  A  right  angle  is  that  which  is  made  by  one  right  line  A  B  falling 
npon  ano^er  0  P,  and  making  the  angles  on  each  side  equal,  that  is, 
ABO  =  ABI):  so  that  the  line  A  B  does  not  incline  more  to  one  side 
fhmn  another :  it  is  then  said  to  be  perpendiaulaT  to  the  line  0  D.  All 
other  angles  are  called  obUngye  angles,   (fig.  2.) 

8.  An  ohtu6e  angle  is  greater  than  a  right  angle,  as  "R.    (Fig.  8.) 

9.  An  acute  angle  is  kss  than  a  right  angh'.  as  S.    (Fig.  3.) 

10.  Contiguous  or  adjacent  angles,  are  the  two  angles  formed  by  one 
line  falling  upon  anotlier.  as  R,  S.    (Fig.  3.) 

11.  Vertical  or  opposite  angles,  are  those  made  on  contrary  sides  of 
two  lines  intersecting  one  anoiher,  as  A  £  0,  B  E  B.   (Fig.  4.) 

12.  A  eur/ace  has  length  and  breadth,  but  no  thickneas,  and  shews 
extension.  The  area  of  a  figure  is  the  quantity  of  space  which  its  sur- 
face occupies. 

Cor.  The  boundaries  or  limits  of  a  snr&oe  are  lines. 

13.  A  plane  h  that  surface  which  lies  perfoctly  even  between  its  ex- 
tremes ;  or  whicli,  being  cut  by  another  plane  in  any  direction,  its  section 
would  be  a  straight  line. 
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14.  A  soMd  is  a  magnitttdd  extended  eTory  \7ay,  or  which  has  length, 
breadth,  and  depth. 

Cor.  The  boundaries  or  extremes  of  a  solid  are  surfaces. 

15.  The  square  oi  a  right  liue  ie  the  space  included  by  four  right  lines 
equal  to  it,  set  perpendicular  to  one  another. 

16.  The  rectangle  of  two  lines  is  the  space  included  by  four  lines  equal 
to  them,  set  perpendicular  to  one  another,  the  opposite  ones  being  equaL 

17.  One  right  line  is  said  to  be  parallel  to  another,  when  both  lines, 
being  extended  to  any  length,  will  never  meet^  but  always  preserve  Ihe 
same  distance  between  them. 


gsoi.  n. — 0/  Angles^  cmd  Right  JAmSy  <md  thdr  Medangks» 

Prop.  I.  If  to  any  point  0  in  a  right  line  A  B,  several  other  right 
lines  D  0,  E  G  are  drawn  on  the  same  side;  all  the  angles  formed  at  the 
point  0,  taltpn  together,  are  equal  to  two  right  angles ;  thus,  A  0  D  + 
D  CE  +  E  0  B  =  the  two  right  angles  A  C  P  +  P  OB.  (Fig.  6.) 
[Euclid,  Book  I,  Prop.  13.] 

Cbr.  1.  All  the  angles  made  about  one  point  in  a  plane,  being  taken 
together,  are  equal  to  four  right  angles. 

Cor.  2.  If  all  the  aisles  at  0,  on  one  side  of  the  line  A  B,  are  found 
to  be  equal  to  two  right  angles ;  then  A  0  B  is  a  straight  line.  (Fig.  5.) 
[EucB.L  Prop.  14.] 

II.  If  two  right  lines,  A  B,  0  D,  cut  one  another,  the  opposite  angles 
0  E  B  and  A  E  D  will  he  eqtial.    fFig.  4.)    [Euc.  B.  I.   Prop.  15.] 

TIT.  A  right  line,  B  I.  which  is  perpendicular  to  one  of  two  paraUela, 
is  perpendicular  to  the  Otlier.    (I''ig.  6.) 

IV.  If  a  right  line  C  G,  intei*8ectB  two  parallels  A  D,  F  11;  the 
alternate  angles,  ABE,  and  B  E  H,  will  be  equal.  (Fig.  6.)  [Euc.  B. 
L  Prop.  29.] 

Cor,  1.  The  two  internal  angles  D  B  E  and  B  E  H  on  the  same  side 
are  equal  to  two  right  angles.    (Fig.  6.) 

Cor,  2.  The  external  angle  C  B  D,  is  equal  to  the  internal  angle  on 
the  same  side  B  B  H.   (Fig.  6.)    [Euc  £.  I.   Prop.  28.] 

y.  Bight  lines,  parallel  to  the  same  right  line,  are  parallel  to  one 
another.    [Euc.  B.  J.    Prop.  BO.] 

VI.  If  a  right  line  A  C  be  divided  into  two  parts  A  B,  B  C;  tlia 
square  of  the  whole  liue  id  equal  to  the  squares  of  both  the  parts,  and 
twice  the  rectangle  of  the  parts;  orAC7s=AB^  +  B0*+2AB  x 
B  d  (Fig.  7.)  [Euc.  R  II.  Prop.  4.] 

Vn.  The  square  of  the  difference  of  two  lines  A  0,  B  0,  is  equal  to 
the  sum  of  their  squares,  wanting  twice  their  rectangle ;  or  A  B*  ss  A  C 
+  B  (?-2  AC  X  BC.  Or  AF+  2  AO  X  BO  =  AC»+BC» 
(Fig.  7.)    [Euc  B.  U.   Ptop.  7.] 

VIII.  The  square  of  the  sum  of  two  lines  ie  equal  to  the  sum  of  their 
squaresy  together  with  their  rectangle. 
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IX.  The  rectangle  of  the  snm  and  difference  of  two  Imea  is  equal  to 
ihc  (liiferenoe  of  their  a^tiareB. 

X.  Tbe  square  of  the  sum,  together  with  the  sqnare  of  the  difference  of 
two  linfifi,  is  equal  to  twice  the  sum  of  their  aqoares. 


Sect,  m.-^/  TriaingU$. 

DBFI2IIII01I8. 

1.  A  trimgle  is  a  plane  figure  bounded  by  tliree  right  lines,  called  thu 
«uZm  of  the  triangle. 

2.  An  equilateral  iriantgle  is  one  in  which  all  the  three  ndee  are  equal. 

3.  An  isoicdei  triangle  has  only  two  aides  equal 

4.  A  icaXene  trtcmgle  has  all  its  three  sides  unequaL 

5.  An  egwUmgulaT  tmngU  is  one  which  has  three  egiial  angles ;  and 
two  triangles  are  said  to  bo  equiangnlnTt  when  the  angles  in  the  one  are 
respectively  equal  to  those  In  the  otlier. 

0.  A  right-wangled  triangle  is  that  whicli  has  one  of  its  angles  a  right 
angle.  The  side  opposite  to  the  right  angle  is  called  ih»hjfpotihenmefmid 
the  other  two  sides  the  kgt. 

7.  An  diHgm  angled  triangle  has  all  its  angles  oblique. 

8.  An  chime  anghd  triangle  has  one  of  its  angles  ohtnee. 
0.  An  aciUe  angled  triangle  has  all  its  angles  acnte. 

10.  In  a  triangle,  the  lowest  side,  as  A  B,  is  called  the  hate,  and  the 
opposite  angle  0  the  vertex :  the  altitude  of  a  triangle  is  the  perpendicular 
height  (U  D)  from  tlie  hi»Q.,  or  its  extension  to  the  vertex.    (Fig.  8.) 

11.  Similar  triangles  are  those  whc«e  angles  or  sides  are  respectively 
equal,  each  to  each.  And  htmiologom  sides  are  those  lying  between  equal 
angles. 


PBOPOSmOHS. 


Prof.  L  In  any  triangle  A  B  C,  if  one  side  B  0  be  produced  or  drawn 
oat ;  the  external  angle  A  0  D  will  be  equal  to  the  two  internal  opposite 
angles  A  B  C  and  B  A  0.   (Kg.  9.)   [Euc  B.  I.  Prop.  82.] 

TT.  In  any  triangle,  thr  sum  of  the  three  internal  angles  is  equal  to 

two  right  angles.    [Euc.  B.  I.  Prop.  82.] 

Cor,  1.  If  two  angles  in  one  triangle  be  equal  to  two  angles  in  another: 
tlie  third  will  aUo  be  equal  to  the  third. 

Cbr.  2.  If  one  angle  of  a  triangle  be  a  right  angle,  the  sum  of  the  other 
two  will  be  equal  to  a  right  angle. 

III.  The  angles  at  the  base  of  an  isosceles  triangle,  are  equal.  [Euc. 
B.  I.  Prop.  5.] 

Oor.  I.  An  equilateral  triangle  is  also  equiangular;  and  the  contrary. 

Cor.  2.  The  line  which  is  perpendicular  to  the  base  of  an  isosceleB 

fcrianglc,  bisects  both  it  and  the  vertical  angle. 

IV.  In  any  triangle,  the  greatest  side  is  opposite  to  the  greatest  angle, 
and  the  least  to  the  least.   [Euc.  B.  1.  Prop. 
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V.  In  any  triangle  A  B  C,  the  enm  of  any  two  eidcB  B  A,  A  0,  is 
greater  than  the  third  B  C,  aad  their  difference  is  less  than  the  thiid  side. 
(Fig.  10.)    [Enc.  B.  I.  Prop.  20.] 

VI.  If  two  triangles  A  B  0,  a  5  c,  have  two  sides,  and  the  inchjded 
angle  equal  in  eacb ;  fhese  triangles,  and  their  correfipondent  parts,  shall 
be  equal.   (Fig.  11.)   [Euc  B.  L  Prop.  4.] 

y  XL  If  two  triang^  ABO  and  ah  hare  two  angles  and  an  in* 
dnded  side  equal,  eadi  to  each ;  the  remaining  parts  shall  be  equal,  and 
the  whole  triangles  equal.    (Pig.  11.)    [Euc.  B.  I.  Prop. 

VIII.  Triangles  of  equal  bases  and  beights  are  equaL  [Eac  B.  I. 
Prop.  37.] 

IX.  Triangles  of  the  same  height,  are  in  proportion  to  one  another  as 
their  bases.    [Euc.  B.  VI.  Prop.  1.] 

X.  If  a  line  D  E  be  drawn  parallel  to  one  side  B  C,  of  a  triangle ;  the 
segments  of  the  other  sides  will  be  proportional ;  that  is,  A  D  :  D  B : : 
A  £ :  E  a   (Pig.  12.)   [Eac.  B.  VI.  Prop.  2.] 

Cor.  1.  If  the  segments  be  proportional,  A  D :  D  B  : :  A  E  :  EO;  then 
the  line  D  E  is  parallel  to  the  side  B  0.    (Fig.  12.) 

Cor.  2.  If  several  lines  be  drawn  parallel  to  one  side  of  a  triangle,  all 
the  segments  will  be  proportional. 

Cor.  3.  A  line  drawn  parallel  to  any  side  of  a  triangle,  cuts  off  a 
triangle  similar  to  the  whole. 

XI.  In  similar  triangles,  the  homologous  sides  are  proportional ;  that 
is,  AB:  AO::DE:DP.   (Fig.  13.)   [Euc  B.  VI.  Ptop.  4.] 

XII.  Like  triangles  are  in  the  dnjiicate  ratio,  or  as  the  squares  of, 
their  bomologous  sides.   [Euc.  B.  VI.  Prop.  19.] 

Xm.  Li  any  triangle,  the  difierence  of  the  squares  of  the  two  legs  A  B 
and  A  0,  is  equal  to  twice  the  rectangle  contained  by  the  base  B  0,  and 
the  distance  D  O,  of  its  middle  point  from  the  perpendicular  D  A. 
(Fig.  14.^ 

XIV.  in  a  right-angled  triangle  BAG,  if  a  perpendicular  he  let  fall 
from  the  right  angle  upon  the  hypothenuse,  it  will  divide  it  into  two 
triangles,  similar  to  one  another  and  to  the  whole,  A  B  D,  A  D  C.  (Fig* 
14.)   [luc  R  VI.  Prop.  8.] 

Cor,  1.  The  rectangle  of  die  hypothenuse  and  either  segment  is  equal 
to  the  square  of  the  adjoining  side. 

XV.  The  distance  A  0  of  the  right  angle,  from  the  middle  of  the 
hypothenn?e  is  equal  to  half  the  hypothfflrase.    (Fig.  14.) 

XVI.  In  a  right-angled  triangle,  the  Bqnarc  of  the  hxrpAthpnnse  ia 
equal  to  the  sum  of  the  f?quare3  of  the  two  .sides.    [Kuc.  B.  1.  i'rop.  47.'] 

XVIL  If  the  square  of  one  j^ide  of  a  triangle  be  equal  to  the  euni  of  tlie 
squares  of  the  other  two  sides  ;  then  the  angle  comprehended  by  them  is 
a  rigbt  angle.   [Euc.  B.  L  Prop.  48.] 

XVIII.  If  an  angle  A,  of  a  triangle  B  A  0  be  bisected  by  a  right  line 
A  B,  which  cots  the  base ;  the  segments  of  the  base  will  be  proportional 
to  the  adjoining  sides  of  the  triangle;  that  is,  BD:DC::AB:AC. 
(Pig.  10.)   [Eua  R  VL  Prop.  3.] 
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XIX.  If  the  sides  be  as  the  segments  of  th&  tuue,  the  line  A  D  bisects- 
the  angle  A.    (Fig.  10.)   [Euc.  B.  VI.   Prop.  A.] 

XX.  Three  lines  drawn  from  the  three  angles  of  a  triangle  to  the 
middle  of  the  opposite  sides,  ail  meet  in  one  point. 

XXI.  Three  perpendicular  lines  erected  on.  the  middle  of  the  three 
sides  of  any  triangle,  all  meet  iii  one  point. 

XXII.  The  point  of  intersection  of  the  three  perpendicnlsni,  will  be 
equally  distant  from  the  three  angles;  or,  it  will  be  the  centre  of  the  dr- 
cumscribing  cirde. 

XXIII.  Three  perpendiculars  drawn  from  the  three  angles  of  a 
triangle,  upon  the  opposite  sides,  all  meet  in  one  point. 

XXIV.  Three  lines  bisecting  the  three  angles  of  a  triangle,  all  meet 
in  one  point. 

XXV.  If  D  be  any  p(»int  in  the  base  of  a  scalene  triangle,  ABO:  then 
i8AB^xD0  +  AG-xBD=AJU^xBC  +  BCxBX>xDa 
(Fig.  10.) 


Sect.  I V.— Quadrilaterals  and  JPo^gons, 
DHFimnoaB. 

1.  A  quadrangle  or  guadrilaUralf  is  a  plane  figure  bounded  by  four 
right  lines. 

2.  Ajporo^ct^mm  isaqpiadrangle  whose  opposite  sides  are  parallel, 
as  A  G-  B  H.  The  line  A  B  drawn  to  the  opposite  comers  is  called  the 
diameter  or  diagonal.  And  if  two  lines  be  drawn  parallel  to  the  two 
sides,  through  any  point  of  the  diagonal,  they  divide  it  into  several  others, 
and  then  0  and  D  are  called  parallelograms  about  the  diameter;  and  £ 
and  F  the  complements  ;  and  the  figure  E  D  F  a  gnomon.    (Pig".  15.) 

3.  A  reUangle  is  a  parallelogram  whose  sides  are  perpendicular  to  one 
another. 

4.  A  iquare  is  a  rectangle  of  four  ef^ual  bides  and  four  equal  smgles. 

5.  A  rhombm  is  a  jMU-allelogrMii,  whose  sides  are  equal,  and  all  its 
angles  oblique. 

6.  A  rhomboid  is  a  parallelogram  in  which  only  the  opposite  sides  are 
equal,  and  all  its  angles  oblique. 

7.  A  trapezoid  is  a  quadrangle,  having  only  two  sides  parallel,  as 

Fig.  in. 

b.  A  trap&dwn  is  a  quadrangle  that  has  no  two  sides  paralld,  as 
Fig.  17. 

9.  A  polj/gon  16  ii  ^jiane  figure  encK^ed  by  many  ri£»'ht  lines.  If  all 
the  sides  and  angles  are  equal,  it  is  called  a  regular  polygon,  and  denomi- 
nated according  to  the  number  of  sides  or  angles^  as  a  jpentagon  having 
five  sides,  a  hexagon,  having  six  sides,  a  heptagon^  having  seven  sides,  ^e. 

10.  The  diagonal  of  a  quadrangle  or  polygon  is  a  line  drawn  between 
any  two  opposite  cornel's  of  the  figure,  as  A  B.    (Fig.  15.) 
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11.  The  height  o(  a  iigare  is  a  line  drawn  from  its  vertex,  perpendicular 
to  the  base,  or  opposite  side  on  which  it  stands. 

12.  Like  or  gimHar  figures,  are  those  whose  several  angles  are  equal  to 

one  another,  and  the  sides  about  the  equal  angles  proportionaL 

13.  JBbmotogom  sides  of  two  like  figures,  are  those  between  two  angles, 
respectively  crinal. 

14.  The  perimeter  or  circmnferenoe  of  a  figure,  is  the  compass  of  it,  or 
eum  of  all  tlie  Ymm  that  enclose  it, 

16.  The  internal  angles  of  a  figure  are  those  ou  tlie  inside,  made  by  the 
lines  that  bound  the  figure,  as  A  B  C,  I)  C  B,  4^   (Mg.  18.) 

16.  The  external  mgki  of  a  figure  are  the  angles  made  by  each  side  of 
a  figure,  and  the  adjoining  side  drawn  out,  as  B  A  F,  A  E  G.   (Fig.  18.) 

PROPOSITIONS. 

Prop.  I.  In  any  parallelogram  the  opposite  sides  and  angles  are  eqnal ; 
and  the  diagonal  divides  it  into  two  equal  triunglet'.  fEue.  B.  T.  Prop.  34.] 

II.  The  diagonals  of  a  parailelogram  intersect  each  other  in  the  middlo 
point  of  both. 

m.  Any  line  B  C  passing  through  the  middle  of  the  diagonal  of  a 
parallelogram  P,  divides  the  area  into  two  equal  parts.   (Fig  19.) 

rv.  Any  right  line  B  C  drawn  through  the  middle  point  P  of  the 
diagonal  of  a  parallelogram,  is  bisected  in  that  point;  orBPsPO. 
(Kg.  19.) 

y.  In  any  parallelogram  A  G  H  B,  the  complements  E and  Fare  equal. 

(Fig.  15.)    [Euc.  B.  I.  Prop.  48.] 

YI.  Parallelograms  of  equal  bases  and  heights  are  equaL  [Euc.  B.  I. 
Prop.  36.] 

VII.  The  area  of  a  parallelogram  is  double  the  area  of  a  triangle  having 
the  same  base  and  height   [Euc.  B.  I.  Prop.  41.] 

VIIL  Parallelograms  of  the  same  height  are  to  one  another  as  their 
bases.   [Euc.  B,  VI.  Prop.  1.] 

IX.  Parallelograms  of  equal  bases  are  as  their  heights. 

X.  Parallelograms  are  to  one  another,  as  their  hnseg  and  heights. 

XT.  In  any  parallelogram  the  mm  of  the  squares  of  the  diagonals  is 
equal  to  the  snm  of  the  sijuares  of  all  the  four  sides. 

Xii.  The  sum  of  the  four  internal  angles  of  any  quadrilateral  figure,  is 
eqnal  to  fonr  right  angles. 

Xm.  If  two  angles  of  a  quadrangle  be  right  angles,  the  sum  of  the 
other  two  amounts  to  two  right  angles. 

XIV.  The  smn  of  all  the  internal  angles  of  a  polygon  is  equal  to  twice 
as  many  right  angles,  abating  fonr,  as  the  polygon  has  sides. 

Cor.  Hence  all  right-lined  figures  of  die  same  number  of  sides,  have 
the  Slim  of  all  the  internal  angles  equal. 

XV.  The  sum  of  the  external  angles  of  any  polygon  is  eqnal  to  four 
right  angles. 

Cor.  All  right-lined  figures  have  the  sum  of  their  external  angles 
equal. 
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XVI.  lu  two  fiimilar  figures  A  0,  P  R ;  if  two  linea  B  E.  Q  be 
drawn  after  a  like  maimer,  as  suppose,  to  make  the  angle  0  B  E  =  R  Q  T; 
then  these  lines  Lave  the  same  proportion  as  any  two  homologous  aides  of 
the  figure;  viz., 

B  E  :  QT  ::  BO ;  QB  ::  AB  :  PQ  ::  A  D  :  P S.   (Fig.  20.) 
XVn.  All  similar  ^gures  are  to  one  another  as  the  squares  of  their 

homologotts  sides. 

XVITI.  Any  figure  described  on  the  hypotbentiae  of  a  right-angled 
triangle,  is  equal  to  two  similar  figures  described  the  same  way  upon  the 
two  legs ;  that  is,  B  F  0  =  A  L  0  -f  A  G  B.  (Fig.  iii.)  [Ene.  K  VI. 
Prop.  81.] 

XIX.  Any  regular  figure  A  B  C  D  is  equal  to  a  triangle  whose  base 
is  the  perimeter  A  B  CD  E  A;  and  height  the  line  0  P,  drawn  from  the 
centre,  perpendicular  to  one  side.    (Pig.  22.) 

XX.  Only  three  sorts  of  r^^lar  figures  can  fill  np  a  plane  snrfaoe,  that 
is,  the  whole  space  round  an  assumed  point,  and  these  are  six  triangles, 
four  squares,  or  three  hexagons. 


Sbct.  V.    Ofihe  CSrcfo,  and  Inscribed  mid  Gircurmcnbed  Mgures. 

DEFINITIONS. 

1.  A  circle  is  a  plane  figure  described  by  a  right  line  moying  about  a 

fixed  point,  as  A  0  about  0 :  or  it  is  a  figure  bounded  by  a  curved  line, 

every  part  of  wliich  is  equidistant  from  a  fixod  point.    (Fig.  23.) 

2.  The  centre  of  a  drcie  is  the  fixed  point  about  which  the  line  moves, 
asO.   (Fig.  23.) 

3.  The  radiut  is  the  line  that  describes  the  circle,  as  0  A  (Fig.  23.) 
Cor,  All  the  radii  of  a  circle  are  equal. 

4u  The  eireum/ermee  is  the  line  described  by  <he  extreme  end  of  the 
movii^  line,  as  A  B  DE  A   (Fig.  28.) 

r).  The  diameter  is  a  line  drawn  through  the  centre,  firom  one  side  to  the 
other,  as  A  D.   (Pig.  28.) 

6.  A  semicircle  is  half  the  circle,  cut  off  by  the  diameter,  as  A  B  D. 

7.  A  quadrant,  or  quarter  of  a  circle,  is  the  part  between  two  radii  per- 
pendicular  to  one  another,  ae?  C  B  E.    (Fig.  23.) 

8.  An  arc  iaany  part  of  the  circumlereuce,  as  A  B.    (Fig.  24.) 

9.  A  tector  is  a  part  bounded  by  two  ra<.lii,  and  the  arc  between  them, 
as  A  OB.  (Kg.24.) 

10.  A  chord  is  a  right  line  drawn  through  the  circle,  as  D  P. 

11.  A  segment  is  a  part  cut  off  hy  aright  line,  or  diord,  as  DEF  or 
DABF.   (Fig.  24.) 

12.  Angle  at  the  c^nire  is  that  whose  angular  point  is  at  the  centre 

ACE.    (Fig.  24.) 

13.  Angk  at  tJie  circumference  is  when  the  angular  point  is  in  tbc  <ar- 
cumference,  as  B  A  D,  or  B  0  D.    (Fig.  2d.) 
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14.  Angle  in  a  segment,  is  the  angle  madft  by  two  liuoB  drawn  from 
some  point  of  the  arc  of  that  segment  to  tlie  endfl  of  the  base  •  as  B  0  D 
is  an  angle  in  the  aegment  BOD.    (Fig.  25.) 

15.  Asiigle  upon  a  segment  is  the  angle  made  in  the  opposite  segment, 
whose  sides  stand  upon  the  base  of  the  first ;  as  B  A  which  stands  npon 
the  segment  BOD.    (Fig.  25.) 

16.  A  tangent  is  a  line  touching  a  circle,  which,  produced,  does  not  cut 
it,  as  G  A  F.    (Fig.  23.) 

17.  (  ircles  are  said  to  tonch  one  aoother,  which  meet,  but  do  not  cut 
one  another. 

18.  Siviilar  arcs,  or  similar  sectors,  are  those  bounded  by  radii  that 
make  the  same  angle. 

19.  SimUar  segments  are  those  which  contain  similar  triangles,  alike 
placed. 

20.  A  figure  is  said  to  be  inscribed  ifi  a  cirdSf  or  a  circle  evroumsanbed 
about  a  ji^va^  when  all  the  angular  points  of  the  figure  are  in  the  circum- 
ference of  the  drcle.   (f^*  26.) 

21.  A  circle  is  said  to  be  imcribed  in  a  Jiffure,  or  a  (isxnro  cir(  urnscnb''d 
about  a  circle,  when  tlie  circle  toticlics  all  the  sides  of  the  %ure.  (Fig.  27.) 

22.  One  figure  is  inscribed  in  another,  wlieu  all  the  angles  of  the  in- 
scribed ligure  aie  in  the  aides  of  the  other.    (Fig.  28.) 

PROPOSITIONS. 

PfiOP.  I.  The  radius  C  R,  bisects  any  chord  at  right  angles,  which  does 
not  pass  through  the  centre,  as  A  B.    (Pig.  29.)    [Euc.  B.  III.  Prop.  3.] 

Cor,  1.  If  a  line  bisects  a  chord  at  right  angles,  it  passes  through  the 
centre  of  the  circle. 

Cor^  2.  The  radius  that  bisects  the  chord  also  bisects  the  arc 

n.  In  a  circle  equal  chords  are  equally  distant  from  the  centre.  p3uc 
B.  m.  Prop.  14  ] 

IIL  If  several  lines  he  drawn  through  a  circle,  the  greatest  is  the 
diameter,  and  fhose  that  are  uoarcst  the  centre  are  greater  than  those  that 
are  farther  o£   [Euc.  B.  III.  Prop.  15.] 

IV.  If  from  any  point  three  equal  ric^ht  lines  can  be  drawn  to  the  cir- 
cumference, that  point  is  the  centre.    [Euc.  B.  III.  Prop.  9.J 

Y.  No  circle  can  cut  another  in  more  than  two  points.  [Euc  B.  IIL 
Prop.  10.] 

VL  There  can  he  only  two  equal  lines  drawn  from  any  exterior  point, 
to  the  drcumferenoe  of  a  circle. 

VII.  In  any  circle,  if  several  radii  he  drawn  making  equal  angles,  the 
area  and  sectors  comprehended  thereby  will  be  equal ;  that  is,  if  HSib  angle 
A  C  B  =  BC  D,  then,  the  arc  A  B  =  BD,  and  the  sector  AOB  as  B  OB. 
(Fig.  30.)    [Euc  B.  IIL  Prop.  26.] 

VIII.  In  the  same  or  eqnftl  circlcfi,  the  .ircB.  and  also  the  sectors,  are 
proportional  to  the  angles  intercepted  hy  the  radii. 

IX.  The  circumferences  of  circles  arc  to  one  another  as  their  diameters. 
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X.  A  right  line,  perpendicular  to  the  diameter  of  a  circle,  at  the  ex- 
treme pointy  touches  tihe  drde  m  that  poiiit^  and  lies  wholly  without  the 
circle ;  or  is  a  tangent  to  the  circle. 

XI.  If  two  drcles  touch  one  another,  either  inwardly  or  outwardly,  the 
line  pOBBing  tlir<n]i>]i  tlioir  centres  shall  alao  puB  through  the  point  of 
contact.    [Buc  R  III.  Prop,  11  and  12.] 

XTT.  In  a  circle  the  angle  at  the  centre  is  double  the  angle  at  the  cir- 
cumference, standing  upon  the  same  arc ;  or  £  JJ  0  s  2  B  AC.  (Fig.  31.) 
[Euc.  B.  in.  Prop.  20.] 

XIII.  All  angles  in  the  same  Bcguicnt  of  a  circle  are  ec^ual,  as  D  A  C 
=  DBO,andDGC«DHO.    (Fig.  82.)   [Enc  B.  IH.  Prop.  21.] 
-  XIV.  If  two  right  lines  D  0,  A  B»  be  drawn  from  the  extremities  of 
two  equal  arcs  I>  A,  B  C,  ihey  will  be  parallel.  (Fig.  82.) 

XV.  The  angle  ABC  in  a  semicircle  is  a  ri^t  angle.  (Fig.  88.)  [Enc 
B.  III.  Prop.  81.] 

XVI.  The  angle  PUG,  in  a  greater  segment  F  A  B C G,  is  less  than  a 
right  angle ;  and  the  aagle  D  BE,  in  a  less  segment  D B E,  is  greater 
than  a  right  angle.    (Fig.  33.)    [Euc.  B.  III.  Prop.  31.] 

XVII.  If  two  lines  cutting  a  circle,  intereect  one  another  in  A ;  and 
there  be  made  at  the  cenire,  ECFs  Z.BAD;  then  the  arc  B  D  -f- 
GHs2EF,  if  A  is  within  the  circle;  or  the  arc  BD— GH  =  2EF, 
if  A  is  without    (Fig,  34.) 

XVm.  If  from  a  point  without,  two  lines,  A  B,  A  D  lie  drawn  to  cut  a 
circle  ;  the  angle  made  by  them  is  equal  to  the  aiigh^  at  tlie  c«^ntre,  standing 
on  half  the  difference  of  the  two  arcs  of  the  circumference  GH,  BD. 
(Fig.  34.) 

XIX.  The  angle  A  =  ^BHD  +  HDG,  when  A  is  within;  or  A  = 
B  H  I>  ~  H  I)  G,  when  A  is  without  the  circle.   (Fig.  84.) 

XX.  In  a  Girdle,  the  angle  made  at  the  point  of  contact  between  the 
tangoit  and  any  chord,  is  equal  to  the  angle  in  the  alternate  or  opposite 
segment;  ECF»£BC,andEC  As  EGO.  (Fig.  35.)  [EucB.III. 
Prop.  32.] 

XXL  A  tangent  to  the  middle  point  of  an  arc,  is  parallel  to  the  chord 

of  it. 

XXTI.  If  frnin  any  jioiiit  B  in  a  semicireJe,  a  perpendicular  B  1)  be  let 
fail  upon  the  aiameter,  it  will  be  a  mean  proportional  between  the  Q&g- 
ments  of  the  diameter;  thatis,AD:DB::I)B:DO.  (Fig  36.)  [Euc. 
B.  VI.  Prop.  13.] 

XXIII.  The  chord  is  a  mean  proportional  between  the  adjoining  seg- 
ment and  the  diameter,  from  the  similarity  of  the  triangles :  that  is,  A  D  : 
AB::  AB  :AO;  andOD  :  OB  ::CB  :  0  A.   (Fig.  86.) 

XXIV.  In  a  circle,  if  the  diameter  AD  be  drawn,  and  from  the  ends  of 
the  chords  AB,  AC,  perpendiculars  be  dra\^Ti  upon  the  diunietcr  ;  the 
squares  of  the  chords  will  be  as  the  segments  of  the  diameter;  that  is, 
AE  :  AF  ::  AB':  AC*.    (Fig.  37.) 

XXV.  If  two  cirdos  touch  one  another  in  P,  and  the  line  P  D  G  be 
drawn  through  their  centres ;  and  any  line  P  A  B  is  drawn  through  that 
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point  to  cut  the  circles,  that  line  will  be  divided  in  proportion  to  the 
diameters;  that  is,  P  A  :  P  B    P  D  :  PE.    (Pig.  88.) 

XXVL  If  tluroogh  any  point  F  in  the  diameter  of  a  circle,  any  chord, 
C  F  D  be  drawn,  the  rectangle  of  the  segments  of  the  chord  is  equal  to 
the  rectangle  of  the  segments  of  the  diameter ;  OFxFDssAFx 
PBssalfloGFxFE.   (Pig.  39.)   [Euc.  B.  IIL  Ptop.  85.] 

XXYIL  If  through  any  point  F  out  of  the  drde  in  the  diameter  B  A 
prodm  cu],  any  line  F  0  B  be  drawn  throngh  the  circle :  the  rectangle  of 
the  whole  line  and  the  external  part  is  eqnal  to  the  rectangle  of  the  whole 
line  pnssing  through  the  centre,  and  the  external  part;  D  F  X  F  0  = 
A  F  X  F  B  =  also  F  E  X  F  a.    (Fig.  40.) 

XXVIII.  Let  H  F  be  a  tangent  at  H;  then  the  rectangle  C  P  x  F  D 
=  square  of  tlie  tangent  F  TI.    (Fi,u'.  40.)    [Euc.  B.  IIL  Prop.  36.] 

XX LX.  If  from  the  same  point  F,  two  tangents  bo  drawn  to  the  cirdei 
they  will  be  equal ;  that  is,  F  H  =  F  L    (Fig.  40.) 

XXX.  If  a  line  P  F  0  be  (imwn perpendicular  to  the  diameter  A  D  of 
a  circle;  and  any  line  drawn  from  A  to  cut  the  circle  and  the  perpen- 
dicular; then  the  rectangle  of  the  distaDces  of  the  sections  from  A,  will 
be  equal  to  the  rectangle  of  the  diameter  and  the  distance  of  the  perpen- 
dicular from  A;  that  is,  A  B  X  A  0  =  A  P  X  A  D.   (Fig.  41.) 

Also,ABx  AO^AE'.   (fig.  41.) 

XXXI.  In  a  circle  E  D  F  whose  centre  is  0,  and  radius  C  E,  if  the 
points  B,  A,  he  so  placed  in  the  diameter  produced,  that  C  B,  C  E,  OA 
be  in  continual  proportion,  then  two  lines  B  D,  A  D  drawn  from  these 

points  to  any  point  in  the  circnrnfereiice  of  the  circle  will  always  be  in 
the  given  ratio  of  B  E  to  A  E.   (Fig.  42.) 

XXXII.  In  a  circle,  if  a  perpendicular  D  B  be  let  fall  from  any  point 
D,  upon  the  diameter  0  I,  and  the  tanj^^ent  D  0  drawn  from  D,  then 
A  B,  A  0,  A  0,  will  be  in  continual  proportion.    {Fiy;.  43.) 

XXXIII.  If  a  triangle  B  J)  F  be  inscribed  iu  u  circle,  and  a  pi  jpeu- 
dicular  D  P  let  fail  from  X)  on  the  opposite  side  B  F,  and  the  diameter 
D  A  drawn ;  then,  as  the  perpendicular  is  to  one  aide  including  the  angle 
D,  so  is  the  other  side  to  the  diameter  of  the  circle;  that  is,  D  P  :  D  B : : 
DF:DA.   (Pig.  44.) 

XXXIV.  The  rectangle  of  any  two  sides  of  an  inscribed  triangle  is 
equal  to  the  rectangle  of  the  diameter,  and  the  perpendicular  on  the  third 
side;  that  is,  B  D  X  D  F  =  A  ]>  X  B  P.   (Pig.  44.) 

XXXV.  If  a  triangle  B  A  0  be  inscribed  in  a  circle,  and  the  angle  A 
bisected  by  the  right  line  A  E  B,  then  as  one  side  is  to  the  segment  of 
the  bisecting  line  within  the  triangle,  eo  is  the  whole  bisecting  line  to 
the  other  side;  that  is,  A  B  :  A  E : :  A  D  :  A  C;  and  A  B  x  A  0  = 
BE.EC  +  AF.    (Fig.  45.) 

XXXVI.  If  a  quadrilateral  x\  B  0  D  be  inscribed  in  a  circle,  the  sum 
of  two  opposite  angles  is  equal  to  two  right  angles ;  that  is,  A  D  C  + 
A  B  C  =  two  right  angles.    (Hg.  4G.)    [Euc  K  IIL  Prop.  22.] 
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XXXVIL  If  a  quadnnigle  be  inscribed  iii  a  circle,  ihe  rectangle  of  the 
diagonals  is  equal  to  the  sum  of  the  rectangles  of  the  opposite  sides;  or 
OA  X  BD=CBxDA  +  CDx  AB.   (P^g.  46.) 

XXXVIII.  A  circle  is  equal  to  a  triangle  whose  base  is  the  circum- 
ference of  the  circle  ;  and  hcig:ht,  its  rftdine. 

XXXIX.  Tlie  area  of  a  circle  is  equal  to  the  rectangle  of  half  the  cir- 
cumference and  half  the  diameter. 

XL.  Circles  (that  m,  their  areas)  are  to  one  another  m  the  e^iuares  of 
their  diameters,  or  as  the  squares  of  the  radii,  or  as  the  squares  of  the 
circranferenoes.   [Eac  R  XII.  Prop.  2.] 

XLI.  Similar  polygons  inscribed  in  circles,  are  to  one  another  as  the 
circles  M^icrein  they  ars  mscribed. 

XLlI.  A  circle  if  to  my  circurascrihcd  rectilineal  figure,  as  the  circle's 
periplicry  to  the  periphery  of  the  fi.^tjre. 

XLIII.  If  an  er^uilateral  triangle  ABC  be  inscrlliod  in  a  circle:  the 
sqiiare  of  the  side  thereof  is  equal  to  three  times  the  stiuare  of  the  radius; 
thatis,  AB^^SAD*.  (Fig,  47.) 

XLIY.  If  from  any  point  D  in  the  circumference  of  a  circle,  having 
inscribed  in  it  an  eqnilateTal  triangle,  chords  be  drawn  to  the  three  angles 
A,  B,  C;  the  longest  cLord  A  B,  is  eqnal  to  the  sum  of  the  two  lesser 
chords,  B  D  and  0  JD.  {Fig.  48.) 

XLY.  A  square  inscribed  in  a  corde,  is  equal  to  twice  the  square  of 
the  radias. 

XL VI.  The  side  of  a  regular  hexagon,  inscribed  in  a  circle,  is  equal  to 
the  radius  of  the  circle. 

XL  VII.  If  two  chords  in  a  circle  mutually  intersect  at  right  angles, 
the  sum  of  the  squares  of  the  segments  of  tiie  chords  is  equal  to  the 
Bcjuaro  of  the  diameter  of  the  drde;  that  is,  AP*  +  PB'  +  PC  + 
PD*  =  diam.«   (Kg.  49.) 

XL VIII.  If  the  diameter  P  Q  be  divided  into  two  parts  at  any  point 
il,  and  if  R  S  be  dra^ni  pcrpciidiciikr  to  P  Q  ;  also  1\  T  applied  equal  to 
the  radius,  and  T  K  prodnc&i  to  the  circumference  at  V :  then, 

BT  =  £2  +  ^;  orBTiBtheaniOi»»««MJ(rfmean,      "Ihetween  the 

^  two  scqTnents 

of  ih('.  diame- 
ter TK,  Q  R 
(Fig.  no.) 

XLIX.  If  the  arcs  P  Q.  Q  "R,  R  S,  &c.,  be  equal,  and  there  be  drawn 
Ae  chords  P  Q,  P  K,  P  S,  &c.,  then  it  wiU  be  P  Q  :  P  R  : :  P  R  :  P  Q 
+  P8::PS:PR  +  PTi:PT:PS-|-PV,&c.   (Fig.  51.) 

L.  IfthearcsPQ,  QR,BS,  Ac,  be  equal,  the  angles  QPB,  BPS, 
S  P  T,  (fee.,  will  be  equal ;  or  in  equal  cirdee,  equal  angles  stand  upon 
equal  arcs,  whether  they  he  at  the  centres  or  drcumferences.  (Fig.  61.) 
[Euc.  B.  III.  Prop.  26.] 

LT.  The  centre  of  a  circle  being  0,  and  P  a  point  in  the  radius,  or  in 
the  radius  produced;  if  the  circuioference  be  divided  into  as  many  equal 


E  S  ss<s/  PR  X  liQ;  or  ES  is  the  ^eome^rico^  mean, 
R  V  =  ^  p  R  ^  R  Q~  *  or  R  V  is  the  harmonicdl  m&sxk, 
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parts  A  B,  B  C,  0  B,  <feo.,  as  there  are  units  in  2  n»  and  lines  be  drawn 
from  P  to  all  the  points  of  division ;  then  ebal]  the  continual  product  of 
all  the  alternate  lines,  viz.,  PAxFCxPEi  &c.,  be  =  —  «•  when 
P  is  within  the  circle,  or  =  .r  —  r«  when  P  is  without  tlie  circle;  and  the 
product  of  the  rest  of  the  lines,  viz.,  P  B  x  P  1>  x  P  F,  d^c.  =  + 
a"  :  where  r  =s  A  0  the  radlus,  and  as  =  0  P  the  distance  of  P  ironi  the 
centre,    (i^'ig-  ^J^.) 


Sect.  YL^OfPlmes  md  SoUds, 

UKfTNlTIONS. 

1 .  The  romm^n  section  of  two  planes,  is  the  line  in  which  they  meet, 
or  cut  each  other. 

2.  A  Unc  is  perpendieular  to  a  plane,  when  it  is  pcrpendiciilarto  every 
line  in  that  plane  which  meets  it 

3.  One  plane  w  jperpendusukir  to  another,  when  every  line  of  the  one, 
which  is  perpendicnlar  to  the  line  of  their  common  section,  is  perpen- 
dicular to  the  other. 

4.  The  inclination  of  one  plane  to  another,  or  the  angle  they  form  be- 
tween thom.  is  the  angle  contained  by  two  lines,  drawn  from  any  point 
in  tlie  common  section,  and  at  right  angles  to  the  same,  one  of  these  lines 
in  each  phuio. 

5.  Farallel  Flane&  arc  such  as  being  produced  ever  so  far  in  any  direc- 
tion, will  never  meet,  or  which  are  everywhere  at  an  equal  perpendicular 
distance. 

6.  A  «Md  angle  is  that  which  is  made  by  three  or  more  plane  angles, 

meeting  each  other  in  the  same  point. 

7.  SimiUst  wUdif  contained  hy  plane  figures,  are  such  as  have  all  their 
solid  MTiglcs  equal,  each  to  each,  and  are  bounded  by  the  same  number  of 

similar  planes,  alike  placed. 

8.  Ajjris/n  is  a  solid  whose  ends  are  parallel,  equal,  and  like  plane 
figures,  and  its  sides,  connecting  those  ends,  are  parallelograms.  {Fig» 
53  and  54.) 

9.  A  prism  takes  particular  names  according  to  the  figure  of  its  base 
or  ends,  whether  triangular,  square,  rectangular,  pentagonal,  hexa- 
gonal, &c 

10.  A  rigTU  or  wpr^hi  primHf  is  that  which  has  the  plan^  of  the  sides 
perpendicular  to  the  planes  of  the  ends  or  base.    (Fig.  53.)    "When  such 

is  not  the  case  it  is  called  an  oblique  prism.    (Fig.  54.) 

11.  A  parallelopij^ed,  or  paralle/opipedon,  is  a  prism  bounded  by  six 
parallelograms,  every  opposite  two  of  which  are  equal,  alike,  and  paralleL 
(Fig  55.) 

12.  A  reetangtihir  jparallelopipedon  is  that  whose  bounding  planes  are 
all  rectangles,  which  are  perpendicular  to  each  other.   (Fig.  56.) 

13.  A  cube  is  a  square  prism,  being  bounded  by  six  equal  square  sides 
or  faces,  which  are  perpendicular  to  each  other.    (Fig.  57.) 
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14.  A  e^Hnder  is  a  round  prism  having  drcles  for  its  emh :  and  is 

conceived  to  be  formed  "by  the  rotation  of  a  right  line  about  tlic  circum- 
ferences of  two  equal  aad  parallel  circles,  alvmys  parallel  to  the  axis. 

(Fig.  58.) 

15.  The  axis  of  a  cylinder,  is  the  right  line  A  li  joining  the  centres  of 
the  two  parallel  drcles,  about  w)iich  the  figure  is  described. 

16.  A  pyramid  is  a  solid  whose  base  is  any  right>Iined  plane  figure, 
and  its  ddee  triangles,  having  all  their  vertices  meeting  togeth^  in  a 
point  above  the  base,  called  the  vertex  of  the  pyramid.   (Fig.  69.) 

17.  Pyramids,  like  prisms,  take  particular  names  from  the  figure  of 
their  base. 

18.  A  cone  \a  a  round  pyramid  having  a  cimilar  base,  and  is  conceived 
to  bo  generated  by  the  ruUtioii  of  ti  riglir  lim!  ubant  the  circumference  of 
a  circle^  one  end  of  which  is  fixed  at  a  point  above  the  plane  of  that  circle. 
(Fig.  60.) 

19.  The  aseit  of  a  cone  is  the  right  line,  A  B,  joining  the  vertex,  or 
fixed  point,  and  the  centre  of  the  circle  about  whidi  the  figure  is  de- 

scribed. 

20.  When  the  axis  of  a  cone  or  pyramid  is  perpendicular  to  the  base, 

it  is  called  a  r  iglit  cone  or  pyramid :  but  if  inclined  it  is  called  ohUqne. 

21 .  Similar  cones  and  cylinders,  arc  such  aa  have  their  altitudes  and 
the  diaineters  of  their  bases  proportional. 

Ji2.  A  ij^Mre  is  a  solid  bounded  by  one  curve  surface,  which  is  every- 
where equallj  distant  from  a  certain  point  within,  called  the  centre.  It 
is  conodved  to  be  generated  by  the  rotation  of  a  semi-circle  about  its 
diameter,  which  remains  fixed.    (Fig.  61.) 

28.  The  qikU  of  a  sphere  is  the  right  line  about  which  the  semi-cirde 
revolves,  and  the  centre  is  the  same  as  that  of  the  revolving  semi-circle. 

24.  The  diameter  of  a  f>p1iore  ig  any  right  line  passing  through  the 
centre,  and  termiviated  both  \vay.s  by  the  surface. 

25.  The  altitude  of  a  flolid  is  the  perpendicular  drawn  from  the  vertex 
to  the  opposite  side  or  base. 

PBOF06ITI0N8. 

Peop.  I.  li  any  prism  be  cut  by  a  plane  parallel  to  its  base,  the  secdon 
will  be  e(;[ual  and  like  to  the  baae. 

n.  If  a  cylinder  be  cut  by  a  plane  parallel  to  its  base,  the  section  will 
be  a  drde,  equal  to  the  base. 

m.  All  prisms  and  (flinders,  of  equal  bases  and  altitudes,  are  equal  to 
each  other.    [Euc  B.  xi.  Prop.  31.] 

IV.  Rectangular  parallelopipcdom,  of  equal  altitudes,  are  to  each  other 
as  their  bases.    [Euc.  B.  XI.  Prop.  32.] 

V.  Rectangular  parallelopipedons,  of  equal  baaes,  are  to  each  other  as 
their  altitudes. 

VL  Because  prisms  and  cylinders  are  as  their  altitudes,  when  thdr 
bases  are  equal :  and,  as  their  bases  when  their  altitudes  are  equal  There- 
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fore,  tmiveinaUy,  when  neither  are  equal,  tiey  arc  to  one  anotber  aa  the 
product  of  tlif if  bases  md  altitudes :  hence,  also,  these  prodncts  ate  the 
proper  numeral  measures  of  tlieir  quantities  or  ma<:fTiitudes. 

VII,  Similar  prisms  aiul  cyliudcrH  are  to  each  othe.v  as  the  cubes  of 
their  altitudes,  or  of  any  like  linear  dimensions.    [Euc.  B.  XI.,  Prop.  33.] 

Vm.  In  any  pyramid  a  section  parallel  to  the  h&se  is  similar  to  the 
base ;  and  these  two  planea  are  to  each  other  as  the  squares  of  their  dis* 
tancea  from  the  vertex. 

IX.  In  a  right  cone,  any  section  parallel  to  the  base  is  a  circle ;  and 
this  section  is  to  the  base  as  the  squares  of  their  distances  from  the  vertex. 

X.  All  pyramids  and  conea  of  equal  haaes  and  altitudes  are  eqoal  to  one 
another. 

XI.  Every  pyramid  is  the  third  part  of  a  prism  of  the  same  base  and 
altitude.    [Euc.^  B.  XII.,  Proj).  10.] 

XIL  If  a  sphere  be  cut  by  a  plane,  the  section  will  be  a  circle. 

Xm.  Eveiy  sphere  is  two-thirds  of  its  circumscrilnng  cylinder. 

XrV.  A  oone,  hemisphere,  and  cylinder  of  the  same  base  and  altitude 
are  to  each  other  as  the  nnmbers  1,  2,  8.   [Euc.  B.  XII.,  Prop.  10.] 

XV.  AH  spheres  are  to  each  other  as  the  cubes  of  their  diameters ;  all 
these  being  like  parts  of  their  circumscribing  cylinders.  [Euc  B.  XII., 
Prop.  18.] 

XVL  There  are  only  three  sorts  of  regular  plane  fiprures  which  can  be 
joined  together,  so  as  to  form  a  solid  angle;  viz.,  three,  four,  or  five 
triangh&f  three  squares,  three  pejt,tc^ons :  thus  giving  five  different 
species  of  solid  angles,  which  are  those  of  the  five  reffular  or  Platonic 
hodie$;  viz.: — 

1.  The  tatraedon,  (Fig.  62,)  hounded  by  four  equHateraZ  trianglet, 

each  solid  angle  of  which  is  formed  by  three  trianglet. 

2.  The  hexaedron,  or  c«£e,  (Fig.  57,)  contained  by  six  aquaret,  each 

solid  anc^le  of  which  is  formed  by  three  squares. 
8.  The  octacdron,  (Fig.  03.)  bounded  by  eight  iriangleSf  each  solid 

angle  of  which  is  formed  by  four  triangles. 
4c  The  dodeettedrm,  (Fig.  64c,)  bounded  by  twelve  pentagons,  eajch 

solid  angle  of -which  is  formed  by  ikreepenta^cnt. 
5,  The  ieoiaedron,  (Fig.  65,)  hounded    twenty  triangles,  each  solid 
angle  of  which  is  formed  by  five  iriangUs, 
XVn.  Only  one  sort  of  the  foregoing  five  regular  bodies,  joined  at 
their  angles,  can  completely  fill  a  solid  space,  without  leaving  any  vacuity ; 
viz.,  eight  hezaedrons,  or  cubes. 

XVIII.  A  sphere  is  to  any  circumscribing  solid  B  F,  (all  whose  planes 
touch  the  sphere,)  as  the  surface  of  the  sphere  to  the  surface  of  the  solid. 
(Fig.  66.) 

XIX.  All  bodiea  cifcumscribing  the  same  sphere,  are  to  one  another 
as  thdr  aurfiaces. 

XX.  The  sphere  is  the  greatest  or  most  capadous  of  all  bodies  of  equal 
aur&oe. 

o 
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Sbci.  WJL^PracHeal  Chometry, 

It  is  not  intexided  in  tius  place  to  present  a  complete  collection  of 
Geometrical  Frobleinfl»  Imt  ^merely  a  selection  of  the  most  nsefol,  eq;ie- 
cially  in  reference  to  the  onployments  of  Mecbaoics  and  Engineers. 

The  instrnments  for  (he  pnrposes  of  geometrical  construction,  are  too 
well  known  to  require  any  description  here  ;  and  their  use  is  much  eatiier 
leMTBed  by  an  examiaatioa  of  the  inetruments  themselves,  than  by  any 
written  explanation. 

PnoB.  I.  IVom  a  ffivm  point  Bin  a  ghen,  gtraight  Une  A  0,  to  dram  a 
UneperpendieuUur  to  the  tome* 

From  B  as  a  centre,  with  any  radios  describe  arcs  cutting  AC  in  a  and 
c,  then  from  a  and  c  with  any  larger  radius  describe  arcs  cutting  each 
other  in  d  and  e;  then  the  straight  line  d  Be  wfll  be  perpendicular  to 
A  C.    (Fig.  67.) 

pROB.  II.  To  erect  a  'perpeyidimJar  at  the  fvd  of  a  given  line. 

With  any  radius,  and  from  a  point  somewhere  above  A  B,  describe  a 
semiciroQlar  arc  passing  through  the  point  B»  at  which  the  perpendicokr 
is  to  be  erected,  and  also  cutting  A  B  in 0;  then,  through  C  andthecmtre 
of  the  arc  produce  the  right  line  C  D,  catting  the  arc  in  D,  and  a  line 
joining  D  and  B  will  be  the  perpendicular  required.    (Fig.  66.) 

FkoB.  III.  To  himt  any  given  mgU  A  0  B. 

Prom  C  as  a  centre,  with  any  raditis,  describe  an  arc  cntting  the  sides 
in  D  and  hi ;  then  from  D  and  E,  as  centres  with  the  same  radius,  describe 
arcs  cutting  each  otlier  in  F ;  then  the  straight  line  joining  C  and  Jj'  will 
bisect  the  angle  A  0  B.    (Fig.  69.) 

PnoB.  rV.  To  hiteet  agiven  cmgU  BAP;  ihen  to  bisect  itt  half;  and 
so  on. 

Through  any  point  B  draw  B  E  parallel  to  AP,  and  upon  B  E  set  off 
the  distance  BO  equal  to  B  A;  then  join  A  0,  and  it  will  bisect  the  angle 
BAP. 

Again,  set  off,  upon  BE.  from  0,  CD=OA;  join  AD,  and  it  will 
bisect  0  A  P,  or  quadrisect  BAP. 

Again,  set  off,  upon  BE,  D  E  sas  1) A ;  join E A;  and  E  A P  will  be  | 
of  B  A  P  :  and  so  on.    (Pig.  70.) 

Pbob.  y.  Ata  given  point  A  in  a  given  Une  AB,  to  mahe  an  angle 
egwd  to  a  given  angle  0. 

From  the  centres  A  and  0,  with  the  same  radius,  describe  tiie  arcs 
D  E,  F  G.  Then,  with  radius  D  E,  and  centre  P,  describe  an  arc,  cutting 
F  a  in  G.  Through  G  draw  the  line  A  G ;  and  it  will  form  the  angle 
required.    (Fig.  71.) 

•    I*KOB.  VI.  To  divide  am/  given  angle  ABC  into  three  eqiud  parts. 

Prom  B,  with  any  radius,  describe  tlie  circle  A  C  13  A.  Bisect  the 
angle  A  B  0  by  BE,  and  produce  A  B  to  D,  On  the  edge  of  a  ruler  mark 
<^  the  length  of  the  radius  A  B.   Lay  the  ruler  on  D,  and  moye  it  till 
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one  of  the  markB  on  the  edg«  intersects  B     and  the  other  the  arc  A  0  in 
G.    Set  off  the  distance  OG-  from  G  to  F :  and  draw  the  lines  BF,  and 
BG,  they  will  trlsoc*  il:.  mgle  A  E  C.    (Fig.  72.) 
i^oB.  Vn.  To  dioide  a  given  line  A  B  tn^o  any  pr&poied  mmber  of 

equal  parti. 

Ist  Method.  Draw  any  other  line  A  C,  iorniiiig  any  angle  witli  the  given 
line  A  B ;  on  wMdi  set  oft  as  many  of  any  eq^ual  parts,  A  P  E  F, 
FG,  asthe  line  A  B  is  to  be  divided  into.  Join  BC;  parallel  to  which 
draw  the  other  lines  F  G,  EH,  DI:  then  these  will  divide  A  B  in  the 
manner  required.   (Fig.  73.) 

2n(i  Me^odf  without  drawing  {wraild  lines.  Let  A  B  he  the  line 
which  Ls  to  be  di\ncled  into  n  eqnal  parts.  Through  one  extremity  A 
draw  any  ri^^ht  line  A  D,  upon  wliieh  set  off  w  1  eqaal  parta,  the 
poiut  D  heiug  at  the  termination  of  the  (n  -f  l)th  part.  Join  D  B 
and  produce  it  until  the  p»>longation  B  E  =  B  D.  Let  F  he  the 
termination  of  the  (n  —  l)th  part  Join  F  E,  and  the  right  line  of 
junction  will  eat  Ihe  given  line  A  B  in  the  x>o^t  P,  sa<^  that 

Ui'  —  -  A  B ;  and  of  couise  n  distauces  each  equal  to  B  P  set  off 
n 

upon  B  A,  will  divide  it,  as  required  *.    (Fig.  74.) 

Pkor.  VTII.  To  cut  off  from  a  givm  line  A  su^poted  to  he  very 
short,  antf  proporti4m(jd  ]^a^L 

Suppose,  for  example,  it  were  required  to  find  the  -jij,  of 
the  line  A B,  fig.  75.  From  the  ends  Aand  B  draw  AD,  B 0,  perpen- 
dicular to  A  B,  and  divide  AD  into  twelve  equal  part.« ;  thou  tlu  ough 
these  divisions  1, 2,  S,  &c.,  draw  lines  1/,  2^,  &c.,  parallel  to  AB.  Draw 
the  diagonal  A  Q,  and  1  d  will  Le  the  of  A  B ;  2  c,  and  so  on.  The 
sasne  method  is  applicable  to  any  other  part  of  a  given  line. 

pROB.  IX.  To  make  a  diagonal  seeder  my^  of  feet,  inchet,  and  tenths  of 
an  inch. 

Draw  an  indefinite  line  A  B,  on  which  set  off  from  A  to  B  the  given 
length  for  one  foot,  any  reqtdred  nnmher  of  times;  and  from  these  divi« 
sions  A,0,H,  BjdrawAD,  OE,  &c,  perpendicular  to  A  B.   On  A  D  and 

BF  set  off  any  length  ten  times,  and  through  these  divisions  draw  lines 
parallel  to  A  B  ;  then  divide  A  C  arul  D  E  into  twelve  equal  parts,  each 
of  which  will  he  one  inch.  Draw  the  lines  A  1 ,  «7  2,  <%c.,  and  they  will  form 
the  scale  required;  viz.,  each  of  the  larger  divisions  from  E  to  G,  G  to 
&c.,  will  represent  afoot;  each  of  the  twelve  divisions  hetween  D  and  Ei, 
an  inch ;  and  the  several  horizontal  lines  parallel  to  B  0  in  the  triangle 
EO  B,  will  he  equal  to  f^,  &c.,  of  an  inch,   (Fig.  76.) 

2fote. — If  the  scale  be  meant  to  represent  feet,  or  any  other  unit^  and 
tevUhe  and  kundredihef  then  D  E  must  he  divided  into  ten  instead  of  twdve 
equal  parts. 

*  The  truth  ol  tiiis  method  is  emly  demonstrated.  Through  i  the  intermediate 
point  of  divitton,  on  a  n^  between  v  and  n,  draw  i  b.  Then,  beeauee  db  .a  b  b,  «Dd 
niBsiv,x»iBpanlIeltoFP.  Conaequentfy, s p :  ba::  ii>:ia::  l:fl,b7conrtnictioii. 
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Paon.  X.  To  find  the  centre  of  a  circle. 

Draw  any  chord  A  B,  and  bisect  it  perpendicularly  witL  the  line  R  D, 
Then  bisecfc  B  B  in  0,  wUch  will  be  the  centre  required.    (Fig.  29.) 

Pkob.  XL  To  divide  a  given  ekde  into  any  tuim&er  of  eoneeniricparUf 
e^tiol  to  etteh  oiher  in  area. 

Draw  the  radins  A B,  aad  on  it  deecribe  the  semicircle  AfedB. 
Divide  A  B  into  the  proposed  number  of  equal  parte,  1,  2,  S,  Sbc,  and 
erect  the  perpendictdars  Id,  2e,  Sf,  &c.,  meeting  the  semicircle  in  d.  c,f, 
<&C.  Then  from  the  centre  B,  and  with  radii  hd,  He,  Sz'^.,  describe  cir- 
cles; so  shall  tlie  g^iven  circle  be  divided  into  the  proposed  number  of 
ec{ual  concentric  part*.   (Kg.  77.) 

Pros.  XIL  To  divide  a  given  eirde  into  any  nwnier  of  paarU,  eqwd  hoA 
in  area  and  jpenmeter. 

Divide  the  diameter  QB  into  the  proposed  number  of  equal  ports  at  the 
points  S,  T,  y,&c. ;  then,  on  one  side  of  the  diameter  describe  semidreles 
on  the  diameters  Q  S,  QT.  Q  V,  and  on  the  other  side  of  it  describe  semi' 
cireles  on  Tt  Y,  Pv  1\  E  S  ;  so  shall  the  ports  17,  36,  63,  71,  be  ail  equal, 
botJi  in  area  and  perimeter,    (h'ig.  78.) 

Prob.  XTTT.  7\)  describe  the  cireum/erence  of  a  ctrcfe  ihrough  i^ree 
given,  joints.  A,  B,  0. 

From  the  middle  point  B  draw  chords  B  A,  B  0,  to  ihe  two  other  points, 
and  Insect  these  chords  perpendfcnlarly  by  lines  meeting  in  0,  whidi  will 
be  the  centre.  Then  from  die  centre  0,  at  the  distance  of  any  of  the  points, 
as  0  A,  describe  a  circle,  and  it  will  pass  throngh  the  two  other  points 
B  0,  as  reqnired.    (Fig.  79.) 

Tlie  same  method  may  be  employed  for  finding  the  centre  of  a  circular 
arc,  by  taking  any  three  pf)int,8  in  the  same,  ns  A,  B,  and  O. 

Prob.  XIV.  To  describe  vucJianicaUy  the  circum/erence  of  a  circle 
through  three  given  jpoiids,  A,  B,  0,  wlie^n  tJte  centre  is  inaccesi^le  }  or  the 
c»rc2e  too  large  to  ie  dnerihed  vtil^  comfKUXM. 

Place  two  mlers  M  K,  B  S,  cross  ways,  touching  the  three  points,  A,  B,  0. 
Fix  themin  V  by  a  pin,  and  1^  a  transverse  piece  T.  Hold  a  pencil  in  A, 
and  describe  the  arc  B  A  C,  moving  the  angle  B  A  so  as  to  keep  the 
outeide  ed^s  d  the  nilei«  agAinst  the  pine  B  C.  Remove  the  instrumcoit 
B.V  N,  and  on  the  arc  deacribed  mark  two  points,  D,  E,  so  that  their  difi- 
tanee  shall  be  equal  to  the  length  B  C.  Apply  tlie  eda;cs  of  the  instrument 
against  D  E,  and  with  a  pencil  in  (>  describe  the  arc  B  C,  which  will  com- 
plete the  circumference  of  the  circle  required.    (Fig.  80.) 

Oitft^rtouift— Let  an  aade  of  12  or  16  inches  long  carry  two  uneipal 
wheels  A  and  B,  of  ^diich  one.  A,  shall  be  fixed,  while  the  other,  B,  shall 
be  snaceptifole  of  motion  along  the  axle,  and  being  placed  at  any  assigned 
distance,  A  B,  upon  the  paper  or  i^ne  on  which  the  circle  is  to  be  de> 
scribed.  Then  vnll  A  and.B  be  analogous  to  the  ends  of  a  conic  fn]htiim, 
the  vertex  of  the  complete  cone  being  the  centre  (0)  of  the  circle  (0  D  E  F) 
which  will  be  described  by  the  rim,  or  edge,  of  the  wheel  A,  as  it  rolls 
upon  the  proposed  plane.  Then  it  will  Ije,  as  the  diameter  of  the  wheel 
A  ia  to  the  dMerence  of  the  diameters  of  A  and  B,  so  is  the  radius  of  tho 
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circle  proposed  to  be  descrll)e(l  hy  A,  to  the  distance,  A  B,  at  which  the 
two  wheels  must  be  asonder,  measured  upoa  the  plaae  on  which  the  circle 
is  to  be  described. 

The  wheel  B  will  evidently  describe,  simultaueouBly,  another  circle 
(GHIK)  whose  radius  will  be  less  than  that  of  the  former  by  A  B. 
(Kg.  81.) 

Pbob.  XV.  On  a  given  tihord  A  B  (o  descnbe  meeJianicaUjf  an  are  of  a 
Ict/rge  cirde  that  shaU  contain  tiny  number  of  degrees. 

Place  two  rulers,  forming  an  angle  A  0  B,  equal  to  tie  supplement  of 
half  the  given  number  of  degrees,  and  fix  them  in  0.  Place  two  pins  at 
the  i  xtremities  of  the  given  chord,  and  hobl  a  pencil  in  C ;  tlien  move  the 
edges  of  this  instrument  again^  the  pins,  and  the  pencil  will  describe  the 
arc  required.    (Fig.  82.) 

Suppose  it  is  required  to  describe  an  arc  of  50  degrees  on  the  given 
diord  A  B;  subtract  25  d^ees  (which  is  half  the  given  angle,)  from  180| 
and  the  difference,  155  degrees,  will  be  the  tuppUmaxL  Then  form  an 
angle  A  0  B  of  155  degrees  with  the  two  rulers,  and  proceed  as  has  been 
shewn  above. 

Prob.  XVI.  To  describe  the  segment  of  a  cirde  of  large  radiutt  of 
which  the  chord  A  B  and  versine  C  D  are  given. 

Through  D  draw  H  I  parallel  to  A  B ;  then  join  A  D  and  1)  13,  and 
draw  A  H  perpendicular  to  A  D  and  B I  perpendicular  to  B  L),  alao  draw 
A  (2  and  B  perpendicular  to  A  B.  Then  divide  A  C,  B  C,  H  D,  and 
I D,  into  any  number  of  equal  parts,  1,  2,  8, 4^c.,  and  draw  lines  joining 
the  corresponding  numbers  in  H I  and  A  B ;  also  divide  Ad^'&d,  into  the 
same  number  of  equal  parte,  a,  6,  c«  <&c.,  and  draw  lines  from  the  point  D 
to  these  last  divisions,  then  will  the  points  where  ihe  lines  a  D,  6  B,  c  D, 
&c.,  cut  the  lines  11,  22,  83,  d^c,  be  80  many  points  in  the  required  seg- 
ment,   (Fig.  8S.) 

Prod.  XVII.  To  find  the  leirgth  of  anij  given  arc  of  a  circle,  A  B. 

i?>om  A  and  B,  as  centres,  with  radius  equal  to  a  quarter  of  the  chord  of 
the  arc  A  B,  describe  arcs  cutting  the  given  arc  in  G,  and  its  chord  iu  D ; 
join  0  D,  which  will  equal  half  the  length  of  the  arc  A  B  nearly. 
(Pig.  84.) 

Pros.  XVIII.  To  drano  a  straight  line  egwi  in  leng(k  to  any  given 

joortion  of  (he  cireimferenee  of  a  cirde. 

Let  A  B  0  D  be  the  circle,  and  Idt  A  a,  ah,  b  B,  be  the  portions  of  the 
circumference  of  whicli  tlio  length  is  required ;  draw  the  two  diameters 
B  D  and  A  0  at  right  angles  to  each  other,  and  at  the  end  of  the  latter  draw 
the  tangent  line  Ae  j  then  divide  the  radius  EC  into  four  eqiud  parts,  and 
set  off  three  of  theui  from  G  to  F  on  the  diameter  produced ;  then  draw 
lines  from  F  througlL  the  points  a,  5,  B,  cutting  the  tangent  line  A  «,  in 
c,d,e;  so  shall  the  lines  A e,  c<{,  de^  be  equal  in  length  to  the  arcs  A  a, 
ai,  &  B>  and  the  whole  line  A e  equal  to  the  quadrant  A  B.   (fig.  85.) 

Pbob.  XIX.  To  bisect  any  given  triangle  ABO. 

Upon  any  one  of  the  sides,  as  A  B,  describe  a  semicircle,  which  bisect 
in  the  point  B;  then  from  B  as  a  centre  with  radiua  B D  describe  an  arc 
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cutting  A  B  in  through  which  point  draw  the  line  E  F  pttnOlel  with 
the  ride  AC;  then  will  the  line  EF  Msect  the  given  triangle  ABC. 
(Fig.  86.) 

Pbob.  XX.  To  redvee  a  given  reOOmecsr  Jigwre,  ABODBFGA, 
of  €uiy  number  of  nda^  to  a  triangle  of  e^pud  otwo. 

Join  any  two  alternate  angles,  as  A  0,  and  throng^li  the  intermediate 
anirle  B,  draw  B  H  parallel  to  A  0,  cutting  one  of  the  adjoining  sides  in  H, 
and  join  C  H,  then  the  triangle  0  B  a,  added  to  the  figure,  be  equal 
to  the  triangle  a  A  II  taken  out  of  tlie  same  i  in  like  manner  join  II  D,and 
draw  G I  parallel  to  the  same  through  the  intermediate  point  0,  producing 
it  to  cut  the  side  A  G  (idao  prudnced)  in  I,  and  join  I D.  Next  join  D  F, 
and  through  E  draw  a  line  parallel  thereto,  cutting  the  Edde  G  F  produced 
in  E,  and  join  D  K ;  lastiy,  join  D  G,  and  diaw  parallel  to  the  same 
through  the  point  K  a  line  cutting  the  side  A  G  produced  in  L,  th^  join 
D  L,  and  llie  triangle  I D  L  will  be  equal  in  area  to  the  given  rectilinear 
figure  A  B  O  D  E  F  G  A.    (Fig.  87.) 

Pbob.  XXI.  To  form  a  rectaangh  of  the  largest  mea,  in  a  given 
trimgle,  ABC. 

Bisect  any  two  sides  A  B  and  B  G  in  D  and  E,  and  fxom^  those  points 
draw  lines  D  F  and  £  G  perpendicular  to  the  third  side  A  0  and  join  J> 
then  will  the  rectangle  DEFG  he  the  largest  which  can  be  inscribed  in 
the  given  triangle.   (Fig.  88.) 

Prob.  XXn.  To  form  a  sjmre  equal  in  area  to  a  given  trianglef 
ABC. 

On  the  longest  aide  produced  set  off  C  D,  cqnal  half  the  perpendicular 
height  B  E  ;  and  at  C  erect  the  perpendicular  C  F ;  then  on  A  D  descriho 
a  eemicircle  cutting  C  F  in  G  .  and  on  C  (t  form  tlic  square  C  GH  I,  which 
will  be  equal  in  area  to  the  given  triangle.    (Fig.  89.) 

Pbob.  XXIIL  To  f^i  tfte  tide  of  a  egwxre  eqwd  in  area  to  a  given 
rectangle,  A  B  C  B. 

Produce  the  lesser  side  A  B  of  the  rectangle  till  A  E  equal  the  longer 
side  A  D ;  then  describe  upon  A  E  a  semicircle  catting  B  G  in  F,  and  join 
A  F,  which  will  be  the  side  of  the  square  required.    (Fig.  90.) 

Prob.  XXTV.  To  fnd  the  tide  of  a  square  equal  to  ihe  difference  be- 
tween two  given  squares. 

Let  the  sides  of  the  two  given  squares  be  A  and  B.  Then  draw  the 
line  C  D  equal  to  the  lesser  line  B,  and  at  one  of  its  extremities  erect  the 
indefinite  perpendicular  D  E ;  then  with  radius  equal  to  A,  and  from  C  as 
a  centre,  describe  an  arc  cutting  this  perpendicalar  in  E ;  then  D  E  will 
equal  the  side  of  the  square  required.   (Fig.  91.) 

Pbob.  XXV*  To  find  the  tide  of  a  tj^re  ^jko?  in,  area  toang  nvmber 
of  given  squares. 

Let  the  lines  A,  B,  and  C,  be  the  sides  of  the  given  squares.  Draw  D  E 

equal  to  A,  and  at  the  end  of  it  erect  the  perpendicular  E  F  equal  to  B; 
join  D  F  and  perpendicular  to  it,  from  the  point  F,  erect  the  perpendicular 
G  F  equal  to  C  ;  then  join  D  G,  which  will  be  equal  to  the  side  of  a  square 
equal  in  area  to  the  three  equarcii  on  A,  ii,  and  0.    (Fig.  92.) 
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Prob.  XXVI.  To  Jind  the  side  of  a  «£ware  nearljf  egwU  in  area  to  a 
given  circle,  A  BO  D. 

Draw  the  two  diaoMten,  A  0,  B  D,  at  right  angles  to  each  other;  then 
bisect  the  ladius  E  0  in  and  thiotigh  D  and  F  produce  the  straightline 
D  G  cutting  the  circle  In  G,  then  will  D  G  eqnnl  the  side  of  the  aqnare 
required.    (Fig.  93.) 

Prob.  XXVII.  Given  the  side  of  a  regular  pohjgon  of  any  nmnher  of 
sides  {not  exceeding  tudve),  0  the  rotdim  of  the  circle  in  wkidh  it  may 
he  inscribed. 

Multiply  the  given  side  of  the  polygon  by  the  number  which  Btands  in 
oolxmm  h,  opposite  its  proper  name  in  the  annexed  T^iUe  of  Polygons ;  the 
product  will  be  the  radios  required. 

Thus,  suppose  the  polygon  was  to  be  an  octagon,  and  each  side  12,  then 
1-3065628  X  12  =  16-6687586  would  be  the  radius  sought  1U»  15*67 
as  a  radius  from  a  diagonal  scale,  describe  a  circle,  and  from  the  same 
scale,  taking  off  12,  it  may  be  applied  as  the  side  of  an  octagon  in  that  circle. 

PaoB.  XXVIIL  Gi  veil  the  radtns  of  a  circle,  to  find  th-e  side  of  a,u^ 
r^fular  polt/gon  (not  haviny  more  than  twelve  sides)  inscribed  in  it. 

Multiply  the  given  radius  by  the  number  in  columns,  standing  oppoaite 
the  numbor  of  sides  of  the  proposed  polygon;  the  product  is  the  length  of 
the  side  required. 

Thus,  suppose  the  radius  of  the  drde  to  be  5,  then  5  x  1*732051  s 
8*66025,  will  be  the  side  of  the  inscribed  equilateral  triangle. 


Table  of  Polygons. 


No. 

Multipliers 

PuitliuB  of 

'  Factors 

of 

for  areas. 

ciicum.  cir. 

£oir  sides. 

sides. 

(«.) 

(A.) 

(«.) 

8 

Trigon 

Tetragon,  or  Square 

Pentagon 

0-43ii0127 

0*7071068 

1*732051 

4 

1*414214 

i-i7.^;:;70 

5 

1*7204774 

0-8oOG.';08 

6 

Hexagon 

2*5980762 

1-0000000 

1-000000 

7 

Heptagon 

3*6339124 

11523824 

0-867767 

8 

Octagon 

4*8284271 

1*3065628 

0766367 

9 

Nonagon 

6*1818242 

1-4G 19032 

0-684040 

10 

Decagon 

7-6942088 

1-6180340 

0-618034 

11 

Undecagon 

9-3656399 

1-7747324 

0*563465 

12 

Dodecagon 

111961524 

1-9318517 

0-517638 

« 
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CHAP.  m. 


MENSURATION. 
Sect.  L — Oompcuism  ofUnglUh  and  Urmeh  Weights  and  Measures. 

The  following  is  a  coTuparative  Table  of  the  Weights  and  Measures^of 
England  and  France,  which  was  published  by  the  Boyai  and  Central 
Society  of  Agriculture  of  Paris,  in  the  Annuary  for  1829,  and  fimnded 
on  a  Heport,  made  by  Mr.  Mathieu,  to  the  Boyal  Academy  of  Sdences  of 
France,  on  the  bill  passed  the  17th  of  May,  1824,  lelative  to  the  Weights 
and  Measni^s  tenned  **  Imperial,**  which  are  now  used  in  Ghreat  Britaia» 

ifeosttm  of  Lengih. 

XNOLI8B. 

1  Inch  (1 -36th  of  a  yard)  ,  s  . 

1  Foot  (1-Srdof  ayard)  .  =  . 

Yard  Imperial           .  .  ,  sss  . 

Fathom  (2  yards)      .  .  .  =  , 

Pole,  or  perch  (5^  yards)  .  .  =  . 

Furlong  (220  yards)  .  .  =  . 

Mile  (1760  yards)     .  .  .  «  . 


VBXNGH. 

2-5390.11  centimetres. 

decimetres, 

n-Ml  l;58348  metre. 
i-b2i87GGUG  metre. 
6-02911  metres. 
201-164:87  metres. 
1609-3149  metres* 


FEBNOB. 


1  Millimetre 
1  Oentimetre 
1  Decimetre 

1  Metre 

Myriametre 


{ 


ENGLISH. 

0-03937  inch. 

0-  393708  inch. 
8-937079  indieB. 

89*37079  inches. 
3-2806992  feet 

1-  093633  yard. 
6-2188  mOes. 


HNOUSH. 

1  Yard  square  . 

1  Rod  (square  jierch) 

1  Rood  (1210  yards  square) 

1  Acre  (4840  yards  square) 

1  Metre  square 

1  Are      .      .      .  . 

1  Hectare 


Squaire  Measures, 


ENGLISH. 

1  Pint  (1.8th  of  a  gallon) 
1  Quart  (l-4th  of  a  gallon) 
1  Gallon  imperial 


SoUd  Measures. 


FBBNCH. 

0-  836097  metre  sqnare. 

25-291939  metres  square. 
10'n6776are8. 
0*404671  hectare. 

DKOLISH. 

1-  196033  yard  square. 
0-09884,5  rood. 

2-  473614  acres. 


PRBNOH. 

0-  667932  litre. 

1-  135864  litre. 
4-54846794  litres. 
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EMOLISE 

1  Peck  (2  gallons) 

1  Bushel  (8  gallons) 
1  a-ick  (3  biu^Iiels) 
1  Quarter  (8  bushels) 
1  Chaldron  (iii  sacks) 


O'OSGPl/^O  litres. 
36-347064  litres. 

1-  09043  hectolitre. 

2-  907818  hectoIitreE. 
li)'08616  kectolitrea. 


FRERCa. 


1  Litre 


1  Decalitre 
1  Hectolitre 


ENGLISH  TROY. 


Weights, 


1  Grain  (l-24th  of  a  peuuy  weight)  = 
1  Peunyweiglit  (l-20th  of  an  ounoe)  s 
1  Ounce  (l-12th  of  a  pound  troy)  = 
1  Pound  troy  imperial  .  = 

SNOLISH  AVOIRDUPOIS. 

1  Drachm  (l-16th  of  an  ounce)  .  ss 

1  Ounce  (1-16 th  of  a  pound)     .  = 

1  Pound  aYoirdupoiB  imperial    .  s 

1  Handied>weigbt  (112  pounds)  = 

1  Ten  (20  hundred-weight       .  s 


BNGUBE. 

1-  760773  pint 
0*2200967  gaUon. 

2-  2009r)67  gaUons. 
.  22-009667  gallons. 


{ 


FRENCH. 
0'0G477  gramme. 
l*5o45G  gramme. 
31-0913  grammes. 
*  0-3730959  Mlogtamme. 

■  FRENCH. 

1-771 2  gramme. 
28-3384  .s^ammes. 

0-4534148  kilogramme. 
50*78246  kilogrammes. 
1015*649  kilogrammes. 


FBBHCH. 

1  Gramme 
1  Eflogramme 


EFOLISH. 

r  15-438  grains  troy. 

<  0-643  pennyweight 

t  0-032TG  onnce  trov. 

r  2-68027  pounds  troy. 

(  i^-2054b  do.  avoirdupoia. 


Angtdar  Measure, 

In  Franee,  the  centesimal  division  of  the  circle  h  frequently  employed, 
in  which  the  whole  circumference  is  divided  iiuo  400  degreea,  each  de- 
gree into  100  minntes,  each  minute  into  100  seconds,  &o, 

OBliTSSIMAL.  ENOTJOT. 

1  Degree  ...       .53    ,  54  minutes. 

1  Minute  .  .  .  .  =a  .  §2  4  seconds. 
1  Second         .      ,      •      .    «   .         -324  second. 

BNOUSa.  CENTESIMAIi, 

1  Degree         ....    =   .         1^  degree. 

1  Minute  .       .       .       .  '  =    .  1-8518/1  minute. 

1  Second  .       .      .       .    ss    .  3 -08641  seconds. 
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Sbo^t.  XL — Mmsuratiott  of  JSup&rfides, 
Trunouh. 

Let  h,  c,  and  d,  represent  the  three  sides  of  a  triangle  (see  95); 
fif  y,  and  S,  the  angles  oppodte  those  aides  respectively ;  and  h  the  per- 
pendicular height  from  the  yertex  to  the  hase  h  ;  thai  llie 

area  =  ^bh, 
or  s=  ^  5  c .  ein  ^  —  ^  c  (2 .  sin  j3  » 1^(25  .  ain  y. 

Or,  =  ^<f»-(?^+_^j'  I  where  5  is  the  greatest  side  and  c 
the  least. 

If  half  the  sum  of  the  three  aides  or   g  ss  s,  then  the 

«r»  =    *(«  —  6) .  («  —  c) .  («  —     «»d  the 
log  of  area  =  i  {log  a  +  log  («  —  5)  +  log  (s  —  c)  +  log  (•  —  £?) }. 

QUADRILATERALB,  OR  F0UB-8IDKD  FIGURES. 

Square,  Rectangle,  Rhomhus  and  Rhomboid: — To  obtain  tlie  area, 
multiply  the  perpendiculaf  height  (A,  fig.  96)  by  the  base  (6)  on  which 
it  falls. 

The  area  of  a  Trapegkm  is  best  fonnd  by  dividing  it  into  two  triangles 
(as  fig.  17),  the  areas  of  which  may  be  found  by  the  foregoing  roles. 

The  area  of  a  Trapezoid  (fig.  16)  may  either  be  foond  in  the  same  way, 
or  by  multiplying  half  the  sum  of  the  two  parallel  sides  (a  +  ()  by  the 
perpendicnlar  distance  between  them  (&)• 

POLTOONa 

To  obtain  the  area  of  any  regular  polygon,  having  less  than  twelve 

side8»  moltiply  the  sqpiare  of  one  of  the  sides  by  the  number  fonnd  in 

oolnmn  a,  of  the  Table  of  Polygons,  page  191.   Or,  generally,  if  ?  =  the 

length  of  one  of  the  eqital  aides,  and  n  the  number  of  thm;  then  the 

/90«  — 180\ 
area  s  r-^  tan .  y  \ . 

The  area  of  an  irregular  polygon  may  he  determined  hj  dividing  it 
into  triangles,  as  in  fig.  97.  Or  by  forming  one  triangle  equal  in  area  to 
it,  by  Prob.  XX.,  page  190. 

GIROLES. 

Let  d  represent  the  diameter,  e  the  circamference,  a  the  area^  and  j>  = 
8-141S9;  then  the 

Diameter  =  d  « 1    i«  =  2  . 

p      e  |> 

4  a 

Oircamfei^ioe  =c=j»<2=-^-  s2,^  pa. 
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(7irett2ar  Ara* — ^If  r  repreeeaato  the  radius,  and  d  the  diameter  of  the 
circU;  s  &e  erne,  and  Vi  the  versed  sine  of  the  are;  c  the  chord  of  half 
the  arcj «,  Ihe  versed  sine  of  half  the  axo;  and  m  the  measure  in  d^rees 
of  the  whole  arc;  then 

the  length  of  the  arc  =  -0174533  rm; 

or  =  I  {5  <i  ^—^^  +  4  V  «,}  nearly ; 

or  nearly. 
o 

And  the  following  relations  between  the  several  quantities,  iGrom  which 
any  one  of  them  may  be  obtanied,  will  be  fomid  nsefiil,  viz. 

Vt=^T'-W^^   ,   (1.) 

c^^f^vi'  (2.) 

g^J-przr^ZT^    (3.) 

+   

Circular  Sectors. — ^Let  d  represent  the  diameter  of  the  cirde,  I  the 
length  of  the  arc  of  the  sector,  and  m  its  measure  in  degrees ;  Hhea  the 

area  s  ^  r  Z. 

or  =  O0218<Pm. 
OircfuJar  Segments. — Let  d  represent  the  diameter  of  the  circle,  v  the 
versed  alne,  Cj  the  chord  of  the  whole  ar^  and  <^  the  chord  of  half  the 
arc;  then  the 

area  =  |  {  ^  {dv—v^)  +  ^^dv}  nearly; 
or  »f        — fi^  nearly; 

or  s=  ^  t;  (ci  +  ^C|0  a^wiy ; 

or  =1 V V  (^ci*  +  f  »0  nearly. 
Or  the  area  of  any  segment,  as  fig.  98,  may  be  obtained  by  finding  the 
area  of  the  sector  A  B  G  D,  and  subtracting  from  it  the  area  of  the 
triangle  A  C  D. 

The  area  of  a  circular  zone,  as  E  F  G  H,  may  be  found  by  subtracting 
the  area  of  the  segment  (x  M  I  from  the  area  of  the  segment  £  G I H  F. 

PABABOLA. 

The  area  of  a  parabola  is  equal  to  two-thuds  of  the  product  of  the  base 
X  the  perpendicular  height. 

Po/raibaMe  Arc»4 — ^Let  a;  be  the  absciasa  a  6,  fig.  99,  measured  from  the 
vertex  a,  and  y  the  corresponding  right  ordinate  e  ^  ;  then  the  length  of 

the  arc  c  a  <2  is 

=  2  ^      +  ^  x')  nearly  ; 

Paro6olk;  jFVvfAim,  or  Zone. — ^The  word  «oi»e  is  here  used  to  denote 
the  space  cdtg{%^,  99),  contained  between  the  two  parallel  double ordi- 
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natee  c  d  and  eg.    Let     =       iengtli  of  the  double  ordinate  e  d,  and 
s  the  length  of  e^,  and  d  s  the  perpendicular  distance  between  them 
b/;  then  the 

area  of  the  zone  =:%d  ^ — . 

KLLBPSK, 

The  area  is  equal  to  the  product  of  the  transverse  diameter  x  the  con- 
jugate diameter  x  -78.5398. 

The  periphertj  or  circumference  is  equal  to  the  vma,  of  the  transverse 
and  conjugate  diameters  x  1-5707,9. 

The  foregoing  is  only  an  approximation  to  the  periphery,  altiiough  suf- 
ficiently near  the  truth  for  ordinary  purposes ;  but  where  greater  aceiunM^ 
is  required  the  following  series  may  be  employed.  I«et  t  represent  the 

transverse  axis,  e  the  coEjugate,  p  =  314159,  &c.,  and  d=.\  — ^ ;  then 

will  be  the  periphery. 

Elliptic  Segments — To  find  the  area  of  the  elliptic  segment  abc  (fig. 
100),  find  the  area  of  the  corresponding  circular  segment,  dbe,  described 
on  ilie  same  axis  (5/)  to  which  the  catting  line  or  base  of  the  segment  a  c 
is  perpendieolar.  Then,  as  this  axis  (6/)  :  the  other  axis  (gh)  : :  the 
circular  segment  (dhe)  :  the  elliptic  segment  (a he). 

Efliptk  Let  t  represent  the  semi-transverae,  and  c  the  semi- 

conjugate  diameters  of  the  ellipse,  and  d  the  distance  of  the  ordinate  from 
the  centre,  then  the  length  of  the  arc  contained  between  the  ordinate  and 
the  parallel  semi -axis  will  be 


—  (J* 

or  make  — =     then  the 
length  of  the  ai  c  =  d  y/^^^^^  nearly. 

HYPERBOLA. 

The  arm  of  an  hj'perbola  or  hyperholic  aegment  may  be  found  as 
follows : — let  t  and  c  represent  the  eemi-transverse  and  semi-conjugate 
diameters^  2^  the  double  ordinate  which  cuts  off  the  segment,  wd  x  its 


abcissa;  also  j  =  ,7^- — ;  then  the 
^  •  +  as 


« 2 . ,  { J  -    _      -        _  4.} 

(2      -{-  ^      +  ^  2tx]  nearly. 

ffi/perholtc  Arcs. — ^The  notation  being  the  same,  the  following  approx- 
imation may  be  employed  to  obtain  the  length  of  an  hyperbolic  arc 
.     _  120^t  +  (19  ^  +  21  a  4  a;  , 
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Sbct.  JIL-^Mensuridion  of  SoUds, 

PARALLBLOPOVDOH,  PSIBMj   OE  CYLINDBft. 

Surface. — Multiply  the  perimeter  of  one  end  hy  the  length  or  per* 
pendicular  height,  to  which  add  the  area  of  the  two  ends,  the  sum  will  he 
the  surface. 

SoUditif  =  the  area  of  the  haae  x  the  perpendicular  height 

FTRAUm  OR  OOKB. 

Surface. — Multiply  half  the  perimeter  hy  the  slant  height,  to  which 
add  the  area  of  the  hase,  the  sun  is  the  sur&ce. 

SoUditjf  =s  the  area  of  the  hase  x  one^third  the  perpendicular  height 

Frurium  of  a  Pyramid  or  Cone.  Surface. — Miiltiply  half  the  sum  of 
tiie  perimet^  of  <he  two  ends  by  the  perpendicular  height. 

Soltditi/. — Add  a  diameter  or  side  of  the  greater  end  to  one  of  the  less, 
and  from  the  square  of  the  sum  subtract  the  product  of  the  eaid  two 
diameters  or  sides  ;  tlien  multiply  tlie  remainder  hy  one-third  of  the 
height,  and  this  product  by  -780398  for  circles,  or  by  the  proper  multi- 
plier for  polygons ;  the  last  product  will  be  the  capacity. 

That  is,  let  D  equal  the  greater  diameter,  d  the  less,  h  the  perpendicu- 
lar height,  andjp  =  *785398  for  cones,  or  for  any  pyramid  the  proper 
multiplier  from  column  (a)  in  the  table  at  page  191,  then 

.   SoUdity  =  ii>A(I^+D<i  +  <2»)- 

SPUKK  K. 

Surface  =  the  diameter  x  the  circumference,  —  the  8(j[uare  of  the 
diameter  x  3*14:159,  =  the  scjuare  of  the  circumference  x  •3188. 

SoUd/Uy  sst  the  cube  of  the  diameter  x  '5236,  =  the  cube  of  the  cir- 
eumference  x  "OIGSS. 

Siphetietd  Segment. — Let  d  equal  the  diameter  of  the  aphere,  r  the 
radius  of  the  base  of  the  segment^  and  h  its  height ;  then  the  cwrved  wr- 
/<we  =  3*14159  <2  A. 

SolidUy  =  05236  A-  (3^?  —  2  ; 

or  =  06236  A(3r^  -h 

The  surface  and  solidity  of  a  spAmW  zone  may  be  obtained  by  taking 
the  difference  between  the  two  segments. 

ooHoins. 

A  conoid  is  the  soUd  generated  by  the  revolutiou  of  a  couic  section 
about  one  of  its  axis,  and  is  called  a  tj^eroid,  paraboloid^  or  hyperholoid, 
according  to  the  section  from  which  it  is  produced. 

Spheroidt, — ^When  the  eUipee  revolyes  about  its  transverse  axis,  it  is 
(  ill  1  a  n  oblong  or  prolate  epheroid;  when  about  its  conjugate  axis,  an 
oblate  spheroid;  and  when  about  any  other  of  its  diameters,  a  tmiversal 
ephcroid,  in  which  latter  case  its  figure  is  somewhat  resembling  a  heart. 
To  obtain  the  solidif//  of  a  spiheroid,  multiply  the  square  of  the  revolving 
axis  by  the  iixed  axis,  and  the  product  by  0*6236. 
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Paraboloid. — Let  y  be  the  radius  of  the  circular  base,  and  x  the  aUi'- 
tode  of  the  solid ;  then 

i8blk%  =  l*5708/«. 
J^jMriofotd— Let  <  equal  tiie  transmse  axis,  r  the  ndins  of  the  bas^ 
a  the  altitude,  aadp  the  parameter ;  then  the 

TBB  KEOULAK  OR  PLAiOKIC  SOLIDS. 

The  regular  or  Platonic  bodies  are  five  in  nnniber,  and  have  already 

been  described  at  page  185. 

1.  To  find  either  the  surface  or  the  solid  content  of  ani/  of  the  regular 
bodies. — Multiply  the  proper  tabular  area  or  surtiice  (taken  from  column 
(a)  in  the  following  table,)  by  the  square  of  the  linear  edge  of  the  solid, 
for  the  mi^Jkui.  And 

Multiply  the  tabnlftr  solidity  in  column  (5)  of  the  table  by  the  cube  of 
the  linear  edge  for  the  9M  conUnt, 

Surfaeei  and  JSoHdiHet  qfBeguiar  3odie$f  the  side  being  tmtty,  or  1. 


No.  of 
ddeB. 

Name. 

Sorflwe. 
(«) 

4 

Tetnedron 

1-7320608 

0-11785L3 

6 

Hezasdron 

6-0000000 

1-00000(X) 

8 

Octaedron 

3-4641 01 B 

0-4714046 

12 

Dodecaedron 

20-6457288 

7-6631189 

20 

Icosaedron 

8-6602640 

2  1816960 

2.  The  diameter  0/  a  sphere  being  given,  to  find  iKe  Ude  of  any  ofih/e 
PkOonie  hodiu,  tKost  may  he  either  tMoHbed  in  t&e  ^pAere,  or  cvram- 
9eribed  abovA  the  ^here,  or  that  ie  egwd  to  the  «pAere^Multiply  the 
girea  diameter  of  the  sphere  by  the  proper  or  corresponding  number,  in 
the  following  table,  a  v  r  ji  ^  to  the  thing  sought,  and  the  product  will 
be  the  side  of  the  Platonic  body  required. 


The  d?am.  of  a 
sphere  being  1 ; 

That  may  be 
inscribed  in  the 
sphere,  is 

That  may  be  elP> 
oumsciibed  aimat 
the  sphere,  is 

Thatiseqiul  to 
U>  the  fl[ihere,  is 

Tetraedron 

Hexaedron 

0<Uaedron 

Dodecaedron 

Icoeaedron 

0-8164966 
05773503 
0'707iO68 
0-3668221 
0-5257309 

2-4494897 

i-oooocKx:) 

1-2247447 
0-4490279 
0-6616845 

1-6439480 

0-  8059958 

1-  0356300 
0-4068190 
0-6214433 

MENSURATION  OF  SOLIDS. 
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3,  The  side  of  any  of  iht  five  Platonic  bodies  being  given,  to  find  tAe 
(Uemeterofa  sphere,  that  may  either  he  inscribed  in  that  boefy,  or  cMWum* 

scribed  about  it,  or  fJi.nf  is  eq^ial  to  it. — As  the  respective  number  in  the 
table  above,  Tinder  the  title  inscribed,  circuniscrihed,  or  equal,  is  to  1,  so 
is  the  side  of  the  given  Piatouic  body  to  the  diameter  of  its  inscribed,  cir- 
cumscribed, or  equal  sphere. 

4.  The  tide  of  any  one  of  Hhe  five  Platonic  hodiee  beij^  given,  to  fmd 
Atf  nde  of  ^  oGnar  fmar  bodiet,  that  may  he  eqwd  in  toHdity  to  that  of 
the  given  body, — ^As  the  number  tmder  the  dUe  e^ui  in  the  last  colnmii 
of  the  table  above,  against  the  given  Platonic  body,  is  to  the  number 
under  the  same  title,  against  the  body  whose  aide  is  Bought,  so  is  the  aide 
of  the  given  Platonic  body  to  the  side  of  the  body  sought. 

Besides  these  there  are  thirteen  demiregular  bodies,  called  Solids  of 
Archimedes.  They  are  described  in  the  Supplement  to  Lidonnes  Tables 
de  torn  hs  Diviseurs  dea  Nondtre&t  <fec.,  Paris,  1808 ;  twelve  of  them  were 
described  by  Abraham  Sharp,  in  his  Treatise  on  Polyedra. 

TO  FIND  THE    CONTENTS  OF  SCBFACES  AKD  SOUDS    KOT   REDUCIBLE  TO  AN¥ 
KKOWTT  FIOUBH,  BY  THH  BQUTOISTAIPP  ORDnVATB  MSTHOD. 

The  general  rule  is  included  in  this  proposition,  viz. : — li  any  right 
line  be  divided  into  any  even  number  of  equal  parts,  1,  2,  8,  4,  tfec.,  (fig. 
101,)  and  at  the  points  of  division  be  erected  perpendicular  ordinates  1  A, 
2  B,  8  0,  dt;c,  terminated  by  any  curve  AGO:  then,  if  a  be  pnt  for  the 
anm  of  the  first  and  last  ordinates,  1  A,  7  G,  e  for  the  enm  of  the  eoen 
ordinAtes,  2  B,  4  B,  6  F,  d^c,  via.,  the  second,  fourth,  sixth.,  dc»  and  o  for 
the  sum  of  all  the  rest,  3  0,  5  E,  &c.,  viz.,  the  third,  fifth,  i&c,  or  the  ocitf 
ordinatee,  excepting  the  first  and  last :  then,  the  common  distanoe  1,  2, 
2,  3,  &c.,  of  the  ordinates  being  multiplied  into  the  sum  arising  from  the 
addition  of  «,  four  times  e,  and  twice  o,  one  third  oi  the  product  will  be  the 
area  1  A,  G  7,  very  nearly. 

That  is,  l±l|±lf  .  D  =  area,  B  being  =  A  0  =  0  B,  *o. 

The  same  theorem  will  equally  serve  for  the  contents  of  all  solids,  by 
using  the  sections  perpendicular  to  the  axis  instead  of  the  ordinates.  The 
proposition  is  quite  accurate,  for  all  parabolic  and  right  lined  areas  as 
well  aa  for  all  solids  generated  by  the  revolutions  of  conic  sections  or  right 
Imes  about  axes,  and  for  pyrauids  and  thor  frustums.  For  other  areas 
and  solidities  it  is  an  excellent  approzimatiuL 

The  greater  the  number  of  ordinates,  or  of  sections,  that  are  taken,  the 
more  accurately  will  the  area  or  the  capacity  be  determined.  But  in  a 
great  majority  of  cases  five  equidistant  ordinates,  or  sections,  will  lead  to  a 
very  accurate  result. 
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CHAP.  IV. 

TRIGONOMETRY. 
Sect.  L — D^iUcns  and  Triffotufmirieal  MrmukB, 

1.  Plane  Tr^&tumetry  ie  ihat  branch  of  mathematics  by  wMdi  we 
learn  how  to  detennme  or  compote  the  mkhnown  parte  of  a  plane,  or 

rectilinear  triangle,  from  those  which  are  known,  when  that  is  possible. 

Every  triangle  consists  of  six  parts,  viz.,  three  sides,  and  three  angles 
opposite  those  side^.  And  mvy  rhree  of  these  lieing  given  (excepting  only 
when  tile  three  angles  are  given,)  the  others  may  always  be  determined 
from  thenu 

The  determination  of  the  mutual  relation  of  the  sines,  tangents,  secants, 
&0.,  of  the  sumsy  dififiBrencefl,  multiples,  <fec.,  of  arcs  or  angles ;  or  the  in- 
vestigation of  the  connected  fbimnln,  is  also  nsnally  classed  under  plane 
trigonometry. 

2.  Let  A  0  £  (fig.  102,)  be  a  rectilinear  angle :  if  about  0  as  a  centre, 
with  any  radins  0  A,  a  circle  be  described,  intersecting  C  A,  OB,  in 
A,  B,  the  arc  A  B  is  called  the  measure  of  the  angle  A  C 

3.  The  eircumference  of  n  circle  is  supposed  to  be  divided  or  to  he 
divisible  into  360  equal  parts,  called  degrees  j  caeh  degree  into  GO  equal 
parts,  called  mintaet}  each  of  these  into  60  equal  parts,  called  teeonds; 
and  so  on  to  the  minutest  possible  subdivisions.  Of  these,  the  first  is 
indicated  by  a  small  circle,  the  second  by  a  single  acc^t,  the  third  by  a 
double  accent,  &c.  Thus,  47°  18'  84"  45'^  denotes  47  degrees,  18 
minutes,  34  seconds,  and  45  thirds.  The  nmnber  of  degrees,  minutes, 
seconds,  &c.,  contained  in  the  arc  A  B  of  the  circle  dcBcr)l)ed  from  the 
angular  point  C,  and  which  ie  contained  between  the  two  legs  A  C,  A  B, 
is  called  the  measure  of  the  HT^'-le  A  C  B,  which  is  then  paid  to  he  an 
angle  of  so  many  degrees,  miuuteii,  seconds,  <fec.  Thus,  since  a  quadrant 
or  quarter  of  a  circle,  contains  90  degrees,  aad  a  quadi  uutal  arc  is  the 
measure  of  a  riglit  angle,  a  right  angle  is  said  to  be  one  of  90  degrees. 

4.  The  eonyplanmt  of  an  arc  is  its  difference  from  a  quadrant,  as  B  E ; 
and  the  eonypHemetU  of  an  angle  is  its  difierenoe  from  a  right  angle,  as 
BO  B. 

5.  The  supplement  of  an  arc  is  its  difference  from  a  semicircle,  as 
A'  E  B ;  and  the  m^^^lmewt  of  im  angle  is  its  difference  £rom  two  right 
angles,  as  A'  0  B. 

6.  The  sine  of  an  arc  is  a  perpendicular  let  fall  from  one  extremity 
upon  a  diameter  passing  through  the  other,  as  B  D. 

7.  The  vened  sute  or  versine  of  an  arc  is  that  part  of  the  diameter 
which  is  intsfrcepted  between  the  foot  of  the  sine  and  the  arc,  as  D  A. 
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8.  The  tangent  of  an  arc  is  a  right  line  which  toiiches  it  in  one  extre- 
mity, and  is  limited  by  a  right  line  drawn  from  the  centre  of  the  circle 
through  the  other  extremity,  as  A  T. 

9.  The  ttecoTU  of  an  arc  is  the  radial  line  which  thus  limits  tihe  tangent, 
as  CT. 

10.  These  are  also,  by  way  of  accommodation,  said  to  be  the  sine,  tan- 
gent, dsCf  of  the  angle  measured  by  the  aforesaid  arc,  to  its  determinate 
radius. 

11.  The  cosine  of  an  arc  ;')•  angle,  is  the  sine  of  the  complement  of  that 
arc  or  angle,  as  GB :  the  colangent  of  an  arc  or  angle  is  the  tangent  of  tlie 
complement  of  that  arc  or  angle,  aa  E  M.  And  the  co-versed  sine  E  and 
coseeani  0  M,  are  similarly  the  versed  sine  and  secant  of  the  complement. 

12.  The  iuverttne  of  an  arc  is  the  versed  sine  of  its  supplement^  as  A  D. 
Kotc^The  following  oontractiona  are  employed  to  express  the  fore> 

going  terms.  \'iz. : — 

For  the  radiw  of  the  arc  A  B  we  write  rod  A  B, 

sine   ditto    Mil  A 

tangent   ,   ditto    tan  Alt, 

secant   ditto    mcAB, 

versine   ditto    versinA  B, 

conne   ditto    cos  AB, 

cotangent   ditto   cat  AB, 

eoiecaiU    ditto   cosecAB, 

eoverdne   ditto    covers  A  B. 


Sect.  JI.—Grmcra!  Propcmti'ms. 

I.  The  chord  of  any  arc  is  a  mean  projx)rtional  between  the  versed  aine 
of  that  arc  and  the  diameter  of  the  circle. 

IL  As  radius  is  to  the  cosine  of  any  arc,  so  is  twice  the  sine  of  that  arc 
to  the  sine  of  double  the  arc. 

in.  The  secant  of  any  arc  is  equal  to  the  sum  of  its  tangent^  and  the 
tangent  of  half  its  complement. 

TV.  The  sum  of  the  tangent  and  secant  of  any  sk,  is  equal  to  the  tan- 
gent of  an  arc  exceeding  that  by  half  its  complement.  Or,  the  fium  of  the 
tangent  and  secant  of  an  arc  is  equal  to  the  tangent  of  45'^       half  the  arc. 

V.  The  ohord  of  G0°  is  equal  (o  the  radius  of  the  circle  ;  the  versed  sine 
and  cosine  of  60°  are  each  eciual  to  half  the  radius,  and  the  secant  of  Ct)'^  is 
equal  to  double  the  radius. 

VL  The  tangent  of  46^  is  equal  to  the  radius. 

Vn.  The  square  of  the  nne  of  half  any  arc  or  angle  is  equal  to  a  rect- 
angle under  half  the  radius  and  the  vwsed  sine  of  the  whole  are;  and  Hie 
square  of  its  cosine  is  equal  to  a  rectangle  under  half  the  radius  and  <he 
versed  sine  of  the  supplement  of  the  whole  arc  or  angle. 

VIII.  The  reetaiigle  under  the  radius  and  the  sine  of  the  sum  or  the 
difference  of  two  arcs  is  equal  to  the  sum  or  the  difference of  the  rectangles 
under  their  alternate  sines  cosines, 
p 
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IX.  The  rectangle  under  the  radivB  a&d  the  oosine  of  the  Bnm  or  tKe 

difference  of  two  arcs,  is  equal  to  the  diflference  or  the  Bum  of  the  rect' 
angles  under  their  reBpectivc  cosines  and  sinca. 

X.  Afl  the  difference  or  sum  of  the  square  of  the  radius  and  the  rectangle 
under  the  taageate  of  two  arcs,  is  to  th.e  square  of  the  radiiu ;  ao  is  the 
sum  or  difference  of  thdr  tangents,  to  Ihe  tangent  of  the  sum  or  difference 
of  the  arcs. 

XL  As  the  stun  of  the  smes  of  two  unequal  arcs,  is  to  their  difference ; 
so  is  the  tangent  of  half  the  sum  of  those  two  arcs  to  the  tangent  of  half 

their  dijBference. 

XTT.  Of  any  three  equidifforont  ar(?s.  it  will  be  as  radius  is  to  the 
coHine  of  their  common  diliereuee,  so  is  the  sine  of  the  meau  arc,  to  half 
the  snm  of  the  sines  of  the  extremes ;  and,  ag  radiua  16  to  the  sane  of  the 
common  difference,  so  is  the  corine  of  the  mean  arc  to  half  the  difference 
of  the  sines  of  the  two  otremes. 

(A.)  If  the  sine  of  the  mean  of  three  eqnidiffisrent  arcs  (radius  being 
unity)  he  multiplied  into  twice  the  co^ne  of  the  common  difference,  and 
the  sine  of  either  extreme  l)e  deducted  from  the  piroducty  the  remaindeT 
will  be  the  sine  of  the  other  extreme. 

(B.)  The  sine  of  any  arc  above  60°,  is  equal  to  the  sine  of  another  arc 
ad  much  helow  60'^,  together  with  the  sine  of  its  excess  above  60°. 

Cor.  From  this  latter  proposition,  the  sines  below  60^  being  known, 
those  of  arcs  ahoye  60°  are  determinable  by  addition  only. 

XnL  Id.  any  right-angled  triangle,  the  hypothenuse  is  to  one  of  the 
legs,  as  the  radius  is  to  the  sine  of  the  angle  opposite  to  that  leg ;  and  one 
of  the  legs  i."^  to  the  other  as  the  radins  is  to  the  tangent  of  the  angle  oppo- 
site to  the  latter. 

XIV.  In  any  plane  triangle,  as  one  of  the  sides  is  to  another,  so  is  the 
sine  of  the  angle  oppoaite  to  the  former  to  the  sine  of  the  angle  opposite  to 
the  latter. 

XV.  In  any  plane  triangle  it  will  be,  as  the  sum  of  the  sides  about  the 
vertical  angle  is  to  their  difference  so  is  the  tangent  of  half  the  sum  of  the 
angles  at  the  base,  to  the  tangent  of  half  their  1  !fi  rence. 

XYL  In  any  plane  triangle  it  will  be,  bs  the  cosine  of  the  difference  of 

the  angles,  at  the  base,  is  to  the  cosine  of  half  their  sum,  so  is  the  snm  of 
the  sides  about  the  vertical  angles  to  the  third  side.  Also,  as  the  sine  of 
half  the  difference  of  the  angles  at  the  base,  is  to  the  sine  of  half  their  sum, 
so  is  the  difference  of  the  mdea  about  the  vertical  angle  to  the  third  side, 
or  base*. 

XVII.  In  any  plans  triangle  it  will  be,  as  the  base  is  to  the  sum  of  the 
two  other  sides,  so  is  &e  difference  of  those  sides  to  the  lifEerence  of  the 
sc<^cnt8  of  the  base  made  by  a  perpendicular  let  fall  from  the  vertical 
ttigle. 

*  Theae  pi  opositMWuB  were  first  given  by  Thac&er  in  bi&MathemaUeal  Migcellany,  pah- 
lidied  in  1748;  their  piaolical  utility  has  been  mlweqiiiently  diewn  by  Fr<^mor 
W»Baee»  in  the  Edmburgh  FhSotqpkied  TrmtaeHont. 
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XV  111.  In  any  pUme  triangle  it  Trill  be,  as  twice  the  rectangle  under 
any  two  sidee,  is  to  the  difference  of  the  sum  of  the  squares  of  those  two 
sides  and  the  square  of  the  base,  so  is  the  radius  to  the  cosine  of  the  angle 

contained  by  the  two  sides. 

Cor.  When  unity  ia  assumed  as  radius,  thou  if  A  0,  A  B,  B  C,  are 
the  sides  ui  ii  triangle,  and  C  the  an8:le  opposite  the  side  A  B,  this 

Prop,  gives  cos  0 « A£l+^L^^jg! :  and  similar  ezpresuons  for 

the  other  angles. 

XIX.  As  the  sum  of  the  tangents  of  any  two  unequal  angles  is  to  their 
difference,  so  is  the  sine  of  the  sum  of  those  angles  to  the  sine  of  their 

difference. 

XX.  As  the  sine  of  the  difference  of  any  two  nnequal  angles  is  to  the 
diftereuce  of  their  aines,  so  is  the  sum  of  those  sines  to  the  sine  of  the  sum 
of  the  angles. 

These  and  other  proposiLioiitj  are  the  foundation  of  various  formulae,  for 
which  the  reader  who  wishes  to  pursue  the  inquiry  may  conault  the  best 
treatises  on  Trigonometry. 


Skgt.  III. — Solutim  of  the  Cases  of  Plme  Triangles. 

Although  the  three  sides  and  three  angles  of  a  plane  triangle,  when 
combined  three  and  three,  constitute  twenty  varieties,  yet  they  furnish 
only  tAree  distinct  cases  in  which  separate  rules  are  required. 

OASB  I. 

When  a  side  and  an  angle  are  two  of  the  given  parts. 

The  solution  may  he  effected  by  Prop.  XIV.  of  the  preceding  section, 
wherein  it  is  affinried  that  thf=  sides  of  plane  triangles  are  respectively.pro- 
portional  to  the  sines  of  theii'  opposite  angles. 

In  practice,  if  a  side  be  required,  begin  the  proportion  with  a  sine, 
and  say, 

As  the  sine  of  the  given  angle, 

Is  to  its  opposite  side; 

So  is  the  sine  of  eithn  of  the  other  angles, 

To  its  op]X)8ite  side. 
If  an  angle  be  required,  begin  the  proportion  with  a  side,  and  say. 

As  one  of  the  given  sides, 
Is  to  the  sine  of  its  opposite  angle ; 
So  is  the  otlrer  given  side, 
To  the  sine  of  its  opposite  angle. 
The  third  angle  becomes  known  by  taking  the  sum  of  the  two  former 
1^180^. 

IfotAt — It  is  nsually  best  to  work  the  proportions  in  trigonometry  by 
means  of  the  logarithms^  tahing  the  logarithm  of  tibe  Jint  term  from  the 
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gum  of  the  logarithms  of  the  second  and  third,  to  obtain  the  logcarithm  of  the 
/(rnrlh  term.  Or,  adding  the  arithmetical  com^lettierU  oi  the  logarithm  of 
the  fint  tennto      loganiihina  of  the  other  twp»  to  obtain  that  of  lliefourlih. 

OASB  u. 

Whm  two  ndes  and     included  angle  are  givm. 

The  solvtioii  may  be  effected  by  means  of  Prope.  XV.  and  XYI.  of  the 
preceding  section. 

Thus:  take  the  given  angle  from  180P,  the  remainder  will  he  the  mnnof 
the  other  two  angles. 
Then  say. 

As  the  mm  of  the  given  sidefi, 
Is  to  their  diflcrence ; 

>So  is  the  tangent  of  half  theenm  of  the  remainiDg  angles; 
To  the  tangeut  of  half  their  difference. 
Then,  secondly  Bay^ 

As  the  cosine  of  half  the  said  difference, 
Is  to  the  cosine  of  half  the  snm  of  the  angles ; 
So  is  the  Bum  of  the  given  sides, 
To  tiie  third,  or  required  side. 

Or, 

As  the  sine  of  halt  the  dilT.  of  the  angles, 
Iri  to  the  sine  of  half  their  enm  ; 
So  is  the  difference  of  the  given  aides. 
To  the  third  side. 

I^ampl0.~ln  the  triangle  ABC  (Fig.  9)  axe  given  A  0  =  450,  B  0 
s  510,  and  the  included  angle  C  ss  80^;  to  find  the  third  side,  and  the 
two  remaining  angles.  Then, 

Log  (BO-AO  =  90)  »  1*954243 
L<^g  tan  (f  A  +  B  s    «P)  =  10-076187 

12-030430 

Log  (BO  +  A  0     =   990)  =  2-996635 


Log  tan    A  —  B  =  6°  11')  s  9-034:795 


Tlien,    Log  cos     A  -j-  li  =     50"")  =  b'6080G8 
Log  (BO  +  A  0     «   990)  =  2'995686 

12-803703 


Log  COS  A  —  B  s  6°11')  SB  9-997466 
Log(AB     ...     s640O8)ss  2-806287 

Also,^  (A  +  B)  +  I  (A  -jB^  s56<'  IF  s  A;  and  ^  (A  4-  B)  -  ^ 
(A  -  B)  =  48°  ^\V  ^  B. 

Here,  much  txmu  will  be  saved  in  the  work  by  taking  log  cos  \  (A  +  B) 
from  the  tables,  at  the  same  time  with  log  tan  ]|(A  +  B) ;  and  log  cos  \ 
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("A  —  B)  03  soon  iiM  log  tail  ^  (A  —  lij  is  loruid.  Observe,  alflO>  tliat  the 
log  of  ii  G  +  A  0  m  the  same  in  the  second  operation  as  in  tlie  firsts 
UrtiB  the  taUes  need  only  be  op«ied  in  fve  places  for  hotb  operations. 

Another  solvUim  to  (7a^e  If. 

PSnpposing  C  to  he  the  given  angle,  and  C  A,  C  B,  the  given  Bides;  then 
the  third  side  may  be  found  by  this  theorem,  viz. : — 

A  B  =  ^  (A     +  BC  —  2  A  0  .  C  B  .  cos  0). 
Thus,  Ukiiig  A  G  ='4oO,  B  C  ==  540,  C  =  80°,  its  cos  -1736482 
A  B      (4W  -f.540»  —  2x450x«0x  -17864^2) 
«^/{90»(5»  +  e»  — 2  x  6  X  6  X  -1736482)} 
=  90  ^  50-58118  s=  90  X  7-112  =  640-08,  an  before. 

CASE  III. 

When  th'  ilxree  uden  of  a  plane  triangle  are  given,  to  f  vd  tfte  angles. 
1st  Method.-  Assume  tlif^  longest  of  the  three  sides  as  base,  then  Bay, 
conformably  wit!)  l*rop.  XVI.,  last  section. 
As  the  base. 

Is  to  tibe  sum  of  the  two  other  sideB ; 
So  is  the  difference  of  those  sides, 
To  the  difference  of  the  Begments  of  the  base. 
Hs^&e  hsm  added  to  the  said  difierenee  gives  ihe  greater  segment, 
and  made  leas  by  it  gives  the  less;  and  thus,  by  means  of  the  perpendicular 
from  the  vertical  angle,  dividee  the  original  triioigle  into  two,  each  of  which 
falls  iind(;r  the  lirst  *;asc. 

2nd  Method. — Find  any  one  of  the  angles  by  means  of  Prop.  X  VHI. 
of  the  preceding  section;  and  the  remaining  ai^lea  either  by  a  repe- 
tition of  the  same  rule,  or  by  the  relation  of  the  sides  to  the  sines  of 
their  opposite  angles,  vis.  }^ 

^=  2A0.B0  '   2AB.Bd  

,       .  BA»+A(?-BCI» 
^  =  2AB.A0  

niOHT-AMCILBJD  PLANB  TRTAHOLSS. 

Bight-angled  triangles  may  (as  wtdl  as  others.)  be  solved  by  means  of 
the  rule  to  thfl  respective  caae  under  which  any  specified  example  falls ; 
and  it  will  then  be  found,  since  a  right  angle  is  always  one  of  the  data, 
that  the  role  usually  becomes  simplified  in  its  application. 

When  two  of  the  sides  are  given,  the  third  may  be  found  means  of 
the  property  in  Gkom.,  Prop.  XVI.,  Sect.  II. 

Hypoth.  =s^  (base* -t- perpw*)  

Base  ss  ^  (hyp."  —  perp «)  s  ^/  (hyp.  +  pcrp.) .  (hyp.  -  perp.) 
Perp.  =  ^  (hyp.'  —  base*)  =  »J  (hyp.  +  base) . .  (hyp.  —  base.) 
There  is  another  method  for  right-angled  triangles,  known  by  the 
phrase  making  any  side  radint ;  which  is  this. 
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"  To  find  a  side.  Call  any  one  of  the  sides  radius,  and  write  npon  it 
the  word  radim  ;  observ'e  whether  the  other  sides  become  gines,  tangents, 
or  secants,  and  write  those  words  upon  them  accordingly.  Call  the  word 
written  upon  each  side  the  name  of  each  side :  then  say, 

Aa  the  name  of  the  given  side, 

Is  to  the  given  side; 

So  U  the  name  of  the  reqioired  side. 

To  the  reqxdred  side.'* 
**  To  find  an  amgU,  OaU  either  of  the  given  sides  radins,  and  write 
upon  it  the  word  radius  ;  ohserve  whether  the  other  sides  become  sines, 
tangents,  or  secants,  and  write  thn:e  words  on  them  accordingly.   Call  the 
word  written  upon  each  side  tiic  name  of  thut  side.    Then  say, 

As  the  side  made  radius, 

Is  to  mdiiie; 

Bo  is  the  other  given  side. 
To  the  name  of  that  8ade» 
which  determineB  the  opposite  angle." 

When  the  numbers  which  measure  the  sides  of  the  triangle  are  either 
under  12,  or  resolvable  into  factors  which  arc  each  less  than  12,  tho 
solution  may  he  obtained,  conformably  with  this  rule,  easier  without 
logarithms  than  with  them.  For, 

Let  A  B  C  (h'ig.  103)  he  a  right-angled  triangle,  in  which  A  B,  the 
base,  is  assumed  to  be  radius ;  B  C  is  the  tangent  of  A,  and  A  0  its  secant, 
to  that  radius;  or,  dividing  each  of  these  by  the  bascy  we  shall  have  the 
tangent  and  secant  of  A  respeoiively,  radius  being  unity.  Tracing  in  like 
manner  the  consequences  of  afisuming  BO  (as fig.  ^0^),  and  AO  (as  fig. 
105),  each  for  radius,  we  shall  readily  obtain  these  expressbns. 


1. 

perp. 
base 

=  tan  angle  at  base.    (Fig.  103.) 

2. 

base 

a:  sec  angle  at  base.    (Fig.  103.) 

3. 

base 
perp. 

s  tan  angle  at  vertex,  (fig.  105.) 

4. 

hyp. 
peip. 

=  sec  angle  at  vertex.  (Fig.  105.) 

5. 

i»yp- 

=  sin  angle  at  base.    (Fig.  10^) 

6. 

base 
hyp. 

s8  sin  angle  at  vert».  (Fig.  lOL) 

Sbct.  IV. — On  the  t^pHct^ion  of  THgoMmtry  to  nteasming  Seights 

and  JHskmces. 

Trigonometry  reodves  its  principal  practical  application  in  the  opera- 
tions of  surveying,  and  measuring  heights  and  distances ;  as,  however,  the 
methods  of  its  application  (depending  on  the  peculiar  circumstanceB  of 
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each  case)  are  ezoeedingly  various,  we  cannot  lay  down  any  general  rales, 
but  most  content  onrselTes  with  giving  a  selection  of  each  examples 
as  are  most  likely  to  occur;  and  the  principles  developed  in  which 
will  be  sufficient  to  guide  any  person  in  its  further  application  to  other 

cases. 

Example  1. 

In  order  to  find  the  distance  between  two  trees,  A  and  B  {Fig.  9), 
which  could  uot  be  directly  measured  because  of  a  pool  which  occupied 
much  of  the  intermediate  space,  I  measured  the  distance  of  each  of  them 
from  a  third  object,  0,  viz.,  A  0  =  586,  B  0  ss  672,  and  then  at  the  point 
0  took  the  angle  A  OB  between  the  two  trees  =  d5°  4(y.  Required 
their  distance. 

This  is  an  example  to  Case  II.  of  plane  triaiigles,  in  which  two  sides, 
and  the  included  angle,  are  given.  The  work,  therefore,  may  exercise  the 
student :  the  answer  is  69^*& 


Example  2. 

Wanting  to  know  the  distance  between  two  inaccessible  objects,  0  and 
D  (fig.  106),  which  lay  in  a  direct  line  from  the  bottom  of  a  tower  on 
whose  top  I  stood,  I  took  the  angles  of  deprenion  of  the  two  objects,  via., 

of  the  most  remote  25§°,  of  the  nearest  57°.  What  is  the  distance  between 
them,  the  height  of  the  tower  A  B  beiog  120  feet 

H  A  D  s  25°  dCy,  hence  B  A  D  8  B  A  H  —  H  A  D  =  e^"*  8(y. 
HAC=67*»  Cy,henceBAO  =BAH-HA0=83o  0'. 

Hence  the  following  calculation,  by  means  of  the  natural  tangents. 
For,  if  A  B  be  regarded  as  radius,  B  B  and  BO  will  be  the  tangents  of 
the  respective  angles  BAD,  BAG,  and  G  D  the  difference  of  those  tan- 
gents. It  is,  therefore,  equal  to  the  product  of  the  difference  of  the 
natural  tangents  of  those  angles  into  the  height  A  B. 

Thus,  nat.  Uin  64°  30'  =  20965436 
mt.  tan  ci3°      =  O6494076 


difference    1-4471360 

multiplied  by  height,  120 

gives  distance  OB  =  17:>f''^'.32(X) 


The  natural  sines,  tangents,  Ac*,  are  easily  obtained  from  Table  IV., 
by  subtracting  10  from  the  characteristics,  and  then  finding  the  natural 
numb»  answering  to  the  logarithms  with  their  characteristics  so  altered. 
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Example  3. 

Standmg  «t  a  meaaurable  distance  A  B  (Fig.  103),  on  a  horizontal  plane, 
from  tbe  bottom  of  a  tower,  I  took  the  angle  of  elevation  of  the  top  (C) ; 
it  ia  required  from  thence  to  determine  the  height  of  the  tower. 

In  thia  case  there  would  be  given  A  B  and  the  angle  A,  to  find  BO  ss 
AB  X  tan  A. 

By  logariihzns,  when  tihe  nombers  are  large,  it  will  be  log  B0  = 
log  A  B  -I-  log  tan  A. 
JVbto.— If  angle  A  =  11**  1^  then  B  0  =  ^  A  B  very  nearly. 
„     A=16  42    „  r.C=^„AB 
„     A  =  21  48    „    HC  =  f  AB 
„     A  =  26  34    „    BC=  i  AB 
A  =  30  68    „    BC=s  f  AB 


A  =  35  0  „  BC  =  T^^AB 
A  =  38  40    „    B0=:  I  AB 


A  =  45  0  „  BG=  AB,  eajoctfy. 
To  save  the  time  of  computation,  therefore,  the  obeerver  may  set  the 
instrament  to  one  of  these  angles,  and  advance  or  recede,  till  it  accords 
with  the  angle  of  elevation  of  the  object ;  its  height  above  the  horizontal 
level  of  the  observer's  eye  will  at  once  be  known,  by  taking  the  appro- 
priate fraction  of  the  distance  A  B. 

Exam^  4. 

Wanting  to  know  the  height  of  a  chnrch  steeple,  to  the  bottom  of 
which  1  could  not  measnie  on  account  of  a  high  wall  between  me  and  the 
church,  I  fixed  upon  two  stations  at  the  distance  of  93  feet  from  t^ach 

other,  on  a  horieontal  line  from  the  bottom  of  the  steo]>le,  and  at  each  of 
them  took  the  angle  of  elevation  of  the  top  of  the  steeple,  that  is,  at  the 
nearest  station  66°  64',  at  the  other  33''  2(y.  Required  the  height  of  the 
steeple. 

Recurring  to  iignre  10(;,  we  have  given  the  distance  OD,  and  the 
angles  of  elevation  at  0  and  D.   The  quickest  operation  is  by  means  of 

the  natural  tangents,  and  the  theorem  A B  =  * 

Thus  cot  D  =  cot  33°  2(y  =  1 -5204261 
0  =  cot  65  o4  =  6770509 


Their  dififerenee  s  -8433762 


ExQmi^  6. 

Wishing  to  know  the  height  of  an  obelisk  standing  at  the  top  of  a 
regularly  sloping  hill,  I  first  measured  from  its  bottom  a  distance  of  36 
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feet,  and  there  fbnnd  the  aiigle  formed  by  the  indined  plane  and  a  line 
from  the  centre  of  the  inBtnunent  to  the  top  of  the  obelisk  ^I*^ ;  but  after 
measnrmg  on  downward  in  tho  same  sloping  direcdon  64:  feet  farther,  I 
found  the  angle  fornved  in  lilfe  manner  to  be  only  23**  45'.  What  was  the 
height  of  1  he  obciiBk,  and  what  the  angle  made  by  the  sloping  ground  widi 
the  borizon  ? 

The  figure  being  oonBtrncted  (see  fig.  107),  there  are  given  in  the 
triangle  A  0  all  the  angles  and  the  side  A  B,  to  find  B  0.  It  will  be 
obtained  by  this  proportion,  aa  ainO  (s  17*=*  16'=s  B  —  A) :  AB  (=  54) 
: :  sin  A  (=  23^  45^)  :  BO  =  73-3392.   Then,  in  the  triangle  D BO  are 

known  BC  as  above,  BT)  =  36,  CBD=s4P;  to  find  the  other  angles 
and  the  side  C  D.    Thus,  first,  as  C  B  +  B D  :  C B-B D  : :  tan^(D+0) 
a=|(139°)  :  tan ^ (D  -  0)  =  42^  2^'.     Hence  61>°  yCX  +  42°  2W 
11^       =  OD  B,  and  69°  3(y  -  42°  2^'  =  27°  5^'  =  B  0  D.  lien, 
sin  B  C  I)  :  B  B  : :  sin  C  B  D  :  0  D  =  51-8G  height  of  the  obelisk. 

The  angle  of  inclination  DAE=sHDA  =  ODB  —  9Cy^  =  22°  54^', 
Remark. — If  the  line  B  D  cannot  be  measured,  then  Ihe  angle  I>  A  E  of 
the  sloping  groimd  must  be  taken,  as  well  aa  the  angles  CAB  and  0  B  D« 
In  that  case  DAE  +  90°  will  be  eqnal  to  OD  B :  so  that,  after  0 B  ia 
found  from  the  triangle  A  0  B,  0  D  may  be  found  in  the  triangle  0  B  D, 
by  means  of  the  relation  between  the  sides  and  the  sines  of  their  opposite 
angles. 

Being  on  a  horizontal  plane^  and  wanting  to  ascertain  the  height  of  a 
tower  standing  on  the  top  of  an  inaccessible  hill,  I  took  the  angle  of  ele- 
vation of  the  top  of  the  hill  40°,  and  of  the  top  of  the  tower  51°,  then 
measuring  in  a  direct  line  180  feet  farther  from  ilie  lull,  I  took  in  the 
same  vertical  plane  the  angle  of  elevation  ot  the  top  of  the  tower  33°  45'. 
Kequired  from  hence  the  height  of  the  tower. 

The  figure  being  constmcted  (see  fig.  108),  there  are  given,  A  B  =  180, 
OA  B  =  88°46',AOB  =  0  B  E  -  0  A  E=  17*  Ifi/,  0  B  D«  ll**, 
BDO  =  180^~(9O°-DBE)  =  13O^.  And  0  D  may  be  found  from 
the  expression  0  D  .  rad^  sAB.sinA.sinOBD  .  cosec  A  0  B .  sec 
DBK 

Or,  using  logaritluras, 


log  A  B 

180° 

2-255273 

+  log  sin  A 

33°  45' 

0  744730 

+  loGT  sin    0  B  D 

11°  C 

9-280599 

+  log  cosec  A  0  I  > 

170  151 

10-527914 

+  log  sec  D  B  E 

40''  0 

10115746 

41-924271 

log  rad* 

40O00000 

log  CD 

83-0983 

1*924271 

210 


PLANE  TBIQONOMETBY. 


In.  Older  to  determine  the  distance  between  two  inaccessible  objecta  A 
and  B  (Fig.  108)Ton  a  BoxizoDtal  plane,  we  measured  a  convenient  base, 
0  of  536  yards,  and  at  the  extremities  0  and  D  took  the  following 
angles, viz.,DOB  =  4flP16',BOA  =  6r4(y,ODA«42°  22',ADB 
«  Tl**  7'.   Bequired  the  distance  A  R 

First,  in  the  triangle  OD  A  are  gl^en  all  the  angles,  and  the  side  0  D 
to  find  A  D.  So,  again,  m  the  triangle  C  D  B,  are  ^ven  all  the  angles, 
and  0  D  to  find  D  B.  Lastly,  in  tho  triangle  D  A  B  are  given  the  two 
sides  AD,  BD,  and  the  included  angle  A DB,  to  find  ABs  939*52 
yards. 

Remark, — In  like  manner  the  distances  tak^  two  and  two,  between 
any  number  of  remote  objects  posited  aronnd  a  convenient  station  line, 
may  be  ascertained. 

IhcampU  8. 

Suppose  that  in  carrying  ou  an  extensive  survey,  the  distance  between 
two  spires  A  and  B  (E4g.  109)  has  been  found  equal  to  6594  yards,  and 
that  0  and  D  are  two  eminences  conveniently  sitnated  for  extending  the 
triangles,  but  not  admitting  of  the  determination  of  their  distance  by  actual 
admeasurement :  to  ascertain  it,  therefore,  we  took  at  0  and  D  the  M- 
lowing  angles,  viz. : — 

fACB  =  8.5°  4P/       fADC  =  31°  48' 
tBCD=23°66'       1aDB  =  68°  2' 
Beqnired  C  B  from  these  data.. 

In  order  to  solve  this  problem,  construct  a,  similar  qnadrilatcral  Ar  dh^ 
assiiTning  r  d  equal  to  1,  10,  or  any  other  convcnipiit  numl>or:  compute 
A  b  from  the  given  anglos,  acoording  to  the  molliod  of  the  preceding  ex- 
ample. Theu,  since  the  quadrilaterals  Acdb,  A C  D  B,  are  similar,  it 
will  be,  asA&:c<f::AB :  0  D;  from  which  OD  is  found  to  be  equal  to 
4694  yards. 

Example  9. 

Given  the  angles  of  elevation  of  any  distant  object,  taken  at  three  places 
in  a  horizontal  right  line,  ■wliicli  does  not  pass  through  the  point  directly 
below  the  object ;  and  the  respective  distances  between  the  stations;  to 
find  the  height  of  the  object,  and  its  distance  from  either  station. 

Let  AEG  (Fig.  110)  be  the  horizontal  plane,  F  E  the  perpendicular 
height  of  the  object  above  that  plane^  A,  B,  0,  the  three  places  of  obser- 
vation, FA  S,  FB  E,  FOE,  the  angles  of  elevation,  and  A  B^  B  0,  die 
given  distancee.  Then,  since  the  triangles  A E F,  BEF,  CEF,  are  all 
right  angled  at  E,  the  distances  AE,  BE,  0  E,  will  manifestly  be  as  the 
cotangents  of  the  angles  of  elevation  at  A,  B,  and  0. 
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Put  AB  =  D,  BC=<7,  EFsos,  and  ihen  ezpress  algebraicaUy 
the  tfaeorem  giyen  in  Qeom,,  which  in  Ihis  case  becomes, 

AE*.BO  +  OE?.  ABsBEF.  AO  +  AO.  AB.BO. 
The  resolting  equation  is 
d    (cot  A)*  +  D  a?  (cot  P)*  SB  (D  +    ST*  (Oot  B)*  +  (D  +  <l)  D  d 
From  which  is  readily  fonnd 

V  d  (Got  Af  +  B  (cot  C)»  —  (D  +  cT)  (cot  B)"  * 

Thus  E  F  becomiug  known,  the  distances  A  E,  B  E,  0  are  found,  by 
multiplying  the  cotangents  <k  A,  B,  and  0,  respectiyely,  by  E  F. 

Semark, — ^TiVhen D  s or  B  -}-  <2  =  2D  =  2<2,  that  is,  when thepoint 
B  is  midway  between  A  and  0,  the  algebraic  expression  becomes, 

sc  =       s/  ^  (cot  Af  +  ^  (cot  C:;'  -  (cot  B)», 

which  is  toleral)Iy  well  suited  for  logarithmic  computation.  The  rule 
may,  in  that  case,  be  thus  expressed. 

Double  the  log  cotangents  of  the  angles  of  delation  of  the  extreme  sta^ 
tions,  find  the  natural  nnmbers  answering  thereto,  and  take  half  thdr  smn ; 
from  which  subtract  the  natural  number  answering  to  twice  the  log  cotan- 
gent  of  the  middle  angle  of  elevation :  then  half  the  log  of  this  remainder 
subtracted  from  the  log  of  the  measured  distance  between  the  first  and 
second,  or  the  second  and  third  stations,  will  be  the  log  of  the  height  of 
the  object 

The  distance  from  either  station  will  be  found  as  above. 

J^oie. — The  ease  explained  iu  this  example,  ia  one  that  is  highly  useful, 
and  of  frequent  occurrence.  An  analogous  one  is  when  the  angles  of 
elevation  of  a  remote  object  are  taken  from  the  three  angles  of  a  triangle 
on  a  horizontal  plane,  the  sides  of  that  triangle  being  known,  or  measurable : 
but  the  above  admits  of  a  simpler  computation,  andmayusuaUy  be  employed* 

Example  10. 

From  a  convenient  station  P  (Fig.  Ill),  where  could  be  seen  three 
objects,  A,  B,  and  G,  whose  distances  from  each  other  were  known  (viz. 
A  £  =  800,  A  C  =  600,  B  C  =  400  yards),  I  took  the  horizontal  angles 
APC s 83^  4:&,  BP 0  =  22<^  3(/.  It  is  hence  required  to  determine 
the  respective  distances  of  my  station  from  each  object 

Here  it  will  be  necessary,  as  preparatory  to  the  computation,  to  describe 
the  manner  of 

OonttnteHotu — ^Draw  the  given  triangle  ABO  £rom  any  convenient 
scale.  From  the  point  A  draw  a  line  A  D  to  make  wiQi  A  B  an  angle 
equal  to  22**  30',  and  from  B  a  line  B  1)  to  make  an  angle  D  B  A  = 
33"^'  4o'.  Let  a  circle  bo  described  to  pass  through  their  intorflection  D, 
and  through  the  points  A  and  B.  Through  G  and  D  draw  a  right  line  to 
meet  the  circle  again  in  P :  so  shall  P  be  the  point  required.  For,  drawing 
P  A,  P  B,  the  angle  A  P  D  is  evidently  ss  A  B  D,  since  it  stands  on  the 
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same  arc  A  D  :  and  for  a  like  reason  BP  T)  =  B  AD.  So  that  P  is  the 
point  where  the  angles  have  the  assigned  value. 

The  result  of  a  careful  construction  of  ihis  kind,  upon  a  good-siaed 
scale,  will  give  the  values  of  P  A,  1'  G,  P  B,  true  to  within  the  200th 
part  of  each. 

Manner  of  CbmjwtaiunU'^lti  the  triangle  ABC,  where  the  sides  are 
known,  find  the  angles.  In  the  triangle  ABB,  where  all  the  angles  are 
known,  and  the  side  A  B,  find  one  of  the  Other  sides  A  D.  Take  BAD 
from  B  AO,  the  remainder,  D  A  C,  h  the  angle  included  between  the  two 
known  sides,  AD,  AC;  from  which  the  a)T -lea  A  T)  C  find  A  0  D  may  be 
found,  by  Case  II.,  p.  204.  The  auijle  C  A  i'  =  IbU  ^  (A  P  O  +  A  C  D). 
Also,  BCP  =  BOA-ACD;  mid  PB0=:ABC4-PBA  =  ABO 
+  sup.  ADC.  Ilence  the  three  required  distanees  are  found  by  these 
proportions.  As  sin  APO  :  AO  ::  sin  P  AO  :  PC  ::8inP0A:PA; 
and  lastly,  as  sin  BPC :  BC  : :  sinBPO  :  BP.  The  results  of  the  com- 
putation are,  P  A  =  709-38,  P  0  =  1042-66,  P  B  =  $54  yards. 

The  computation  of  problems  of  this  kind,  however,  may  be  a 
little  shortened  by  means  of  an  analytical  investigation.  Those  who  wish 
to  pursue  this  department  of  trigonometry  may  consult  the  treatiseB 
B<»mffeaale,  Gregory  ^  and  Woodhome, 

Notei^Jf  0  had  been  nearer  to  P  than  A  B,  the  general  prinotples  of 
construction  and  computation  w^ould  be  the  same ;  and  the  modification  in 
the  process  very  obvious. 

D£X£BM1NAT10N  OF  HBieUTS  AlsU  Dl&JASOES  BT  APPROXUATB'  MEOHAHIOAL 

lUTBons. 
1.  Fqt  Heights. 

1.  By  thadows,  when  the  sun  shmes.— Set  up  vertically  a  staff  of 
known  length,  and  measure  the  length  of  its  shadow  upon  a  horizontal  or 
other  plane;  measure  alio  the  length  of  the  shadow  of  the  object  whose 
heiglit  in  required.  Then  it  will  be,  as  the  leugth  ol  the  shadow  of  the 
staff,  i»  lo  the  length  of  the  staff  itself;  SO  is  the  length  of  the  shadow  of 
the  object,  to  the  object's  height. 

2.  two  rods  or  ttavea  eet  up  vertically  ^ — Let  two  staves,  one,  say,  of 
6  feet,  the  other  of  4  feet  long,  be  placed  uponhorizontal  circular  or  square 
feet,  on  which  each  may  stand  steadily.  Let  A  B  (Fig.  112)  be  the  object, 
as  a  tower  or  steeple,  whose  altitude  is  reqaired,  and  A  C  the  horizontal 
plane  passing  through  its  base.  Let  C  D  and  E  F,  the  two  rods,  he  placed 
with  their  bases  in  one  and  the  same  line  C  A,  passing  through  A,  the  foot 
of  the  obje(^t ;  and  let  them  be  moved  nearer  to.  or  farther  from,  each  other, 
until  the  sutmnit  B  of  ihe  object  is  seen,  in  the  same  line  D  and  F,  the 
tops  of  the  rods.  Then  by  tlie  principle  of  stmUar  triangles,  it  will  be,  as 
DH  (=C  E)  :  PH  : :  DG  (=  0  A)  :  B  G;  to  which  add  A  G  »  C  D,  for 

the  whole  height  A  B. 


PLANE  TSIGONOMSrntY. 


213 


3.  By  reJlcction.~V\mQ  a  vessel  of  water  upon  the  gromid,  and  recede 
from  it,  untii  you  Bee  the  top  of  the  object  reflected  from  the  smooth  aur- 
fiice  of  the  liquid.  Then,  since  by  a  principle  in  optics,  (he  angles  of  inci- 
dence  and  reflection  are  eqnal,  it  wOl  be  as  yonr  distance  measured 
horizontally  from  the  point  at  which  the  reflection  is  made,  is  to  the 
height  of  your  eye  aboye  the  reflecting  surface;  so  h  the  horizontal 
distance  of  the  foot  of  the  object  from  the  vessel  to  its  altitude  above  the 
said  sur&ce*. 

4t,  By  means  of  a  jportahle  haromeUr  and  thermome^^ — Observe  the 
altitude  B,  of  the  mercurial  column,  in  inches,  tenths^  and  hundredths,  at 
the  bottom  of  the  hill,  or  other  object  whose  altitude  is  required ;  observe, 
also,  the  altitude,  h,  of  the  mercurial  colimm  at  the  top  of  the  object;  ob- 
serve  the  temperatviro.s  on  ^^ahrenheit*B  thermometer,  at  the  times  of  the 
two  barometrical  observations,  and  take  the  mean  between  them* 

Then  55000  x  ^  ^  ^  ss  height  of  i]|e  hill,  in  feet  for  the  temperature 

of  55°  on  Fahrenheit.  Add  ^  of  ihh  refiult  for  every  degree  which 
the  mean,  temperature  ^ceeds  55° ;  subtract  as  much  for  every  degree 
below  oiP. 

Tin 8  will  be  a  good  approximation  when  the  height  of  tho  hill  is  less 
than  I't.ii  iO  feet ;  and  it  is  easily  remembered,  because  55°,  the  assumed  tem- 
perature, agree  with  55,  the  significant  figures  in  the  co>efficient;  while 
the  sigmficant  figures  in  the  denominator  of  the  correcting  fraction  are 
two  f»urs, 

5,  Bx/  an  extemion  of  ihe  prineiple  ofptige  206. — Set  thie  sextant,  or 
other  instroment,  to  the  angle  45°,  and  find  the  point  0  (Fig.  108)  on  the 
horizontal  plane,  where  the  object  A  B  has  that  elevation :  then  set  the 
instrument  to  26°  84',  and  recede  firom  0,  in  direction  B  0  D,  till  the  object 
has  that  elevation. 

The  distance.  0  D  between  the  two  stations  will  Z<e  =  A  B. 

So,  again,  if  C  =  40°,  D  =  24°  3U',  C  D  will  be  =  A  B. 
or,  „  if  0  =  36^,  D  =  22"  2S',  G  i)  „  =s  A  B. 
or,  „  ifO  =  80^,D«20P  6',  OD  „  «AR 
or,  „  ifO  =  20°,D  =  U°66',  CD  „  =  A  B. 
or,  generally,  if  cot  D  —  cot  0  =»  rad,  CD     „     =  A  B. 

6.  For  deviatiori  f  rom  level. — LetE  represent  the  elevation  of  the  tan- 
gent lino  to  the  earth  above  the  true  level,  in  feet  and  parts  of  a  foot,  D 
the  distance  in  miles :  then  E  =  f  D*. 

♦  Leonard  JJigges,  in  his  cunous  work,  the  I'aniometria,  published  iu  IS?!,  fii-st 
proposed  a  method  for  the  determination  of  altitudes  by  means  of  a  geanetrical 
eqiiare  and  plusiiuet,  which  baa  been  deacribed  by  various  later  anthors,  as  Ozanani, 
Bonn,  Hutton,  £c.   But,  as  it  does  not  seem  preferable  to  the  methods  above  given, 

I  have  not  repeated  it  hero. 
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Tliis  fpycA  8  mehes  for  a  dbtanoe  of  one  nule;  and  ia  a  near  approxima- 
tion whien  the  distanoe  does  not  exceed  2  or  3  milee. 

2.  For  IHsfanees, 

1.  By  metmt  of  a  rhmhus  set  of  upon  a  horizontai  jptane* — Suppose  0 
(Fig.  118)  the  oly|ect>  and  O  £  (he  required  distance.  With  a  line  or 
mcasTinn!^  tape,  whose  length  is  eqnal  to  the  side  of  the  intended  rhombus, 

say  /)0  or  100  feet,  lay  down  one  side  B  A  in  the  direction  B  O  towards 
tlie  object,  aud  B  C  another  side  in  any  convenient  direction  (for  whether 
B  be  a  right  angh-,  or  not,  is  of  no  consequence)  ;  and  pnt  up  rod-^  or  arrows 
at  A  and  0.  Then  fasttjii  two  ends  of  two  such  lines  at  A  aud  C,  and  ex- 
tend them  nndl  the  two  other  ends  just  meet  together  at  D ;  let  them  lie 
thus  stretched  upon  the  ground,  and  they  will  form  the  two  other  sides  of 
the  rhombus  A  0  Fix  a  mark  or  arrow  at  directly  between  0 
and  0,  upon  the  line  AD  :  and  measure  R  D,  R  A  upon  the  tape.  Then 
it  wiU  be  as  BD  :  DO    OB  :  BO, the  required  distance. 

Otherwise.   To  Jind  the  length  of  the  wcuxessiltU  Une  QB,. 

At  some  convenient  point  B  (Fig.  114)  lay  down  the  rhombuB  B  A  D  0, 
80  that  two  of  its  sides,  BA,  BG,  are  directed  to  the  extremities  of 
the  line  QB.  Mark  the  intersectionB,  0  and  P,  of  A  B,  0  Q,  with  the 
ddes  of  the  rhombus  (as  in  the  former  method):  then  the  triangle 
O  D  P  will  be  similar  to  the  triangle  B  B  Q;  and  the  inaccessible 

distance  E,  Q  wiU  be  found  =  pp'** 
Thus,if  B  A  »B0,<1^  « 100  ft.,  OB  ^9fb.  5ins.,DPssll  ft.  lOins., 

O  P  =  13  ft.  7  ins.,  then  Q  B  « 15^P5ii<4?6  =  1219  feet. 

9^  xllH 

2.  Bjf  means  of  a  micrometer  aUaehed  to  a  telescope, — ^Portable  in- 
struments for  the  purpose  of  measuring  extremely  small  angles,  have 
been  invented  by  Martin,  Cavfdlo,  Dollond,  Brewster,  and  others.  In 
employing  them  for  the  determination  of  distances,  all  that  is  necessary  in 
practice  is  to  measnre  the  angle  subtended  by  an  object  of  Imown  dimen- 
siong,  placed  either  vertically  or  horizontally,  at  the  remoter  extremity  of 
the  line  whose  length  we  wieh  to  ascertain.  Thus,  if  there  he  a  house,  or 
other  erection,  built  with  bricks,  of  the  usual  size ;  then  four  courses  in 
he^ht  are  equal  to  a  focif  and  four  in  lenffth  equal  to  a  yturA  :  and  distances 
measured  by  means  of  these  wiU  be  tolerably  accurate,  if  care  be  taken 
while  obseiying  the  angle  subtended  by  the  horizontal  object,  to  stand 
directly  in  front  of  it  A  man,  a  carriage-wheel,  a  window,  a  door,  d^., 
at  the  remoter  extremity  of  the  distance  we  wish  to  ascertain,  may  serve 
for  an  approximation.  But  in  all  cases  where  it  is  possible,  let  a  foot,  a 

♦  ForPD:DA::  AB:BR«p^;  andOD  :  OP ::  BB :  BQ^^^L^^. 
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yard,  or  a  six-feet  measure,  be  placed  vertically,  at  one  end  of  the  line  to 
be  measured,  while  the  observer  with,  his  miciomater  stands  at  the  other. 
Then,  if  ^.  be  the  height  of  the  object, 

either  ^    x  cot  |  angle  subtended 
OT  h  X  cot  angle 

will  give  the  distance,  according  as  the  eye  of  the  observer  is  horizontally 
Opposite  to  the  middle^  or  to  one  extremity  of  the  object  whose  angle  is 
teken. 

When  a  table  of  natural  tangents  is  not  at  hand»  a  very  near  appiozi- 
mation  for  all  angles  leas  than  ha^  a  degree,  and  a  tolerably  near  one  up 
to  angles  of  a  degree,  wQl  be  farmshed  by  the  following  rules, 
liihe  distant  object  whose  angle  is  taken  be  1  foot  in  length,  then 
3437-73  -r>  the  angle  in  minntes  )  will  give  the  distance  in 
or  206264:-  -f-  the  anjo^le  in  seconda  J  feet. 
If  the  remote  object  be  3,  0,  9,  &c.,  feet  in  length,  multiply  the  former 
result  by  3,  6,  9,  <&c.,  respectively. 

fJx.  1.  What  is  the  distance  of  a  man  6  feet  high,  when  he  subtends  an 

angle  of  30  seconds  ? 

2062G4  X  6~  30  as  206264:  -s-S=  41252-8  feet  =  13750-9  yards, 

the  distance  required. 

Ex.  2.  In  order  to  ascertalu  the  length  of  a  street,  I  put  up  a  foot  mea- 
sure at  one  end  of  it,  and  standing  at  the  other  found  tliat  measure  to 
subtend  an  angle  of  2  minutes  :  required  tlic  length  of  the  street. 

8437-73     2  =  1718-86  feet  =  572-95  yards. 

3.  means  of  the  velocity/  of  s<nmd. — Let  a  gun  be  fired  at  the  re- 
moter extremity  of  the  required  distance,  and  observe,  by  means  of  a 
chronometer  that  mcaenree  tenths  of  seconds,  the  interval  that  elapses 
between  the  Hash  and  tlie  report :  then  esi  iinate  the  distance  for  one 
second  by  the  following  rule,  and  multiply  that  distance  by  the  observed 
interval  of  time ;  the  product  will  give  the  whole  distance  required. 

At  the  temperature  of  freezmg,  82^,  the  Tdcdty  of  sound  is  1100  feet 
per  second ;  for  lower  tempeiatares  deduct,  or  for  higher  temperatures 
add,  half  a  foot  per  second  for  every  d^;ree  of  difference  fmm  82^  cm 
Fahr.  thermometer;  the  result  will  shew  the  velocity  of  sound,  very 
nearly,  at  all  fmch  temperatures. 

Thus,  at  the  temperature  of  50°  the  velocity  of  sound  is, 

UOO  X  i  (50  -  82)  =  1109  feet 
At  temperature  60°,  it  is  1100  +  i  (60  —32)  — 1114  feet. 
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OHAP.  V. 

CONIC  SECTIONS. 
SiiOT.  L — D^nitions, 

1.  Come  Sections  are  tlic  iigures  made  by  a  plane  cutting  a  cone. 

2.  According  to  the  different  positions  of  the  cnttmg  plane  there  arise 
five  different  figures  or  sections,  viz.,  a  triangUt  a  drde^  an  eJZtjpse,  an 
hyperholOf  and  ^jparabola :  of  which  the  three  hut  are  peculiarly  called 
Conie  Secttom* 

B.  If  the  cutting  plane  pass  throngh  the  vertex  of  tlie  cone,  and  any 
part  of  the  base,  the  section  will  be  a  triangle,  as  A  B.    (Fig.  11«>.) 

4.  If  the  plane  cut  the  cone  parallel  to  the;  base,  or  make  no  angle  with 
it,  the  section  will  be  a  circle,  as  A  C    (Fig.  ilG.) 

5.  The  section  is  an  tU^ge  when  the  cone  is  cut  obliquely  through  both 
eldeBy  or  when  the  plane  is  inclined  to  the  base  in  a  less  angle  than  the 
side  of  the  cone  is»  as  A  B  0  D.   (Fig.  120.) 

6.  The  section  ia  a  pairaboia  when  the  cone  is  ent  by  a  plane  parallel  to 
the  sidci  or  when  the  cutting  plane  and  the  side  of  the  cone  make  equal 
angles  with  Ihe  base,  as  P,  A  P,.    (Mg.  138.) 

7.  The  section  is  an  hyperbola  when  the  cntting  plane  makes  a  greater 
angle  with  the  base  than  the  side  of  the  cone  makes,  as  Pi  A  P^.  (Mg. 
130.) 

Note. — In  all  the  above  definitious  the  cone  is  supposed  to  be  a  right 
cone. 

8.  If  all  the  sides  of  the  cone  be  continued  through  the  vertex,  forming 
an  opposite  equal  cone,  and  the  plane  be  also  continued  to  cut  the  opposite 
cone,  this  latter  section  is  called  the  opp<mte  hypexMa  to  the  former,  as 
Si  B  Sa.    (Fig.  130.) 

9.  And  if  there  be  two  other  cones,  with  thdr  axes  in  the  same  plane 
and  their  Bides  touching  the  side?  of  the  former  conea,  then  will  the  same 
pltuae  cut  all  the  coiics  and  form  four  hyperbolas,  m  Pj  A  V...  Ri  0  B^,  S| 
BS2,  Q]  I)  Q2  (fig.  118),  each  opposite  pair  of  which  are  similar,'  th^e 
hyperbolas  arc  said  to  be  conjugaXe  to  each  other,  and  the  figure  thus 
formed  id  called  ihejigwre  of  the  cmjugaJte  h^fpeviolcu,  as  fig.  118. 

iVbfs. — ^In  the  following  definitions,  the  letters  refer  to  fig.  117  for  the 
ellipse ;  fig.  118  for  the  hyperbola;  and  fig.  119  for  the  parabola. 

10.  The  verHces  of  any  section  are  the  points  where  the  cutting  plane 
meets  the  opposite  sides  of  the  cone,  as  A  and  B. 

Car,  Hence  the  ellipse  and  the  opposite  hypcrholaa  have  each  two 
vertices  ;  hnt  the  parabola  only  one ;  unless  we  consider  the  other  as  at 
an  infinite  distance. 

11.  The  nwjor  axis,  or  transverse  diameter  of  a  conic  section,  is  the 
line  or  distance  A  B  between  the  vertices. 


CX^NIC  SECnOKS. 


217 


Cot.  Henoe  the  azb  of  a  parabola  is  iniimte  in  length,  A  B  being  only 

a  part  of  it. 

12.  The  ceniste  0  is  the  Uiiddle  of  the  axis. 

Cbr.  Hence  the  centre  of  a  parabola  infinitely  distant  from  the  yeitez. 
And  of  an  ellipae,  the  asda  and  centre  lie  within  the  curve :  but  of  an 
hyperbola,  without 

13.  The  mtnor  or  conjugate  (zxis,  is  the  line  0  B,  drawn  tibrongh  the 

centre  perpendicolar  to  the  transverse  axis,  and  bounded  each  way  by  the 

CurvA, 

Cor,  Hence  the  parabola  has  not  any  conjugate  axis,  unless  we  sappoae 
it  at  an  infinite  distance,  and  infinite  in  length. 

14.  A  tangent  to  a  curve  at  any  point,  is  a  line  as  Aj  T^,  which  touches 
the  curve  in  that  point;  bat  being  produced  either  way  does  not  cut  it 

15.  A  ditxmeter  is  any  right  line,  as  Ai  Bj,  drawn  through  the  centre, 
and  terminated  on  each  side  by  the  curve ;  and  the  extremitiea  of  the 
diameter,  or  its  intersections  wilJi  the  curve,  as  At  and  Bj,  are  its  vertices 

Cor.  Hence  all  tlic  diameters  of  a  parabola  are  parallel  to  the  acsis,  and 
infinite  in  length.  Hence,  also,  every  diameter  of  tho  ellipse  and  hyper- 
bola has  t  wo  vertice.^ ;  luit  of  the  parabola^  Only  one ;  unless  wc  consider 
the  other  as  at  au  infinite  distance. 

16.  The  eonjvgaie  to  any  diameter  is  the  line  drawn  through  the  centre, 
and  parallel  to  the  tangent  of  the  curve  at  the  vertex  of  the  diameter. 
So,  C]  Dj,  parallel  to  the  tangent  at  Ai,  is  the  conjogate  to  Ai  Bi. 

17.  An  ordmait  to  any  diameter  is  a  line  parallel  to  its  conjugate,  or  to 
the  tangent  at  its  vertex,  and  terminated  by  the  diameter  and  curve.  So, 
K  I  and  A,  nra  ordiuates  to  the  axis  A  B ;  and  Kt  I  and  E|  la  ordi' 
nates  to  the  diameter  A  j  Bj. 

Oor.  Hence  the  ordlnates  of  the  axes  are  perpendicular  to  it;  but  of 
other  diameters,  the  ordinateB  are  oblique  to  theui. 

18.  An  ahscitsa  is  a  part  of  any  diameter,  contained  between  its  vertex 
and  an  ordinate  to  it;  as  A  K  or  B  E,  and  Ai  E|  or  Bi  £|. 

Cor.  Hence,  in  the  ellipee  and  hyperbola,  every  ordinate  has  two 
abscissae ;  hut  in  the  parabola  only  one ;  the  other  vertex  of  the  diamet^ 
being  infinitely  distant. 

19.  The  vertex  from  which  the  abscissrc  arc  mcasnrod  is  called  the  origin 
of  thoBc  abscieaai,  and  any  abscissa  and  its  ordinate  are  called  co~ordinatest 
as  A  K  and  K  L 

20.  The  jparaaneter  of  any  dimeter  is  that  donble  ordinate  which  is  a 
third  proportional  to  the  transverse  and  conjugate  axes  in  the  ellipse  or 
hyperbola,  and  to  any  abscissa  and  its  ordinate  in  the  parabola.  The 
parameter  of  the  tninsverse  azia  is  called  the  pnncijpai  jjarameier,  or  iJie 
lattureelmi;  thus,  if  A,  B, :  0,  Di : :  0,  Dj  :  Ij  then  Ig  I*  is  thepm^- 
meter  of  Aj  B^ ;  and  if  A  B  :  0  D  ; ;  C  D  :  Ti  I3,  then  I,  I3  is  the  lattts  rectum. 

21.  The  point  where  the  parameter  cuts  the  transverse  axis  is  called 
the  focus,  m  E,  P;  and  the  di.^tancc  of  the  focus  from  the  nearest  vertex 
of  the  same  axis  is  called  the  focal  distance,  as  A  £,  B  F. 

Cor.  Hence,  the  ellipse  and  hyperbola  have  each  two  foci,  but  the 
Q 
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parabola  only  one.  The  fbd  (or  burning  pointo)  were  ao  cftUed  heeaxae 
all  rays  are  united  or  reflected  into  one  of  them,  which  proceed  from  the 
other  focns,  and  are  reflected  from  the  curve. 

22.  The  point  E  is  also  freqnently  called  t}\(*  pole  ;  and  a  line  drawn 
from  any  point  in  the  curve  to  the  pole,  is  called  the  radius  vector  as 
E  I.  And  the  angle  B  K  eontjiined  between  the  radius  vector  and  the 
tnmsTcrse  axid,  is  called  the  traced  angle, 

23.  The  €i£reclruB  is  a  right  line  drawn  perpendicular  to  the  transverse 
axis  of  a  conio  section,  tfarongh  an  assignable  point  in  the  prolongation  of 
that  axis;  each  that  lines  drawn  from  any  points  in  the  curve  paralld  to 
the  axis  to  meet  the  directrix,  shall  be  to  lines  drawn  from  die  same 
points  to  the  focus,  in  a  constant  ratio  for  the  same  carve. 

Thus,  if  AE:AT::£l8:I«y  ::El,:Is«::EI:IX,  thenXY 
is  the  directrix. 

In  the  ellipse  A  E  is  less  than  A  T. 

In  ike  jparOfbola  A  E  ia  eg^ital  to  A  T. 

In  tiie  hyperbola  A  E  is  ffrealer  than  A  T. 

24.  The  suhtancfent  to  any  point  in  a  cnrve,  is  that  portion  of  the  trans- 
verse  axis  which  is  contained  between  the  tsmgent  and  ordinate  to  tho 
same  point,  as  T|. 

25.  A  normtd  at  any  point  is  a  line  drawn  from  thai  point  perpen- 
dicular to  the  tangent,  to  meet  the  transverse  axis,  as  A]  L. 

26.  The  Radiu»  of  Ov/natwre  of  aconie  section  or  other  carve,  is  the 
raditis  of  that  o&rde  which  is  precisely  of  the  same  curvatnre  as  the  curve 
itself,  at  any  assigned  point,  or  the  radios  of  the  drde  which  fits  the  curve 
and  coinddee  with  it,  at  a  enaall  distance  on  each  side  of  the  point  of  con- 
tact. The  circle  itself  is  called  the  oiiculatori/  circle,  or  the  equimrve 
circle  ;  and  if  the  cnrve  he  of  iTx-o^fiTitly  varying  curvature,  each  jHjiut 

a  distinct  etLuicurve  circle,  tiie  radius  of  wbicli  is  perpendicular  to  the 
tangent  at  the  point  of  contact 

27.  An  cuj/mtote  is  a  right  line  towards  which  a  certain  curve  line  ap- 
proaches continnally  nearer  and  nearer,  yet  so  as  never  to  meet,  except 
both  be  prodnoed  mdefinitely.  The  hyperbola  has  two  aq^ptotes,  as 
U  V,  W  Z. 
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CHAPTER  VL 

LAND  MEASUBma 

We  cannot  enter  npon  any  calculation  coimectedi  with  Land 
that  is  not  more  or  less  dependent  upon  the  admeasurement  of  its 
surfrif^p,  or,  in  more  technical  terms,  its  super fnial  area  hovf 
much  more  important  then,  tlian  is  ordmarily  supposed,  does  it  be- 
come that  the  very  simple  operations  necessary  to  arrive  at  a 
correct  result  should  be  properly  understood  by  those  who  affect 
to  practise  this  particular  branch  of  science.  No  extraordinary 
ability  or  power  of  genius,  nothinfif  out  of  the  common  way  in 
point  of  education  and  mental  attain uieiits,  no  laborious  application 
to  study,  nor  any  great  amount  of  previous  practice,  is  requisite  to 
produce  a  competent  Land  Measurer."  I  do  not  laeuii  to  say 
that  all  these  are  not  advantages  which  will  give  a  man  possessing 
them  superiority  over  another  who  does  not  possess  them;  but 
they  are  not  at  all  indispensable ;  and  I  will  endeavour  to  ezponnd 
in  simple  language  the  rules  requisite  to  be  understood  to  enable 
any  person,  though  of  mean  ability,  who  can  perform  the  four 
fundamental  rules  of  arithmetic,  (or  by  the  aid  of  Tables  I  pub- 
Bdied  ten  years  since,  or  the  Tables  I  will  annex  to  this  article, 
addition  only),  to  measure  accurately  any  piece  of  land  that  may 
come  in  his  way  although  he  may  not  be  able  to  do  it  quickly,  so 
as  to  turn  to  profitable  pecuniary  account  the  knowledge  he  has 
thus  acquired. 

I  must  not  here  be  misunderstood.  While  all  I  have  said  above 
applies  to  LandMeasurmff,*^  not  one  word  is  applicable  to  ''Land 
Surveying;*'  that  is  a  totally  different  branch  of  science,  requiring 
long  practice  and  a  thoroughly  perfect  scientific  education. 

By  **  Land  Surveying"  I  mean  the  admeasurement,  by  an  infinity 
of  instrumental  and  other  contrivances,  of  the  geographical  and 
physical  features  of  the  eartVs  surface,  embracing  in  their  widest 
scope  the  operations  of  "  Surveying,  Mapping,  and  Levelling." 

In  extensive  operations,  land  is  geuerally  measured  with  a  chain 
of  100  links,  knowm  as  Gunter's  Chain,  from  the  name  of  its  in- 
ventor, the  Rev.  Edward  Gunter,  who  was  bom  in  1680,  and  died 
in  1726,  so  tliat  it  must  have  been  in  use  upwards  of  125  years. 
The  chief  advantage  of  the  use  of  this  chain  is  the  facility  itaflbrds 
in  squaring  or  eaaimg  the  dimensions,  100,000  square  links,  or  10 
square  chains,  being  equal  to  one  statute  acre.    If,  however,  the 
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results  of  operations  in  other  measures  are  oonyenientlj  tabulated, 
tliis  advantage  of  Gkinter'a  Cham  is  superseded,  and  the  non-pro- 
fessional Land  Measurer^'  is  at  liberty  to  take  tlie  dimensions  in 
that  measure  with  which  he  is  most  £uDdliar.  Country  gentlemen^ 
farmers,  and  indeed  aU  classes  of  the  community,  being  more  gene- 
rally aoquainted  with  the  standard  yard,  it  is  my  intention  to  lay 
down  the  principles  of  Land  Measuring  without  reference  to  any 
particular  kind  of  measure  used,  and  then  to  annex  thereto  a  cor- 
rectly computed  Table  of  results,  in  statute  acres,  of  dimendons 
taken  in  yards.  These  Tables  will,  as  I  haye  preyiously  stated, 
entirely  obviate  the  necessity  of  aU  calculation  in  cases  when  the 
pieces  of  land  do  not  exceed  100  yards  square^  and  will  render  dimen- 
sions in  yards  equally  as  convenient  as  those  in  chains  and  links. 

1*  If  the  piece  of  land  to  be  measured  is  in  the  form  of  a  square 
or  rectangle,  that  is,  having  four  right  angles^  and  all  its  sides 
parallel,  its  area  is  found  by  multiplying  its  length  by  its  widtL 
(  Vide  Mensuration  of  Superfides.) 

2.  If  the  piece  of  land  to  be  measured  is  triangular,  the  length 
of  the  base  multiplied  by  one-half  the  perpendicular,  or  one-half 
of  the  base  multiplied  by  the  perpendicular,  will  gn  r  the  area; 
or,  what  is  the  same  thing,  the  full  base  multiplied  by  the  perpen- 
dicular, will  give  twice  tibe  area  of  the  triangle.  (  Vide  Mensuration 
of  Superficies.) 

3.  If  the  piece  of  land  has  two  of  its  side?  parallel  and  at  right 
angles  with  the  base,  add  the  two  parallel  sides  together,  and 
multiply  one-half  their  sum  by  the  base  or  side  running  at  right 
angles  to  them,  the  product  will  be  the  area ;  or  multiply  the  sum 
of  the  two  sides  by  the  base,  and  take  half  the  pixMluct  for  the 
area. 

J^ampU  1. 

A  square  piece  of  land  is  4  long  and  4  wide,  what  is  its  area  ? 
(Kg.  126.) 

4  long 

multiplied  by  4  wide 

gives  ...  16  superficial  area. 

I  have  endeavoured  to  rendir  tliis  result  plainly  apparent  by 
dividing  the  figure  into  squares  and  numbering  them,  from  whicJi 
it  will  at  once  be  seen  that  the  area  of  the  %ure  must  be  16  squares 
of  whatever  measure  the  dimensions  were  taken  in. 
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Ex.  2. — A^Tiat  is  the  contcut  of  the  triangular  piece  of  land 
whose  base  is  8  and  perpendicular  4  ?  (Fig.  126.) 

8  base  or  4  half  base 

multiplied  by  2  half  perpendicular  4  perpendicular 

giyes  16  saperfidal  content.       16  area. 

or  8  ba^ 

4  perpendicular 

2)32  twice  area 

g^yes  16  required  area. 

This  is  also  rendered  olearly  apparent  on  the  figure^  hj  which 
it  is  shewn  tiiat  the  triangle  ABC  contains  12  perfect  sqaares 
and  8  half-sqnares.  It  ako  shews  that  the  two  triangles  wanting 
to  form  a  rectangle  of  the  same  dimensions  contain^  in  the  aggre- 
gate, the  same  number  of  squares  and  half-squares  as  the  triangle ; 
thus  illustrating,  in  the  plainest  manner,  that  one-half  the  area 
of  the  rectangle  is  the  area  of  the  triangle. 

Ex,  3. — ^Required  the  area  of  the  rlumiboid  whose  hase  is  4,  and 
its  parallel  sides  4  and  8  respectively.  (Fig.  127.) 

4  height  of  one  side 
added  to .  .     8  ha^t  of  opposite  side 

divided  by  2)  12 

gives  ...   6  mean  height 
multiplied  by    4  hase 

gives  ...  24  area. 

or,  4 
added  to  .    .  8 

12  sum  of  the  sides 
multiplied  by   4  base 

divided  by  2)48 

gives  ...  24  area. 

The  figures  shew  that  6  must  be  the  mean  height,  the  squMe  A 
and  the  two  half  squares  a  a,  rejected,  being  equal  to  the  square 
B,  and  the  two  half  squares  b  b,  taken  in. 

The  previous  rules  form  the  fundamental  ones  for  measuring 
land,  but  it  is  very  unusual  indeed  to  meet  with  just  such  figures 
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in  practice ;  it  does  not  unfrequently  happen  that  a  four-dded 
field  is  met  with,  hat  then  it  Boaicel^  ever  oooois  that  the  sides 
are  parallel  to  each  other,  or  if  so,  that  the  angles  are  right  angles; 
even  should  that  he  the  case,  it  is  not  poesihle  to  he  certain  of  the 
fact,  without  verifying  it  hj  some  process  ^at  would  take  as  much 
time  as  would  be  required  to  measure  the  field;  the  rule  then  is 
to  divide  the  field  into  seyeral  imaginary  mathematical  figures, 
and  to  take  such  dimensions  ns  niaj  be  required  to  produce  the 
area.  The  (riaugle  will  be  found  to  be  the  most  useful  of  all 
others  for  this  purpose,  or  a  trapezium  dl^nded  into  two  trianglefl 
bj  the  «  diagonal/'  which  thus  becomes  a  biisc  common  to  both  tri- 
angles, and  wUl  consequently  give  the  area  of  the  trapezium  if  mul- 
tiplied into  half  the  sum  of  the  two  perpendiculars  of  the  triangle. 

£9. 4.-~Bequired  the  Content  of  the  Field  in  the  form  of  a 
Trapezium,  whose  duuenaions  in  Link^,  ure  as  given  in  Fig.  128. 

Note— In  measuring  the  base  AB,  it  was  found  that  "the^'first 
pezpendicuLur  to  the  corner  E,  sprang  at  the  point  C  422  links 
W  A,  and  a  maik  was  tiiere  left  until  the  perpendicular  could  be 
measured;  (it  is  very  dangerous  to  the  accuracy  of  the  work  to  dis- 
continue measuring  on  one  line,  to  measure  another,  before  the 
first  hue  is  completed;  the  insertion  of  the  %urefl  in  the  wrong 
phMses,  and  mixing  tiie  arrows  which  denote  tiie  number  of  chain^ 
are  among  the  most  fruitfiil  sources  of  error  to  an  unpractised 
person  m  such  ca^s.)  Continuing  tiie  diagonal  the  pcrpendiouhw 
to  the  comer,  F  was  found  to  spring  at  the  point  I)  830  linke  from 
A  .  Contmumg  the  total  length,  the  base  A  B  was  found  to  be 
U42  links.  The  chain  was  then  taken  to  F,  and  tiie  perpendicular 
F  D  was  measured,  equal  460  Hnks :  and  tiien  tiie  perpendicular 
from  C  to  E,  and  found  to  be  480  links,  which  completed  tiie 
operation. 

OtUeukOum, 

1  480 

divide  by  2)  940   sum  of  perpendiculars 

470  halfsumofperpendicukrai. 

JiS  ir*^"','  ■  ^  ^'«*^"<'««''°  'iJ-gonal  Hf  which  the  peri^mdicalm  t««* 
not  fttall  i^mred  m  tUe  compumioa  of  the  area,  but  it  is  alwayaN^o^rXT+r^r 

of  waiX:r;:iz^^^^^^ 

keeping  the  Field  Kof«,  I  waa  enabled  3ome  two  or  hri  y^^ 

to  pki  »  very  tde«a»le  map  of  that  p««i.-E.  T        «»«qtte«Uy,  at  my 
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mult  1 J  .1  y      1  i  42  (liaL'oiial 

by         470  hall  sum  ol  perpeudiculara 

79940 
4568 


acres       5^6740  product  in  square  links 
4 


rood  1^46960 
40 


perches  !8,7sioo 

The  area  536740  square  Hnks  is  reduced  into  acres,  roods,  and 
perches,  by  dividing  by  100,000  the  number  of  square  links  in  an 
acre ;  this  U  readily  done  by  cutting  off  the  five  right-hand  figures ; 
the  figure  5  remaining  on  the  left-hand  being  acres,  and  those 
on  the  right  decimals  of  an  acre,  which  by  multiplying  by  4  (the 
number  of  roods  in  an  acre)  and  again  cutting  off  five  figures, 
leaves  one  rood  on  the  left  of  the  decimal  dot — the  decimals  of  a 
rood  being  multiplied  by  40  (the  number  of  perches  in  a  rood),  and 
the  five  decimals  again  pointed  o£f,  leave  IS  perches  and  *78400 
decimals  of  a  perch. 

The  answer,  therefore,  is  5a»  1e.  18-7r. 

To  facilitate  this  reduction  of  square  links,  a  Table  is  annexed, 
shewing  the  several  roods  and  perches  in  any  decimal  of  an  acre. 

It  is  very  easy  to  reduce  them  mentally  by  committing  the  fol- 
lowing partieulai?  to  memoiy. 

•00625  is   1  perch  In  our  previous  example,  this  is  the 

IS  2    „         kind  of  mental  calculation  we  should 
•02500  18  4   „         have  to  carry  on* 
•05000  is  8  J,  We  see  that  the  giyen  dedmal 

*10000  is  16  „  *36740  is  more  than  one  rood;  there- 
•20000  is  32  „  fore,  we  set  down  one  rood,  and  at 
•25000  is  1  rood  a  glance  we  discover  we  have  left 
•50000  is  2  roods      •11740*10000  of  which  we  know  to 

•75000  is  3  roods      be  16 

•01250   2 

and  the  remainder  nearly  1 

19  per"  neaxly 


By  the  assistance  of  some  Tables  published  by  me  in  1842, 
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under  the  txdd  of  "Ryde$  Boeka  Om^pamm  and  ReaAf  Eeekmur,^ 
the  calculation  of  the  preyions  example  would  haye  been  as  under. 

The  Tables  riaiiig  in  Taliie>  eyery  eepantte  link  np  to  1000,  the 
half  of  the  diagonal  or  odd  number  would  have  been  taken  (to 
bring  it  within  the  scope  of  the  Tablee,  and  thus  aaye  one  line  of 
addition,)  and  the  sum  of  the  perpendiculars.  Thus, 


at  page  115 

B. 

p. 

^^^^  a=  571  bv  900  — 

V 

«  by  40  = 

0 

0 

36*5 

5 

1 

18-7 

otherwise  it  would  have  stood 

at  page  94 

470  by  UOO  = 

5 

0 

27-2 

«  by    40  « 

0 

0 

30- 

»  by      2  = 

0 

0 

1-5 

5 

1 

The  only  advantage  of  the  fonner  arrangement  over  the  latter 
being,  the  saving  of  one  line^e^eted  in  the  addition  of  the  <^uantitics. 

£x,  5, — ^What  is  the  Content  of  the  piece  of  Land  whose 
dimensions  are  marked  upon  figure  129  ? 

First,'  we  have  the  diagonal  A  B  s  1034,  and  the  two  perpen- 
diculars GEandDFs411  and  395  respectiYely ;  ihen  on  the 
line  BE,  between  it  and  the  carved  fence,  we  have,  first,  a  triangle 
B I K,  %y1iosc  base  B  I  is  100,  and  perpendicular  I  K  66  ;  next 
a  rhomboid  H I K  L,  whose  base  I H  is  the  di£ference  between 
300  and  100,  and  whose  perpendiculars  H  L  and  IK  are  6  and  20 
respectively ;  then  a  rectangle  Gr  H  L  M,  whose  base  H  G  is  the 
difference  between  700  and  300,  and  whose  perpendiculars  H  L  and 
G  M  are  20 ;  and  lastly,  we  have  a  triangle  EG  M,  whose  base 
G  E  is  the  difference  between  960  and  700,  and  whose  perpen- 
dicuiai  Q  M  is  20. 

CakuUUion, 
=  517  X  (411  +  395  =  806) 

2)  100 

50  half-bflse 
6  perp. 


300  TrL  B  I  K. 
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517  ^"dukgodiaL 
806  sum  perp. 

3102 
41360 

4*16702  areaoftrapezmm  AEBF. 
20  400  base  300  Triangle  B IE. 

6  20  perp.       2600  Bhomboid  H I E  L. 

—    8000  Rectangle  GHLM. 

2)  26  8000  2600  Triangle  E  G  H 

13  ^-perp.    260  4-30202  Total  area  of  field. 

200  10^-perp. 


2600  2600 


By  the  Table  of  Decimals  of  an  acre  '30052  s=  ir.  8p. 
Answer  4a,  Ir.  8p* 

By  '^Byd^s  Pocket  Can^Mmum  and  Beady  Beckoner,** 

A.  B,  P. 

At  page  104,  517  bj  806  =  4  0  26-6  Trap.  A  E  B  R 

10,    50  „      6  =  0  0  0-4  Tri.  BIK. 

3,    13  „  200  =0  0  41  Khom.  HIKL. 

80,  400  „    20  =  0  0  12-8  Kec.  G  H  L  M. 

52,  260  „    10  =  0  0  4-1  Tri.  E  G  M. 

Answer  4  18* 


Other  Examples  might  be  added,  Tvith  all  the  fences  crooked^ 
but  it  is  considered  unnecessary,  as  eyery  distinct  fence  would 
have  to  be  treated  in  a  similar  manner  to  the  fence  BK L  ME» 
in  our  last  Example. 
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R.  P. 

Dec. 

R 

P. 

Dec 

B. 

P. 

Deo. 

B.  P. 

Dee. 

0  1 

.00625 

1 

1 

.25625 

2 

1 

.50625 

3  1 

.75625 

0  2 

.01250 

1 

2 

.26260 

2 

2 

.61250 

3  2 

.76250 

0  8 

.01875 

1 

3 

.26875 

2 

3 

.51875 

3  3 

.76875 

0  4 

.02500 

1 

4 

.27500 

2 

4 

.525(X) 

3  4 

77500 

0  5 

.03125 

1 

6 

.28125 

2 

5 

.53125 

3  5 

78125 

0  6 

miBO 

1 

6 

.28750 

2 

6 

.53750 

3  6 

78750 

0  7 

.04:375 

1 

7 

.29375 

2 

7 

.51375 

3  7 

79375 

0  8 

.05000 

1 

8 

.3()(X>0 

8 

.55000 

3  8 

8(X)00 

0  9 

.05625 

1 

.30625 

9 

.55625 

3  9 

80625 

0  10 

.06250 

1 

10 

.31250 

2 

10 

.56350 

3  10 

81250 

0  11 

.OB875 

1 

11 

.31875 

2 

11 

,00  b  75 

3  11 

81 875 

0  12 

-07500 

1 

12 

.32500 

2 

12 

.57500 

3  12 

0  13 

.08125 

1 

13 

.33125 

2 

13 

.58125 

3  13 

.83125 

0  14 

.08750 

1 

14 

.33750 

2 

14 

.58750 

3  14 

83750 

0  15 

.09375 

1 

15 

.34376 

2 

15 

.69375 

3  15 

84375 

0  16 

.1  UJt.MJ 

1 

16 

.35000 

2 

16 

.600'JO 

3  16 

.850CK) 

0  17 

.1062.5 

I 

17 

.35625 

2 

17 

.60625 

3  17 

85625 

0  18 

.11250 

1 

18 

.36250 

2 

18 

.61250 

3  18 

.86250 

0  19 

.11875 

1 

19 

.36875 

2 

19 

,6i:s75 

3  in 

.RR875 

0  20 

.12500 

1 

20 

.37500 

2 

20 

.62500 

3  20 

.87500 

0  21 

.13125 

1 

21 

.38125 

21 

.63125 

3  21 

.88125 

0  22 

.13750 

1 

>')(> 

.38750 

2 

.63750 

3  22 

.88750 

0  28 

.14375 

1 

.)•-> 

.39375 

2 

23 

.64375 

3  23 

.89375 

0  24 

.15000 

1 

24 

.40000 

•              \y  \y 

2 

24 

.650(X) 

3  24 

0  25 

.15625 

1 

25 

.40625 

2 

25 

.65625 

3  25 

.90625 

0  26 

.16250 

1 

20 

.41250 

o 

26 

3  26 

.91250 

0  27 

.16875 

1 

27 

.41875 

2 

27 

.':'';-i75 

3  27 

91875 

0  28 

.17500 

1 

28 

.42500 

2 

28 

.67500 

3  28 

92500 

0  29 

.18125 

1 

29 

.43125 

o 

29 

3  29 

93125 

0  30 

.18750 

1 

30 

.43750 

SO 

.68750 

3  30 

.93760 

0  31 

.19375 

1 

31 

.44375 

2 

31 

.69375 

3  31 

.94375 

0  32 

.20000 

1 

32 

.45000 

2 

32 

.70000 

3  32 

.95000 

0  33 

.20625 

1 

33 

.45625 

2 

38 

.70625 

3  33 

.95625 

0  ?,  i 

.21250 

1 

34 

.46250 

2 

34 

.71250 

3  34 

.96250 

0  35 

.21875 

1 

35 

.46875 

2 

35 

.71875 

335 

.96875 

0  36 

.22500 

1 

36 

47600 

2 

36 

.72500 

3  86 

.97500 

0  87 

.28125 

1 

37 

.48125 

2 

37 

.73125 

3  37 

.98125 

0  38 

.23750 

1 

38 

.48750 

2 

38 

.73760 

3  38 

.98750 

0  39 

.2^75 

1 

39 

.49375 

2 

39 

.74375 

3  39  1 

.99375 

1  0 

.25000 

2 

0 

50000 

!  3 

0 

.75000  ^ 
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Rcqnirefl  the  content  of  the  field  wiiose  dimenffiimB  Id  yarda  are 
as  shewu  tipou  130* 


37  =  base. 
259  Tri.  B. 


2 


19 
171 

361  TrL  C. 


Yards. 

1|2«99  half-base 
2 

88  perp. 

792 

792 

8712  Tmn^e  A. 

259  Tfi  K 

361  Tri.  C. 

1932  Bhom.  D. 

1026  Tri.  £. 


2  2  -  ^  ^  . 

160— 76  a  84  base 

92 
184 

1932  Rhomboid  D. 


27  perp. 


266 
76 


1026  In.  E. 

By  the  new  Tables: — 

88  yaxds  hy  99 

7      „  37: 

19      „  19 

23      M  84 

38  27 


12290  area  iaeq^nare  yards. 


4840)  12290  (2  acres. 
9680 


2610 
4 


4840)  10440  (2  roods. 
9680 


760 
40 

4840)  30400(6*28  perohes 
29040 


13600 
9680 

39200 
38720 


A.  R.  r, 
IBS 
0  0  8.56 
lO  0  11.93 
:0   1  23.87 
:  0   0  33.92 


480 


Answer   ..22  G.28 
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iVbfe,— The  reduction  of  square  yards  into  acres^  ioods>  and 
perches  is  given  in  this  case  to  illustrate  the  method  of  doing  it  by 
figures;  for  the  future  we  shall  only  employ  the  Tables. 

Bequired  the  Area  of  the  Field  whose  ^^STn^^^i^^ft  in  yards  are 
as  marked  upon  fig.  131. 

By  the  Tables. 


i|5  X  116  +  46«99  xl62» 

99  X  100  =  2 
99  X  62  =  1 

186 


0    7-27  \ 

X  127  +  68  =.  93  X 195* 


2 

93  xlOO  =  1  3  27-441^,^  ^ 

93  X  95  =  1  3  12-07/ 

2+8 

— p  x55=  5x65=0  0   9-09   Bhom.  C. 

?ii  X  134  -  56  =  6  X  79  =  0  0  16-67  Ehom.D. 

x27«  6  x  27  =  0  0  5-36  Ehom.E. 

t  ^    X  11  =         33  X  11  =  0  0  12-10   TrL  F. 

i^^=^  =  ^x4  =  35  x    4  =  0  0  4-63   Tri  0. 


Total  Contents   ..71  16-.54 


What  are  the  respeotlye  quantities  of  four  pieces  of  Harvest 
Work,  whose  dimensions  in  yards  are  severally,  as  marked  on 
fig.  132  ? 

Note, — We  may  here  remark,  that  in  narrow  slips  of  land^  such 
as  is  represented  in  this  field,  it  is  sujffidently  accurate  for  ordinary 
purposes,  if  the  mean  length  is  ascertained  by  measuring  up  the 
middle  of  the  slip,  and  the  width  is  taken  as  near  to  either  end  as 
possible,  about  at  right  angles  with  the  centre  length,  and  averaged 
for  a  mfij^Ti  width* 

*Tlie  Table*  beinf  Umited  to  100  yards  in  extent  an  esin  line  in  the  caating  ia 

reqfiired  in  each  of  these  two  fignres. 

f  This  figiure  ia  not  strictly  a  matbeuiatical  one ;  it  will  be  obscrred,  the  mesa 
length  is  taicen  and  the  mean  width:  Uie  field  reprtiBented,  is  m  actual  field,  in  the 
parish  of  Walton. 

X  Here  is  another  little  irrrgiilarity  of  small  importance ;  the  11  jmcdlB  may  not  be 
quite  at  right  angles  with  the  baae,  but  not  sufficiently  at  varianoe  to  produce  any 
pnietical  consequence. 
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By  the  Tabk. 

A.  K.  r. 

28  X  97  =  0   2   9-79  Trap.  A. 

38  X  94  «  0   2  38*08  Trap.  B. 

47  X  96  =  0   3  29*16  Trap.  C. 

33  X  97  =:  0   2  25*82  Trap.  D. 


Total  Contents    .    .    2    3  22"bj 


The  little  instrument  used  for  erecting  perpendiculars  is  called 
a  Cross.  The  most  simple  one  that  can  be  conpstnicted,  and  the 
most  convenient  because  the  most  portal *Ic,  consists  of  a  round 
piece  of  box-wood,  about  four  inches  in  diameter,  and  three-quar- 
ters of  an  inch  in  thickness;  it  has  a  hole  in  ihe  centre,  through 
which  it  may  be  sUpped  on  to  the  offset  rod,  to  a  suitable  height 
when  stuck  in  the  ground  for  a  man's  eye  to  look  mfco.  Two 
grooves  at  right  angles  with  each  otiier  are  cut  into  it,  as  shewn  on 
Fig.  133 ;  a  thin  piece  of  yemier  b  stuck  on  to  the  top  of  it,  and 
when  on  the  staff  it  appears  as  Fig.  134.  To  prove  the  accuracy 
of  the  Cross,  look  into  groove  AB,  Fig.  135,  and  direct  an  assistant 
to  set  up  a  stick  C ;  look  through  the  other  groove  D  E,  and  have 
another  stick  set  up  at  F :  twist  the  Cross  round  on  the  ofiset 
rod  until  the  stick  at  F  can  be  seen  through  the  groove  A  B ;  then 
if  the  stick  at  0  is  seen  through  the  groove  D  E,  the  Cross  is 
obviooslj  correct. 
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0 

0  34.51 

88 

0 

0  34.91 

89 

0 

0  35.31 

90 

0 

0  85.7 

91 

0 

0  36.1 

92 

0 

0  36.6 

0 

0  86.89 

94 

0 

0  37.29 

f  ■ 

0 

0  37.69 

Jb 

0 

0  38.08 

9/ 

0 

0  38.48 

9o 

0 

0  38^ 

99 

0 

0  89.27 

100 

0 

0  S9.67 

lo  iiy  Id 

0 

0  5.69 

14 

0 

0  6.02 

15 

0 

0  6.45 

16 

0 

0  6.88 

17 

0 

0  7.31 

18 

0 

0  7,73 

19 

0 

0  8.17 

20 

0 

0  8.6 

21 

0 

0  9.02 

22 

0 

0  9.45 

28 

0 

0  9,88 

24 

0 

0  10.31 

2r> 

0 

0  10.74 

26 

0 

0  11.17 

27 

0 

0  11.6 

0 

0  12.08 

(t 

0  12.46 
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Dimouioint. 

Statnie  ooutant 

r 

1  DimeiiMciii. 

Stetn  6  €0i>t8iit. 

Statute  cttrtemt. 

JL. 

1  VuMta 

1  zanu. 

A. 

R.  p. 

^L*  It* 

13  bv  31 

0 

0  13.32 

NO  bv  95 

UUI  no 

0 

1  0.83 

1A  Kv  79 

0 

0  33.32 

32 

0 

0  18.75 

r  9fi 

0 

1  1.26 

74 

0 

0  98.79 

33 

0 

0  14.18 

0 

1  1.69 

74 

0 

0  84.25 

34 

0 

0  14.r,i 

0 

1  2.12 

0 

0  34.71 

35 

0 

0  15.04 

49 

0 

1  2.55 

7fi 

0 

0  35.17 

86 

0 

0  15.47 

ton 

0 

1  2.98 

77 

0 

0  35.64 

87 

0 

0  15.9 

0 

0  6.48 

7ft 

0 

0  36.1 

88 

0 

0  16.38 

tK 

0 

0  6.94 

79 

0 

0  3^».56 

0 

0  16.76 

0 

0  7.4 

0 

0  37.ri2 

0 

0  17.19 

17 

0 

0  7.87 

0 

0  87.49 

41 

0 

0  17.62 

1ft 

MO 

0 

0  8.88 

89 

0 

0  87.95 

42 

0 

0  18.05 

ft 

0  8.79 

83 

0 

0  38.41 

43 

0 

0  18.48 

0 

0  9.26 

84 

0 

0  38.88 

44 

0 

0  18.91 

0 

0  9.72 

0 

0  89.84 

45 

0 

0  iD  .r>,  i 

0 

0  10.18 

86 

0 

0  39.8 

46 

0 

0  19.77 

SO 

0 

0  10.64 

87 

0 

1  0.26 

47 

0 

0  20.2 

OA 

0 

0  11.11 

88 

0 

1  0.73 

48 

0 

0  20.63 

tSIO 

0 

0  11.67  1 

0 

1  1.19 

49 

0 

0  21.06 

9A 

20 

0 

0  12.08 

90 

0 

1  1.65 

0 

0  21.49 

97 

0 

0  12.5 

'  91 

0 

1  2.12 

51 

0 

0  21.92 

£0 

0 

0  12.96 

92 

0 

1  2.58 

0 

0  22.S5 

0 

0  13.42 

93 

0 

1  3.04 

0 

0  22.78 

ao 

0 

CM 

0 

1  8.5 

54 

0 

0  23.21 

O-i 

0  14.35 

95 

0 

1  3.97 

55 

0 

0  23.64 

0 

0  14,81 

96 

0 

1  4.43 

56 

0 

0  24.07 

0 

0  15.27 

97 

0 

1  4.89 

57 

0 

0  24.5 

Ore 

0 

0  15.74 

98 

0 

1  5.86 

58 

0 

0  24.93 

35 

0 

0  16.2 

99 

0 

1  6.82 

59 

0 

0  25.36 

Ov 

0 

0  16.66 

100 

0 

1  6.28 

60 

0 

0  25.79 

ft7 

0  17.12 

tfibv  15 

Atf  wjr  *w 

0 

0  7.44 

61 

0 

0  26.21 

38 

n  17.59 

16 

0 

0  7.9^ 

62 

0 

0  26.64 

39 

0 

U  18.06 

17 

0 

0  8.43 

63 

0 

0  87.07 

40 

0 

0  18.51 

18 

0 

0  8.98 

64 

0 

0  27.5 

0 

0  18.98 

19 

0 

0  9.42 

65 

0 

0  27.93 

0 

0  19.4* 

20 

0 

0  9.92 

66 

0 

0  28.86 

43 

0 

0  19.9 

21 

0 

0  10.41 

67 

0 

0  28.79 

44 

0 

0  20.36 

92 

mm 

0 

0  10.91 

68 

0 

0  29.83 

0 

0  20.83 

28 

0 

0  11.4 

0 

0  2'.h(\' 

0 

0  21.29 

S4 

0 

0  11.9 

70 

0 

0  30.08 

-47 

0 

0  21.75 

0 

0  12.4 

71 

0 

0  80.51 

48 

0 

0  22.21 

0 

0  12.89 

72 

0 

0  80.94 

0 

0  22.68 

0 

0  13,39 

0 

0  31.37 

0 

0  23.14 

0 

0  13.88 

74 

0 

0  31.8 

0 

0  23.6 

0 

0  14.38 

0 

0  32.23 

via 

0 

0  24.07 

0 

0  14.88 

1  D 

0 

0  32.66 

RA 

oa 

0 

0  24.53 

0 

0  15.37 

77 

0 

0  33.09 

0 

0  24.99 

32 

(» 

i\  J 5.87 

0 

0  88.02 

OO 

0 

0  25.45 

vv 

0 

0  16.86 

to 

0 

0  88.95 

Aft 

0 

0  25.92 

84 
ox 

0 

0  16.86 

fin 

0 

0  34.38 

o< 

0 

0  26.-?8 

85 

Vtf 

0 

0  17.36 

Oil 

0 

0  34.81 

OO 

0 

0  26.84 

0 

0  17.85 

OB 

0 

0  So.2i 

0 

0  27.31 

37 

0 

0  18.35 

R51 
oO 

0  S.*?  fi7 

0 

O  27  77 

88 

0 

0  18.84 

CM 

(7* 

0 

0  36.1 

ox 

0 

0  28,23 

89 

0 

0  19.34 

85 

0 

0  86.53 

62 

0 

0  28.69 

40 

0 

0  19.83 

86 

0 

0  86.96 

63 

0 

0  29.16 

41 

0 

0  20.88 

87 

0 

0  87.69 

64 

0 

0  29.62 

42 

0 

0  20.88 

88 

0 

0  37.82 

65 

0 

0  80.08 

43 

0 

0  21.82 

89 

0 

0  38.25 

66 

0 

0  30.55 

44 

0 

0  21.82 

00 

0 

0  88.68 

67 

0 

0  81,01 

45 

0 

0  22.31 

91 

0 

0  89.11 

68 

0 

0  31.47 

46 

0 

0  22.81 

92 

0 

0  89.54 

69 

0 

0  31. 93 

47 

0 

0  23.31 

93 

0 

0  39.i)7 

70 

0 

0  32.1 

48 

0 

0  23.8 

94 

0 

1  0.4 

71 

0 

0  82.86 

49 

0 

0  24.8 
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Dimengions. 

StJifut''  coritent. 

1  Dimensioiu. 

Statute  content. 

DimCiisiiina. 

j  Statute  conwnt. 

£9  vy 

51 

A. 

K.  p. 

A. 

».  p. 

1  arde. 

A. 

K.  r. 

0 

0  24.79 

16  by  29 

0 

0  16.84 

16  by  93 

0 

1  9.19 

0 

0  25.29 

80 

0 

0  15.87 

94 

0 

1  9.72 

62 

0 

0  26.79 

81 

0 

0  16.4 

96 

0 

1  10.25 

53 

0 

0  2C.28 

32 

0 

96 

0 

1      1  A  "TO 

54 

0 

0  26.78 

33 

0 

0  17.45 

97 

0 

1  11. 3i 

55 

0 

0  27.27 

84 

0 

0  17.98 

98 

0 

1  ll.OO 

66 

0 

0  27.77 

35 

0 

0  16.51 

99 

0 

1  l2.dD 

0 

0  2^.2G 

86 

0 

0  19.04 

100 

0 

1  12.89 

58 

0 

0  2K.76 

37 

0 

0  19.57 

17  by  17 

0 

0  9.5o 

59 

0 

0  29.26 

88 

0 

0  20.1 

18 

0 

0  10.12 

fiO 

0 

0  29.75 

89 

0 

0  20.63 

19 

0 

0  10.68 

61 

0 

0  no. 25 

40 

0 

0  2M6 

A 

0 

0  11.24 

02 

0 

0  ao.74 

41 

0 

0  21.(59 

^1 

0 

0  U.o 

63 

0 

0  31 .24 

42 

0 

0  22.21 

22 

0 

0  12.;u; 

6-i 

0 

0  31.74 

48 

0 

0  22.74 

23 

0 

0  12.  U3 

65 

0 

0  32.23 

0 

0  28.27 

24 

0 

0  13.49 

w 

a 

0  32.78 

45 

0 

0  23.8 

25 

0 

0  11 

67 

0 

0  88.22 

46 

0 

0  24.33 

26 

0 

0  14-i'J 

6B 

0 

0  38.72 

47 

0 

0  24.86 

27 

0 

0  15.17 

0 

0  34.21 

48 

0 

0  25.39 

28 

0 

0  16.74 

70 

0 

0  34.71 

49 

0 

0  25.92 

29 

0 

A     1  A  O 

0  16,3 

71 

0 

0  35.21 

50 

0 

0  2t;.45 

30 

0 

0  i'<.36 

72 

0 

0  85.7 

51 

0 

0  26.98 

31 

0 

0  17.42 

78 

f  V 

c 

0  86.2 

52 

0 

0  27.5 

32 

0 

0  17.98 

74 

0 

0  36.69 

63 

0 

0  28.03 

;^3 

0 

0  18.55 

75 

.0 

0  87.19 

54 

0 

0  28.56 

34 

0 

0  19.11 

76 

0 

0  87.69 

55 

0 

0  29.09 

35 

0 

0  Iv.hi 

77  ' 

0 

0 

56 

0 

0  29.02 

86 

0 

0  20.28 

78 

0 

0  3S.G8 

57 

0 

0  80.16 

37 

0 

A     A  A  f9tk 

0  20.79 

79 

0 

0  39.17 

58 

0 

0  30.68 

38 

0 

0  21.36 

80 

0 

0  89.67 

59 

0 

0  81.21 

89 

0 

0  21 .5>2 

81 

0 

1  0.17 

60 

0 

0  81.74 

40 

0 

0  22  l.- 

82 

VJ4J 

0 

1  0.66 

61 

0 

0  32.26 

41 

0 

0  23.01 

0 

1  1.16 

62 

0 

0  32.79 

42 

0 

A   AO  A 

0  Z?>.D 

84 

0 

1  1.65 

68 

0 

0  38.82 

43 

0 

0  24.17 

85 

0 

1  2.15 

64 

0 

0  88.86 

44 

0 

0  «4.7i> 

86 

0 

1  2.64 

65 

0 

0  84.88 

46 

0 

A  OtE  OQ 

0  2SO.a9 

87 

0 

1  3.14 

66 

0 

0  31. PI 

48 

0 

0  25.85 

88 

0 

1  8.64 

67 

0 

0  3o.44 

47 

0 

0  26.41 

89 

0 

1  4.18 

68 

0 

0  35.97 

48 

0 

0  26.98 

90 

0 

1  4.0.*? 

0!) 

0 

0  86.5 

49 

A 

0 

0  si»o^ 

91 

0 

1  5.12 

70 

0 

0  87.08 

50 

A 

0 

0  S0.1 

92 

0 

1  r,.(\2 

71 

0 

0  Sl.B^i 

51 

0 

0  iO.OO 

9S 

0 

1  6.12 

72 

0 

0  38.08 

62 

0 

0  2y.2j3 

94 

0 

1  6.61 

78 

0 

0  88.61 

53 

0 

f)  J;*.  / 

95 

0 

1  7.n 

74 

0 

0  39.14 

54 

0 

A  OA 

0  ov.oo 

96 

0 

I  7.6 

76 

0 

0  39.67 

55 

0 

0  oO.yi 

97 

0 

1  8.1 

76 

0 

1  0.2 

PA] 

0 

11     • ;  1  IT 

()  .'>l.il 

98 

0 
0 

77 

0 

1  0.78 

57 

0 

99 

I  y.ou 

78 

0 

1  1.26 

58 

0 

0  OB.O 

100 

0 

1  159 

79 

0 

1  1.79 

50 

0 

0  oD-it) 

16  by  16 

0 

0  8.46 

80 

0 

1  2.31 

60 

0 

17 

0 

0  8.99 

81 

0 

1  2.84 

61 

0 

0  84.28 

18 

0 

0  0.52 

82 

0 

1  3.37 

62 

0 

0  34.84 

19 

0 

0  10.06 

88 

0 

1  3.9 

63 

0 

0  36.4 

20 

0 

0  10.58 

84 

0 

1  4.43 

64 

0 

0  35.97 

21 

0 

0  iT.n 

Q:z 
OO 

0 

1  4.96 

66 

0 

0  36.68 

22 

0 

0  11.61 

86 

0 

1  5.49 

66 

0 

0  87.09 

28 

0 

0  12.17 

87 

0 

1  r,.o2 

67 

0 

0  .37.65 

24 

0 

0  12.69 

88 

0 

I  6.56 

68 

0 

0  36.21 

25 

0 

0  18.22 

89 

0 

1  7.07 

69 

0 

0  88.7a 

26 

0 

0  13.75 

90 

0 

1  7.6 

70 

0 

0  39.34 

27 

0 

n  11.2S  ' 

1  m 

0 

I  8.13 

0 

0  39.9 

;  1 

11  ^  1  -1 

i'  ! 

]\ 

0 

1  0.46 
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Dimensione. 


Statntfi  content. 


Yardii. 

It 

p 

17  by  73 

0 

1 

74 

0 

1 

1.59 

76 

0 

1 

2.15 

76 

0 

1 

2  71 

77 

0 

1 

3.27 

78 

0 

1 

3.83 

7» 

0 

1 

4.4 

80 

0 

1 

81 

0 

1 

82 

0 

1 

6.08 

8a 

0 

1 

6.64 

84 

0 

1 

7.21 

85 

0 

1 

•  •  •  f 

86 

0 

1 

8.88 

87 

0 

1 

8.89 

88 

0 

1 

9.45 

89 

0 

1 

10.02 

0 

1 

10.58 

yi 

A 

V 

1 

11  \X 

92 

0 

I 

11.7 

93 

0 

1 

12.26 

0 

1 

12.83 

95 

0 

1 

13.89 

96 

0 

1 

13.95 

97 

0 

1 

14.51 

98 

0 

1 

15.07 

99 

0 

1 

15.64 

100 

0 

1 

16.2 

18  lor  18 

0 

0 

10.71 

19 

0 

0 

11.31 

20 

0 

0 

11.9 

21 

0 

0 

12.0 

22 

0 

0 

V 

13.09 

23 

0 

0 

13.69 

24 

0 

0 

14  28 

25 

0 

0 

14  8R 

26 

0 

0 

1.5  47 

27 

0 

V 

0 

28 

n 

V 

0 

J.  I/, 

29 

0 

0 

17.26 

80 

0 

0 

17,85 

81 

0 

0 

18.45 

n2 

0 

0 

19.04 

0 

0 

19.64 

34 

0 

0 

20.23 

85 

0 

0 

20.83 

86 

0 

0 

21.42 

87 

0 

0 

22.02 

88 

0 

0  22.61 

89 

0 

0 

28.21 

40 

0 

0 

23.8 

41 

0 

0 

24.4 

42 

0 

0 

24.99 

48 

0 

0 

25.59 

44 

0 

0 

26.18 

45 

0 

0 

26.78 

46 

0 

0 

27.87 

47 

0 

0 

27.97 

48 

0 

0 

28.56 

49 

0 

0 

29.16 

50 

0 

0 

29.75 

51 

0 

0 

30.35 

() 

ij 

0 

80.94 
31.54 

DimeiutisiBB, 

Statate  oontwt. 

Stetnte  ooutoit. 

Yards. 

A. 

R.  P. 

)fard8. 

A. 

K.  p. 

18  by  fr  l 

r\ 

0  6i,.\6 

10  by  36 

0 

0  22.61 

65 

0  32. 7 u 

37 

0 

0  23.24 

56 

r\ 

0 

38 

0 

0  23.87 

67 

0 

0  38.92 

39 

0 

0  24.0 

58 

A 

u 

A    0  4   f  1 

40 

0 

0  25.12 

59 

w 

41 

0 

0  25.76 

60 

0 

A  Of 
U  5o.7 

42 

0 

0  26.38 

l\ 

u 

<>/■  0 

r>n.(> 

43 

0 

0  27.01 

U 

1  i    Oi>  Oft 

44 

0 

0  27.64 

63 

u 

A    0*7  ..il  ft 

45 

0 

0  28.26 

64 

u 

46 

0 

0  28.89 

65 

U 

47 

0 

0  21).f'")3 

66 

U 

48 

0 

0  30. la 

67 

A 
V 

U  8v.o7 

49 

0 

0  80l78 

68 

A 

u 

1  0.46 

SO 

0 

0  81.4 

69 

A 

u 

1  l.Ub 

61 

0 

0  32.03 

70 

A 

0 

1  1.60 

52 

A, 

0 

0  88.66 

71 

A 
V 

1  2.25 

53 

0 

0  33.29 

72 

A 

u 

1  2.84 

54 

0 

0  33.92 

73 

A 

u 

1  0.44 

55 

0 

0  84.55 

74 

A 

0 

1  4.03 

66 

0 

0  35.17 

76 

w 

1  4*63 

57 

0 

0  3n.8 

76 

If 

1  0*2[2 

58 

0 

0  3().-]3 

77 

A 

u 

1  5.82 

59 

(t 

0  37.<»6 

78 

A 

1  6.41 

60 

0 

0  37.69 

79 

A 

1  7.01 

61 

0 

0  88.81 

80 

A 
U 

1  7.6 

62 

0 

0  38.94 

8J. 

A 
U 

1  OA 

1  8.2 

63 

0 

V  89.57 

82 

A 

1  8'7» 

64 

0 

1  0.2 

83 

A 

u 

1  3..iy 

65 

0 

I  0.83 

84 

A 

u 

1  y.yo 

66 

0 

1  l.-i.") 

85 

A 
U 

1  10. 

67 

0 

1  2.08 

86 

A 

u 

1  11.17 

68 

0 

1  2.71 

87 

0 

1  11.77 

69 

0 

1  8.34 

88 

A 

0 

1  12.36 

70 

0 

1  8.97 

89 

A 

V 

1  12.96 

71 

0 

1  4.6 

90 

A 
0 

1  18.65 

72 

0 

1  5.22 

91 

0 

1  14.15 

73 

0 

1  6.85 

92 

A 

u 

1  14.74 

74 

0 

J  6.48 

93 

A 

0 

1  15.34 

75 

0 

1  7.11 

94 

u 

1  I.J.Jo 

76 

0 

1  7.74 

95 

A 

0 

1  16. uu 

77 

0 

1  8.36 

96 

0 

1  17.12 

78 

0 

1  8.99 

97 

0 

1  17.72 

79 

0 

1  9.62 

98 

A 

1  18.81 

80 
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1    6  91 

40 

0 

1  4.96 

38 

0 

1  3.97 

44 

0 

1  s 

41 

0 

1  6.08 

89 

0 

1  6.12 

45 

0 

1    'J.  09 

•12 

0 

1  7.21 

40 

0 

1  6.28 

46 

0 

1  1  ( 1  1  s 

13 

0 

1  8.33 

41 

0 

I  7.44 

47 

A 

\I 

1  1 1  27 

44 

0 

1  9.46 

42 

0 

J.  8.6 

48 

A 
V 

1  IS  Sit 

46 

0 

1  10.68 

X  XVaVA# 

43 

0 

1  9.76 

49 

1  1  .'^  4.*; 

46 

0 

1  11  7 

44 

0 

1  10.*.)  I 

60 

V 

47 

0 

1  12.83 

45 

0 

I  12.07 

61 

A 
Vf 

48 

0 

1  13.95 

46 

0 

1  13.22 

52 

1  1 R  73 

49 

0 

1  1.5.07  ' 

47 

0 

1  14.38 

63 

50 

0 

1  1 G  2 

48 

0 

1  15.54 

64 

A 

v 

1  1  ft  91 

51 

0 

1  1 7  82 

49 

0 

1  16.69 

66 

A 
V 

62 

1  18  46 

50 

0 

1  17.85 

66 

A 

63 

A 

V 

1  19  67 

X    XV*  vf 

61 

0 

1  19.01 

67 

A 

54 

0 

1  ^69 

62 

0 

1  20.17 

68 

1    9^  97 

66 

A 
V 

1  91^2 

53 

0 

1  21.32 

69 

A 
V 

1  OA  46 

X  SX.OQ 

66 

A 
V 

1  OO  94 

64 

0 

1  22.48 

60 

A 
\J 

X 

57 

0 

65 

0 

I  23.64 

61 

A 
V 

1  9A 

58 

0 

1  25  19 

66 

0 

1  24.79 

62 

A 

Vf 

69 

0 

1  26  31 

67 

0 

1  25.96 

63 

A 
\J 

1  2ft  73 

60 

0 

1 

X 

68 

0 

1  27.11 

64 

A 

1  20  ft2 

61 

0 

V 

1  28.66 

69 

0 

1  28.26 

66 

0 

1  30.91 

62 

0 

1  29.69 

60 

0 

1  29.42 

66 

o 

V 

1  32 

63 

0 

1  30.81 

A  vv*w-x 

61 

0 

1  80.58 

67 

0 

1  38.09 

64 

0 

1  31.93 

62 

0 

1  31.74 

68 

0 

1  34.18 

66 

0 

1  33.06 

63 

0 

1  ^2.89 

69 

0 

1  85.27 

66 

0 

1  34.18 

64 

0 

i  31.05 

70 

0 

1  36.36 

67 

0 

1  35.31 

0 

1  35.21 

71 

0 

1  37.46 

68 

0 

1  36.43 

66 

0 

1  86.86 

70 
<jS 

0 

1  38.55 

0 

1  87.66 

67 

0 

1  87.52 

78 

0 

1  :^9.r>4 

70 

0 

1  38.68 

0 

1  38.68 

74 

0 

2  0,73 

71 

0 

1  39.8 

69 

0 

1  39.83 

76 

0 

2  1.82 

72 

0 

2  0.93 

70 

0 

2  0.99 

76 

0 

2  2.91 

73 

0 

2  2.05 

71 

0 

2  2.15 

77 

0 

2  4. 

74 

0 

2  3.17 

72 

0 

2  3.31 

78 

0 

2  6.09 

75 

0 

2  4.3 

73 

0 

2  4.46 

79 

0 

2  6.18 

76 

0 

%  6.42 

I  74 

0 

2  5.62 

80 

0 

2  7,27 

77 

0 

2  6.65 

'  75 

0 

2  6.78 
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DimBlinOlu. 

Statute  mntcnt. 

uimgnatQiit. 

Statute  eontait. 

IfUnVHWIVDHa 

Statute  content. 

A. 

R,  p. 

Yards. 

A. 

R  1'. 

Vard». 

A. 

It.  p. 

35  by  76 

0 

2  7.93 

36  by  76 

0 

2  9.2G 

37  by  76 

0 

2  11.74 

77 

0 

2  9.00 

76 

0 

2  10.46 

76 

0 

2  12.96 

78 

0 

2  10.23 

77 

0 

2  11.64 

77 

0 

2  14.18 

79 

0 

2  11.4 

78 

0 

2  12.83 

78 

0 

2  15.4 

80 

0 

2  12.66 

79 

0 

2  14.02 

79 

0 

2  16.63 

81 

0 

2  18.72 

80 

0 

2  15.21 

80 

0 

2  17.86 

82 

0 

2  11.88 

81 

0 

2  16.4 

81 

0 

2  19.07 

83 

0 

2  16.03 

82 

0 

2  17.69 

82 

0 

2  20.3 

84 

0 

2  17.19 

88 

0 

2  18.78 

83 

0 

2  21.62 

8fi 

0 

2  18.83 

84 

0 

2  19.97 

84 

0 

2  22.74 

86 

0 

2  I'j.r, 

8.' 

0 

2  21.16 

85 

0 

2  23.97 

87 

0 

2  20.66 

86 

0 

2  22.86 

86 

0 

2  25.19 

88 

0 

2  21.62 

87 

0 

2  23.54 

87 

0 

2  26.41 

89 

0 

2  22.t)8 

88 

0 

2  24.73 

88 

0 

2  27.64 

90 

0 

2  24.13 

89 

0 

2  25.92 

89 

0 

2  28.86 

91 

0 

2  25.2'J 

90 

0 

2  27.11 

90 

0 

2  .'^O.Og 

^ 

0 

2  26.46 

91 

0 

2  28.3 

91 

0 

2  81.81 

98 

0 

2  27.6 

92 

0 

2  29.49 

92 

0 

2  82.68 

94 

0 

2  28.76 

98 

0 

2  30.  ns 

93 

0 

2  38.75 

95 

0 

2  29.92 

94 

0 

2  81.87 

94 

0 

2  34.98 

96 

0 

2  81.07 

96 

0 

2  33.06 

95 

0 

2  36.2 

97 

0 

o  oo  Of; 

96 

0 

2  34.23 

96 

0 

2  r.7  i"' 

98 

0 

2  33.3y 

97 

0 

2  35.44 

97 

0 

2  ^b.til 

99 

0 

2  34.55 

98 

0 

2  36.63 

98 

0 

2  ^^;».s7 

100 

0 

2  85.7 

99 

0 

2  87.82 

99 

0 

8  1.09 

36  by  3B 

0 

1  2.84 

100 

0 

2  89.01 

100 

0 

8  2.31 

87 

0 

1  4.03 

37  by  37 

0 

1  5.26 

38  by  38 

0 

1  7.74 

88 

0 

1  6.22 

88 

0 

I  6.48 

39 

0 

1  8.yy 

89 

0 

1  6.41 

89 

0 

1  7.7 

40 

0 

1  10.25 

40 

0 

1  7.6 

40 

0 

1  8.93 

41 

0 

1  n.r, 

41 

0 

1  8.79 

41 

0 

1  10.15 

42 

0 

1  12.70 

42 

0 

I  9.98 

42 

0 

1  11.37 

43 

0 

1  14.02 

43 

0 

1  11.17 

43 

0 

1  12.6 

44 

0 

1  16.27 

44 

0 

1  12.36 

44 

0 

1  13.82 

46 

0 

1  16.53 

45 

0 

1  13.55 

45 

0 

1  15.04 

46 

0 

1  17.79 

46 

0 

1  14.74 

46 

0 

1  16.26 

47 

0 

1  19.04 

47 

0 

1  16.98 

47 

0 

1  17.49 

48 

0 

1  20.3 

48 

0 

1  17.12 

48 

0 

1  18.71 

49 

0 

1  21.55 

49 

0 

1  18.81 

49 

0 

1  19.93 

60 

0 

1  22.81 

60 

0 

1  19.6 

50 

0 

1  21.16 

51 

0 

1  24.117 

61 

0 

1  20.69 

51 

0 

1  22.88 

52 

0 

1  25.82 

52 

0 

1  21.88 

52 

0 

1  23.6 

63 

0 

1  26.68 

0 

1  23.07 

53 

0 

1  24.83 

54 

0 

1  27.83 

54 

0 

1  24.26 

64 

0 

1  26.06 

56 

0 

1  29.09 

66 

0 

1  26.45 

66 

0 

1  27.27 

66 

0 

1  30.36 

56 

0 

1  26.64 

66 

0 

1 2a6 

67 

0 

1  31. r. 

67 

0 

1  27.88 

67 

0 

1  29.72 

68 

0 

1  32.SG 

68 

0 

1  29.02 

68 

0 

1  30.94 

59 

0 

1  34.12 

59 

0 

1  ao.2i 

69 

0 

1  32.17 

60 

0 

1  36.87 

60 

0 

1  81.4 

60 

0 

1  33.i>y 

61 

0 

1  36.63 

61 

0 

1  32.6 

61 

0 

1  34.61 

62 

0 

1  37.88 

62 

0 

1  83.79 

62 

0 

1  35.83 

63 

0 

1  89.14 

63 

0 

1  84.96 

68 

0 

1  87.06 

64 

0 

2  0.4 

64 

0 

1  36.17 

64 

0 

1  38.28 

65 

0 

2  1.65 

65 

0 

1  37.86 

66 

0 

1  39.6 

66 

0 

2  2.91 

66 

0 

1  88.66 

66 

0 

2  0.78 

67 

0 

2  4.17 

67 

0 

1  39.74 

67 

0 

2  1.95 

68 

0 

2  .'5.42 

68 

0 

2  0.93 

68 

0 

2  8.17 

69 

u 

2  f;.*;n 

69 

0 

2  2.12 

69 

0 

2  4.4 

70 

0 

2  7.93 

70 

0 

2  .3.31 

70 

0 

2  5.62 

71 

0 

2  9.19 

71 

0 

2  4.5 

71 

0 

2  6.84 

72 

0 

2  10.46 

72 

0 

2  6.69 

72 

0 

2  8.07 

73 

0 

2  11.7 

73 

0 

2  6.88 

78 

0 

2  9.29 

74 

0 

2  12.96 

74 

0 

2  8.07 

74 

0 

2  10.51 

76 

0 

2  14.21 
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DIuniuIou. 

1 

Dlmeaatom. 

1 

Statute  con  ienL 

Dimuuloiu. 

Statata  eonteitt. 

X  ATCIB. 

A. 

it.  1'. 

A. 

K.  f. 

Yiit'ds. 

It.  I'. 

cut  hv  7ft 

0 

2  15.47 

wj'  lO 

0 

2  20.56 

An  w  at 

0 

2  2711 

77 

0 

2  16.78 

99 

0 

2  21.85 

OA 

0 

2  28.43 

7ft 

0 

2  17.97 

0 

2  23.14 

oo 

0 

2  29.75 

1  0 

0 

2  19.24 

fil 

0 

2  24.43 

o* 

0 

2  81.07 

an 
ov 

0 

2  20.5 

82 

0 

2  25.72 

OO 

0 

2  32.4 

fit 

0 

2  21.75 

83 

0 

2  27.01 

flit 

oo 

0 

2  33.72 

82 

0 

2  23.01 

84 

<j  * 

0 

2  28.3 

Of 

0 

2  35.04 

0 

2  24.21; 

0 

2  29.i39 

Oo 

0 

2  36.36 

84 

0 

2  25.52 

86 

0 

2  80.88 

fill 

0 

2  37.69 

0 

2  26.78 

87 

0 

2  32.17 

JKJ 

0 

2  39.01 

0 

2  28.03 

0 

2  33-45 

Q1 

0 

3  0.33 

Of 

0 

2  29.29 

89 

0 

2  84.74 

net 
92 

0 

3  1.65 

oo 

0 

2  da55 

90 

0 

2  86.03 

no 

uO 

0 

8  2.98 

89 

0 

2  31.8 

91 

0 

2  37.?^2 

QA 

0 

3  4.3 

0 

2  33.06 

92 

%JLJ 

0 

2  38.61 

<fO 

0 

3  5.62 

0 

2  34.31 

0 

2  39.9 

OA 

0 

3  6-94 

92 

0 

2  35.58 

94 

0 

3  1.19 

07 

vf 

0 

3  8-26 

0 

2  86.83 

0 

3  2.48 

0 

3  9.59 

1) 

2  38.08 

96 

0 

3  8.77 

09 

0 

3  10.91 

0 

2  a9.34 

97 

0 

3  6.06 

0 

3  12.23 

0 

8  0.6 

98 

0 

3  6.85 

4.1  Kv  41 

0 

1  15.57 

0 

3  1.85 

0 

3  7.64 

0 

1  if..;»r! 

98 

0 

3  8.11 

100 

0 

3  8.93 

0 

1  18.28 

99 

0 

3  4.36 

40  bv  40 
*M  "jr 

0 

1  12.89 

44 

0 

1  19.64 

lOf) 

0 

3  6.62 

41 

0 

1  14.21 

4i: 

0 

1  2a99 

!iO  bv  H') 

w*' 

0 

1  10.28 

0 

1  15.54 

4A 

0 

1  2285 

40 

0 

1  11.57 

0 

1  16.86 

47 

0 

1  28.7 

41 

0 

1  12.86 

44 

0 

1  18.18 

4ft 

0 

1  25.06 

4S 

0 

1  14.15 

0 

1  19.5 

itQ 

0 

1  2c>.-n 

43 

0 

1  15.44 

46 

0 

1  20.83 

OU 

0 

1  27.77 

44 

0 

1  16.78 

47 

0 

1  22.15 

OX 

0 

1  29.12 

45 

0 

1  18.0£ 

4A 

0 

1  23.47 

OS 

0 

1  80.48 

46 

0 

1  19.31 

0 

1  24-79 

OO 

0 

1  31.83 

47 

*• 

0 

1  20.6 

Ov 

0 

1  26.12 

RA. 

0 

1  83.19 

4S 

0 

1  21.38 

ffl 

0 

1  27.44 

Oo 

0 

1  84.55 

49 

0 

1  23.17 

0 

1  28.76 

0 

1  85.9 

60 

0 

1  24. 4G  , 

xJO 

0 

1  30.08 

Ol 

0 

1  87.26 

51 

0 

1  2r..7:j 

0 

1  31.4 

Oo 

0 

1  88.61 

52 

0 

1  27.04 

op 

0 

1  32.73 

Of 

0 

1  89.97 

W 

0 

1  28.33 

tut 

ow 

0 

1  34.05 

An 

0 

2  1.82 

64 

0 

1  29.62 

0 

1  35..37 

<ii 
01 

0 

2  2.68 

55 

0 

1  80.91 

Alt 

0 

1  36.69 

A9 

0 

2  4.03 

66 

0 

1  32.2 

0 

1  88.02 

DO 

0 

2  5.39 

67 

0 

1  38.49 

0 

1  39.34 

t>4 

0 

2  6.74 

68 

0 

1  84.78 

0 

2  0.66 

Aft 
DO 

0 

2  8.1 

69 

0 

1  30.07 

<} 

2  1.98 

DO 

0 

2  9.45 

eo 

0 

1  87.36 

fit 

0 

2  3.31 

0 

2  10.81 

€1 

0 

1  88.64 

fi4 

0 

2  4.63 

AC 
OO 

0 

2  12.17 

62 

0 

1  89.9.3 

0 

2  6.95 

CO 

0 

2  13.52 

63 

0 

2  1.22 

fiR 

0 

2  7.27 

7W 

0 

2  14.88 

64 

0 

2  2.51 

A7 

0 

2  8.6 

71 

0 

2  16.28 

f,r> 

0 

2  3.8 

68 

0 

2  9.92 

72 

0 

2  17.59 

66 

0 

2  5.09 

69 

0 

2  li.ii4 

<r<i 
10 

0 

2  1&U4 

67 

0 

2  6.38 

0 

2  12.56 

VA 

0 

2  20.3 

68 

0 

2  7.67 

71 

o 

2  lo.SS 

*9 

0 

69 

0 

2  8.96 

72 

■  4/ 

1  1 

j  15.21 

7A 
f  D 

0 

2  23.01 

70 

0 

2  10.25 

73 

1 1 

2  16.53 

77 

0 

2  24.3r. 

71 

0 

2  11.54 

74 

0 

2  17.85 

78 

0 

2  25.72 

7S 

0 

2  12.88 

75 

0 

2  19.17 

79 

0 

2  27.07 

73 

0 

2  14.12 

76 

0 

2  20.5 

80 

0 

2  28.43 

74 

0 

2  15.4 

77 

0 

2  21.82 

81 

0 

2  29.79 

75 

0 

2  16.69 

78 

0 

2  28.14 

82 

0 

2  31.14 

76 

0 

2  17.98 

79 

0 

2  2-1.46 

88 

0 

2  82.5 

77 

0 

2  19.27 

80 

0 

2  25.79 

84 

0 

2  83.85 
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Statute  couteot.  j 

Dmenjjioiia. 

Statute  <x>atcnt. 

Yiuis. 

A 

Varda. 

A. 

K. 

P. 

Yards. 

A. 

K.  P. 

41  by  80 

42  by  90 

A 

0 

A.  Oft 

43  bv  '.h:; 

II 

0  lb.46 

86 

Q 

91 

ft 
V 

ft 
0 

A 

D.Ov 

'  97 

i\ 
M 

8  17.00 

87 

A 

V 

92 

A 
V 

Q 

0 

98 

A 
V 

3  19.81 

88 

0 

98 

A 
U 

0 

99 

U 

3  20.73 

89 

0 

94 

A 

Q 

0 

lA  *ll 

100 

i\ 
V 

0  22.15 

'  90 

n 

V 

0  i..£'o 

95 

V 

Q 

0 

11.9 

44by44 

0 

1  24. 

91 

0 

V 

96 

n 

0 

45 

A 
U 

1  25.45 

92 

n 

V 

97 

U 

0 

0 

14. (>o 

46 

r\ 

u 

1  26.91 

93 

V 

'j<s 

u 

0 
0 

iu.W 

47 

u 

1  Zo.Jfi 

94 

A 
V 

51    7  4. 

99 

A 

0 

0 

17,40 

48 

0 

1  29.82 

95 

A 

V 

fl    ft  7A 
»    0.*  w 

100 

A 

a 

0 

49 

u 

1  31.27 

96 

A 

'  >   H„/.  1  ^ 

43  by  43 

A 
(  J 

i 

01.10 

50 

u 

1      00  "TO 

1  32.(3 

97 

A 
V 

44 

u 

1 

1 

61 

0 

1  84.18 

98 

A 

V 

45 

A 
V 

52 

Q 

1  aO«61 

99 

A 

\J 

0  1A  1ft 

46 

A 
U 

t 

63 

100 

A 
\J 

^  1 

0  JLO.*** 

47 

y) 

on  CI 

54 

0 

1  38.i>5 

421iy42 

A 
U 

1  10. ol 

48 

u 

1 

65 

0 

J  0. 

48 

fl 
V 

L  IV.  f 

49 

0 

1 

66 

0 

2  1.45 

4( 

V 

1  91  AO 

50 

A 

1 

ftl  AT 

57 

0 

A  2.91 

45 

1  a.niO 

51 

u 

t 

9a  .0 

68 

0 

a  4.0*) 

46 

A 
V 

1    9<l  ii7 

1  iaO.Oi 

52 

A 
V 

1 
1 

69 

0 

47 

A 
w 

1  20.S0 

63 

A 

1 

OR  OA 

60 

A 

0     ft  tir 

48 

A 
U 

t  Ofl  fid. 

54 

n 
U 

t 

00.70 

61 

0 

49 

U 

66 

K) 

t 

1 
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0 

3  16.8 

1 

0  6.45 

66 

0 

3  0. 

80 

0 

3  17.52 

96 

1 

0  8.2 

67 

0 

3  1.P2 

81 

0 

8  19.24 

97 

1 

0  9.95 

68 

0 

3  3.04 

82 

0 

3  20,96 

98 

1 

0  11.7 

69 

0 

3  5.45 

88 

0 

3  ^.68 

99 

1 

0  ia45 

70 

0 

3  7.27 

6i 

0 

3  24.4 

100 

1 

0  16.21 

71 

0 

8  9.09 

86 

0 

3  26.12 

54  by  64 

0 

2  16.4 

72 

0 

3  10.91 

86 

0 

3  27.83 

56 

0 

2  18.18 

73 

0 

3  12.73 

87 

0 

3  29.55 

66 

0 

2  19.97 

74 

•  * 

0 

8  14.66 

88 

0 

3  31.27 

67 

0 

2  21.75 

75 

0 

3  16.3G 

89 

0 

3  32.99 

68 

0 

2  23.51 

76 

0 

3  18.18 

90 

0 

3  34.71 

59 

0 

2  25.32 

77 

0 

3  20. 

91 

0 

3  36.43 

60 

0 

2  27.11 

78 

0 

8  21.82 

92 

0 

3  88.16 

61 

0 

2  28-89 

79 

0 

8  23.04 

93 

0 

3  39.P7 

62 

0 

2  30.68 

80 

() 

3  25.45 

94 

1 

6  1.69 

63 

0 

2  32.46 

81 

0 

3  27.27 

95 

1 

0  3.31 

64 

0 

2  84.25 

62 

0 

8  29.09 

90 

1 

0  5.02 

66 

0 

2  3r,.03 

83 

0 

3  30.91 

97 

1 

0  0.74 

66 

0 

2  37.82 

84 

0 

3  32.73 

98 

1 

0    8.  ■16 

67 

0 

2  39.6 

86 

0 

3  34.. 55 

99 

1 

0  10.18 

68 

0 

3  1.39 

86 

0 

3  30.30 

100 

1 

0  11.9 

69 

0 

3  8,17 

87 

0 

3  38- 18 

53  by  53 

0 

2  12-86 

70 

0 

3  4.96 

88 

1 

0  0. 

64 

0 

2  14.61 

71 

0 

8  6.74 

89 

1 

0  1.8Si 

65 

0 

2  16.36 

73 

0 

8  8.53 

90 

I 

0  8.64 

66 

0 

2  18.12 

73 

0 

3  10.31 

91 

1 

0  6.46 

67 

0 

2  19.87 

74 

0 

3  12.1 

92 

1 

0  7.»r 

68 

0 

2  21.62 

75 

0 

3  13.88 

as 

1 

0  9.09 

69 

0 

2  23.37 

76 

0 

3  15.67 

94 

1 

0  10,91 

60 

0 

2  26.12 

77 

0 

3  17.45 

1 

0  12.73 

61 

0 

2  26.88 

78 

0 

3  19.24 

1 

0  14.65 

62 

0 

2  28.63 

79 

0 

3  21.(3 

97 

98 

1 

0  16.86 

63 

0 

2  30.88 

80 

0 

3  22.81 

1 

0  18.18 

64 

0 

2  32.13 

81 

0 

3  24.6 

99 

1 

0  20. 

65 

0 

2  33.88 

82 

0 

3  26.38 

100 

1 

0  21.82 

0 

2  35.64 

83 

0 

8  28.17 

Bfi  66 

UM 

0 

8  28.67 

67 

0 

2  37.39 

84 

0 

3  29.95 

ST 

0 

2  25.62 

68 

0 

2  39.14 

85 

0 

3  31.74 

0 

2  27.37 

69 

0 

3  0.89 

86 

0 

3  3:^",:^ 

69 

0 

2  29.22 

70 

0 

8  2.64 

87 

0 

8  35.31 

60 

71 

0 

3  4.4 

88 

0 

3  87.09 

61 

0 

2  32.93 

72 

0 

3  €.16 

89 

0 

3  38.88 

62 

0 

2  34.78 

73 

0 

3  7.9 

90 

1 

0  0.66 

63 

0 

2  86.63 

74 

0 

3  9.65 

91 

1 

0  2.46 

64 

0 

2  88.48 

76 

0 

3  11.4 

92 

I 

0  4.23 

65 

0 

3  0.33 

76 

0 

3  13.16 

93 

1 

0  6.02 

66 

0 

3  2.18 

77 

0 

3  14.91 

'J4 

1 

0  7.8 

67 

0 

3  4.08 

78 

0 

3  16.66 

95 

1 

0  9.59 

68 

0 

3  6.88 

79 

0 

8  18.41 

96 

1 

0  11.37 

69 

0 

3  7.74 

80 

0 

3  20.17 

97 

1 

0  13.10 

70 

0 

3  9.69 

81 

0 

3  21.92 

96 

1 

0  14.94 

71 

0 

3  11.44 

82 

0 

8  23.67 

99 

1 

0  16.73 

72 

0 

8  18.29 
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DimcnaioDS. 

Statute  conteat. 

Statute  contiJiiU 

j  DiiiieiifcionB, 

1  Statute  content. 

 V  A  

li.  I'. 

A. 

K.  I' 

Y  sirdB 

A. 

K.  v. 

Ka  w  78 

0 

8  lo.l  t 

'V7  bv  93 

1 

0  ir>.2  i 

fi9  tnr  72 

0 

8  20.48 

74 

8  16.99 

94 

1 

0  17.12 

78 

0 

A    AA  A  A 

3  22.88 

75 

0 

8  18.84 

95 

1 

0  19.01 

74 

A 

0 

A    A  .J  AA 

8  24.88 

76 

0 

3  20.r.9 

96 

1 

0  20.89 

75 

0 

A  A  A  A 

3  26.28 

77 

0 

3  22.55 

97 

1 

0  22.78 

76 

0 

3  28.23 

78 

0 

3  24.4 

98 

1 

0  24.Gti 

77 

0 

3  80.18 

79 

0 

3  26<25 

99 

1 

0  26.  O.J 

78 

0 

3  32.13 

80 

0 

3  28.1 

100 

1 

0  28.43 

7f» 

0 

3  34.08 

81 

0 

3  29.95 

RQ  bv  58 

0 

2  31.21 

80 

0 

3  36.03 

S2 

0 

3  81.8 

59 

0 

2  33.12 

81 

0 

3  37.98 

88 

0 

8  38.65 

60 

0 

2  85.04 

82 

0 

8  89.98 

84 

0 

8  35.5  . 

61 

0 

2  36.9r) 

83 

1 

0  1.88 

86 

0 

3  37.36 

62 

0 

2  38.88 

H4 

I 

0  3.83 

86 

0 

8  89.81 

68 

0 

8  0.79 

8/; 

1 

0  5.79 

87 

1 

0  1.06 

64 

0 

3  2.71 

86 

1 

0  7.74 

88 

1 

0  2.91 

66 

0 

3  4.G3 

87 

1 

0  9.69 

89 

1 

0  4.76 

66 

0 

8  r..5.) 

88 

1 

0  11.64 

do 

1 

0  6.61 

67 

0 

8  8.46 

89 

1 

0  13,59 

91 

I 

0  8.46 

68 

0 

8  10.88 

90 

1 

0  15.54 

92 

I 

0  10.31 

69 

0 

3  12.8 

91 

1 

0  17.49 

93 

1 

0  12.17 

70 

0 

8  14.21 

92 

1 

0  19.44 

94 

1 

0  14.02 

71 

0 

8  16.13 

93 

1 

0  21.89 

95 

1 

0  15.87 

72 

0 

8  18.05 

94 

1 

0  23.84 

96 

1 

0  17.72 

73 

0 

8  19.97 

95 

1 

0  25.89 

97 

1 

0  19.57 

74 

0 

3  21.88 

96 

1 

0  27.24 

98 

1 

0  21.42 

75 

0 

3  23.8 

97 

I 

0  29.19 

99 

1 

0  28.27 

76 

0 

8  25.72 

98 

1 

0  81.14 

100 

1 

0  25.12 

77 

0 

8  27.64 

99 

1 

0  33.09 

En  w»  Kj 

0 

2  27.4 

78 

0 

3  29.55 

100 

1 

0  35.(Hl 

58 

0 

2  29.29 

79 

0 

8  81.47 

SO  by  60 

A 

0 

2  89.01 

59 

0 

2  31.17 

80 

0 

3  33.39 

61 

0 

3  0.99 

60 

0 

2  33,06 

81 

u 

3  35.31 

62 

0 

3    2  98 

€1 

0 

2  34.94 

82 

0 

3  37.22 

63 

/"V 

0 

3  4.96 

62 

0 

2  36.83 

83 

0 

3  39.14 

64 

0 

A         A  €\S 

3  6.94 

68 

Q 

2  38.71 

84 

1 

0  l.Oi) 

65 

0 

n       fS  AA 

3  8.98 

64 

0 

3  0.6 

85 

1 

0  2.93 

66 

0 

3  10.91 

65 

u 

8  2.48 

86 

1 

0  4.89 

67 

0 

3  12<89 

66 

0 

A        A  AA 

8  4.36 

87 

I 

A        A  A4 

0  6.81 

68 

A 

0 

8  14.88 

67 

0 

3  6.25 

88 

1 

0  8.(3 

69 

0 

A     1  /»  AA 

68 

0 

3  8.13 

89 

1 

0  10.64 

70 

0 

3  18.84 

69 

0 

A    4  A  AA 

8  10.02 

90 

1 

A.    4  A  fvA 

0  12.56 

71 

A 

0 

A    AA  AA 

8  20.83 

70 

0 

8  11.9 

91 

1 

0  14.48 

72 

0 

A      AA  Al 

3  22.81 

71 

0 

8  13.79 

92 

1 

0  16.4 

73 

0 

3  24.79 

72 

0 

3  15.67 

93 

1 

0  18.31 

74 

0 

8  26.78 

78 

0 

8  17.55 

94 

1 

0  20.23 

75 

A 

0 

n  A^ 

8  28.76 

74 

0 

8  19.44 

95 

1 

A    An  4  «i 

0  22.15 

76 

A 

0 

A    4iA  Tit 

75 

0 

A  AA 

8  21.82 

96 

■"I 

1 

0  24.07 

77 

0 

A    AO  'TO 

76 

0 

O   AO  A"! 

8  28.21 

97 

1 

0  2o.93 

78 

0 

A  '71 

8  34.71 

77 

0 

A    AJf  /\A 

8  25.09 

96 

1 

A      AM  A 

0  27.9 

79 

0 

A    Ai^  ^tfk 

8  86.69 

78 

0 

3  26.98 

99 

1 

0  ";'."!5 

80 

0 

3  So.09 

79 

0 

3  28.86 

100 

1 

0  31.74 

81 

1 

0  0.66 

80 

0 

3  80.74 

59  by  59 

0 

2  35.07 

82 

1 

0  2.64 

81 

0 

3  32.f^3 

60 

0 

2  87.02 

83 

1 

0  4.68 

82 

0 

3  84.51 

61 

0 

2  88.98 

84 

1 

0  6.61 

83 

0 

3  36.4 

62 

0 

3  0.93 

85 

1 

0  8.6 

84 

0 

3  88.28 

63 

0 

3  2.88 

86 

1 

0  10.58 

85 

1 

0  0.17 

64 

0 

8  4.83 

87 

1 

0  12.56 

86 

1 

0  2.05 

65 

0 

8  6.78 

88 

1 

0  14.55 

87 

1 

0  8.93 

66 

0 

3  8.73 

39 

1 

0  16.53 

88 

I 

0  5.82 

67 

0 

8  10.68 

90 

1 

0  18.51 

89 

1 

0  7.7 

68 

0 

8  12.68 

9! 

1 

0  20.5 

90 

1 

0  9.59 

69 

0 

3  14.58 

1 

0  22.48 

91 

1 

0  11.47 

70 

0 

3  lG.,'i3  1 

93 

1 

0  24.46 

92 

1 

0  18.36 

71 

0 

3  18.48  1 

94 

1 

0  26.45 

252  TABLES  OF  LAND  HBASURE; 


1  Dimeanous. 

Statute  coiiteat. 

J^meosioDs. 

1 

Btatate  ooDteDt 

DimeDBions. 

SUitute  content. 

1  Yards. 

A. 

K.  !». 

Yards. 

A. 

R.  p. 

If  arils. 

A. 

R.  p. 

pO  t*y 

1 

0  28.43 

M  Imv  fin 

m  by  M) 

1 

0  8.97 

Oft  Dy  "J 

0 

8  25.98 

1  QC 

1 

0  30.41 

Of 

1 

0  r..03 

0 

3  28.1 

1 

0  32.4 

OO 

OZ 

1 

0  8.07 

i  1 

0 

3  80.21 

Jo 

1 

0  84.38 

OO 
OO 

1 

0  10.12 

TO 

0 

8  32.33 

no 

1 

0  86.36 

84 

1 

0  12.17 

lo 

0 

3  84.45 

1 

0  38.35 

OK 

80 

1 

0  14.21 

74 

0 

3  86.56 

61  by  61 

0 

3  3.01 

OD 

1 

0  16.26 

lO 

0 

3  38.68 

AO 

0 

3  5.02 

o7 

1 

0  18.31 

TH 
4q 

1 

0  0.79 

AO 
DO 

0 

8  7.04 

OO 
OO 

1 

0  20.86 

11 

1 

0  2.91 

oi 

0 

8  9.06 

oo 
89 

1 

0  22.41 

TQ 
lO 

1 

0  5.02 

OO 

0 

3  11.07 

W 

1 

0  24.46 

7Q 

1  y 

1 

0  7.14 

CO 

OO 

0 

3  13.09 

91 

1 

0  26.51 

QA 

1 

0  9.26 

o7 

0 

a  15.11 

AO 
9S 

1 

0  28.56 

fit 

1 

0  11.37 

AO 
DO 

0 

3  17.12 

QO 

yo 

1 

0  30.61 

Ml 

oa 

1 

0  13.49 

CJ 

0 

3  19.14 

94 

1 

0  32.66 

OO 

1 

0  15.6 

7v 

0 

3  21.16 

OK 

W 

1 

0  34.71 

OA 

04 

1 

0  17.72 

71 

0 

8  23.17 

OA 
9D 

1 

0  86.76 

OO 

1 

0  19.88 

TO 

7a 

0 

3  25.19 

07 

1 

0  38.81 

OO 

1 

0  21.95 

i  A 

0 

3  27.21 

yo 

1 

1  0.86 

1 

0  24.07 

i  \ 

0 

3  29.22 

QO 

1 

1  2.91 

OO 

1 

0  26.18 

i  o 

0 

3  31.24 

1  AA 

1 

1  4.90 

fiQ 
Off 

1 

0  28.3 

i  6 

0 

3  88.26 

Do  oy  68 

0 

8  11.21 

1 

0  30.41 

77 

0 

3  85.27 

cj 
64 

0 

3  13.29 

Ol 
VI 

1 

0  32.58 

78 

0 

3  87.29 

65 

0 

8  15.37 

OO 

1 

0  34.64 

78 

0 

8  89.81 

66 

0 

8  17.45 

Oft 
90 

1 

0  86.76 

OA 

1 

0  1.82 

Cf 

67 

0 

3  19.54 

1 

0  38.88 

ol 

1 

0  8.81 

CQ 

OO 

0 

3  21.62 

QC 

yo 

1 

1  0.99 

OO 

1 

0  5.86 

AQ 

69 

0 

8  28.7 

I'u 

1 

1  8.11 

QQ 
OO 

1 

0  7.37 

7U 

0 

3  25.79 

Q!7 
91 

1 

1  5.22 

o4 

1 

0  9.39 

71 

0 

3  27. F7 

QO 

VO 

1 

1  7.34 

OO 

1 

0  11.4 

TO 

0 

3  29.95 

QQ 

1 

1  9.45 

<IA 

OO 

1 

0  13.42 

(TO 

0 

3  32.03 

1 

1  11.57 

OT 
Of 

1 

0  15.44 

<4 

0 

8  84.12 

0 

8  19.67 

o  ^ 
iSm 

1 

0  17.46 

76 

0 

3  36.2 

DO 

0 

3  21.82 

by 

1 

0  19,47 

fTA 

76 

0 

3  38.28 

C7 
Xii 

0 

8  28.97 

on 

1 

0  21.49 

ITT 

1 

0  0.36 

AO 
OO 

0 

8  26.12 

1 

0  23.5 

lO 

1 

0  2.45 

oy 

0 

3  2R.2r-, 

1 

0  25.52 

TO 

I 

0  4.53 

7(1 

0 

3  30.41 

yo 

1 

0  27.54 

oU 

1 

0  6.61 

71 

0 

3  82.56 

y* 

1 

0  20.55 

Ml 

1 

0  8.69 

IS 

0 

3  84.71 

yo 

1 

0  ai.57 

O.J 

1 

0  10.78 

VR 
tO 

0 

8  86.86 

96 

1 

0  88.59 

<So 

1 

0  12.  S6 

74 

0 

3  39.01 

j»7 

1 

0  85.6 

O.I 

1 

0  14.94 

7t» 

1 

0  1.16 

AO 

1 

0  87.62 

85 

1 

0  17.02 

1 

0  8.31 

yj 

1 

0  89.64 

OA 

86 

1 

0  19.11 

1 

0  5.45 

100 

1 

1  1.65 

87 

1 

0  21.19 

7b 

0  7.6 

18  by  62 

0 

8  7.07 

OO 

88 

1 

0  23.27 

7Q 

79 

1 

0  9.75 

63 

0 

3  9.12 

Oft 

89 

1 

0  25.36 

oU 

1 

0  11.9 

64 

0 

8  11.17 

90 

1 

0  27.44 

Ol 

ol 

1 

0  14.05 

6o 

0 

3  13.22 

1 

0  29.52 

oo 

OlS 

1 

0  1G.2 

66 

0 

8  15.27 

92 

1 

0  31.6 

OO 
OO 

1 

0  18.35 

67 

0 

8  17.82 

-  98 

1 

0  88.69 

84 

1 

0  2a5 

6S 

0 

3  19.37 

94 

1 

0  35.77 

OC 
OO 

1 

0  22.64 

69 

0 

3  21.42 

Q^ 

1 

0  37.85 

OO 

1 

0  24.79 

70 

0 

8  28.47 

96 

1 

0  89.98 

QT 

J 

0  26.94 

71 

u 

Or 
97 

T      O  A9 

72 

0 

3 

OQ 

1 

1  4.1 

oy 

0  81.24 

73 

0 

3  2'J.G2 

99 

1 

1  6.18 

90 

0  83.39 

74 

0 

3  31.67 

'  100 

1 

1  8.26 

91 

0  85.54 

75 

0 

8  88.72 

64  by  64 

0 

8  15.4 

92 

0  87.69 

76 

0 

3  35.77 

65 

0 

3  17.52 

93 

0  89.83 

77 

0 

3  37.82 

66 

0 

3  19.64 

94 

1  1.98 

78 

0 

8  39.87 

67 

0 

3  21.75 

96 

1  4.18 

79 

1 

0  1.92 

68 

0 

3  23.87 

96 

1  6.28 
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DlDMMiOlia. 

Statate  ooMMit. 

i  nlimmtinf 

StatiiM  content 

Imiwimwiiiili 

Stttnto  ooBlnt. 

A 

At 

a.     1  • 

A. 

U  ] 
A.  i 

A 

It.  3L, 

65  byd7 

1 

67  by  n 

1 

1  3.77 

69  by  91 

I 

1  7.57 

98 

1 

1  10.08 

93 

1 

1  5.98 

92 

1 

1  9.85 

99 

1 

1  12.73 

94 

1 

1  8.2 

93 

100 

1 

1  14.83 

95 

1 

1  10,41 

94 

1 

1  14.41 

86  by  66 

0 

3  24. 

96 

1 

1  12.63 

95 

1  16.69 

67 

0 

8  26.18 

97 

1 

1  14.84 

X    X  ••W* 

96 

1  18.98 

68 

0 

8  28.86 

98 

1 

1  17.06 

97 

1  21.26 

X    JVX  *4m  \f 

0 

8  ao.s5 

99 

1 

X 

1  19  27 

98 

1  23  54 

70 

0 

8  82  78 

100 

1 

X 

1  21  48 

99 

1  26  82 

X   Ml/  • 

71 

0 

3  34.91 

681>7  68 

0 

3  32  86 

100 

1  28  1 

72 

0 

8  .*i7  09 

m 

0 

3  35.11 

70  by  70 

0    1  98 

73 

0 

8  39  27 

70 

0 

3  37.:}6 

71 

0  4.3 

74 

0  1.45 

71 

0 

3  3'J.G 

72 

ft    6  61 

75 

0   8  64 

72 

1 

0   1  85 

73 

0  8.98 

76 

0  5.82 

78 

0  4.1 

74 

0  11.24 

V  X*«*fTC 

77 

0  8 

74 

0  6.33 

75 

1 

0  18.55 

78 

0  10.18 

75 

0  8.6 

76 

0  15.87 

79 

0  12.86 

76 

J 

0  10.84 

77 

0  18.18 

80 

1 

0  14 

77 

0  13.09 

78 

2 

0  20.5 

81 

0  i(>.7;> 

78 

1 

0  15.34 

79 

2 

0  22.81 

82 

0  I8.1M 

79 

0  17.59 

80 

2 

0  25.12 

83 

f 

80 

0  19.83 

81 

1 

0  27.44 

84 

0  2327 

81 

0  22.06 

82 

1 

0  29.75 

85 

r 

0  2o.4.'> 

82 

0  24.?,3 

83 

0  32.07 

86 

1 

f 

0  27  64 

83 

0  26.58 

84 

1 

0  34.38 

87 

0  2982 

84 

0  28.83 

85 

2 

0  3i:;.69 

88 

ft  32 

85 

0  81.07 

86 

2 

0  89.01 

89 

ft  34  1 8 

86 

0  33.82 

87 

2 

I  1.82 

90 

ft  86  36 

87 

1 

0  95.67 

88 

2 

1  8.64 

91 

ft  88.55 

88 

1 

0  37.82 

89 

1 

1  5.95 

92 

r 

1  0-78 

89 

1 

1  0.07 

90 

« 

1  8.26 

98 

1 

1  2.91 

90 

^ 

I  2.31 

91 

2 

I  10.58 

94 

1 

1  5.09 

91 

J 

1  4.56 

92 

1 

1  12.89 

96 

1  7.27 

92 

1  6.81 

93 

2 

1  15.21 

1  0.4.5 

93 

1  9.06 

94 

2 

1  17.62 

97 

1 

1  11.64 

94 

1 

1  11.51 

95 

2 

1  19.83 

98 

- 

95 

1 

1  13..55 

96 

2 

1  22.15 

99 

1  16- 

96 

J 

1  15.8 

97 

. 

1  24.46 

100 

- 

1  18-18 

X  XCT»Av? 

97 

1 

1  18.06 

98 

1 

1  26.78 

J7by67 

V 

98 

1  20.3 

99 

2 

1  2ft. 09 

68 

V 

3  30.61 

99 

1  22..55 

100 

1  ai.4 

69 

0 

8  32  83 

lOO 

1  24.79 

71  by  71 

1 

0  6.f54 

70 

ft 

3  85.01 

69  by  59 

3  37.3U 

72 

1 

0  8.99 

71 

0 

3  37.26 

70 

3  39.67 

73 

H 

0  11 ,84 

72 

3  39.47 

71 

0  1.95 

74 

2 

0  13.fi  9 

78 

1 

0  1.69 

72 

0  4.28 

76 

1 

0  16.03 

74 

1 

0  3.9 

73 

0  6.51 

7& 

■t 

0  18.38 

75 

I 

0  6.12 

74 

0  8.79 

77 

2 

0  20.78 

76 

1 

0  8.33 

75 

0  n.07 

78 

2 

0  23.07 

77 

1 

0  10.65 

76 

0  i3.3e; 

79 

2 

0  2.5.42 

78 

1 

0  12.76 

77 

0  15.61 

80 

2 

0  27.77 

7  "J 

1 

0  14.98 

78 

1 

0  17. U2 

81 

2 

0  30.12 

8fl 

I 

0  17.19 

79 

0  20.2 

82 

0  32.46 

81 

1 

0  19.4 

80 

0  22.48 

88 

0  84.81 

82 

1 

0  21.62 

81 

0  24.76. 

84 

J 

0  37.16 

83 

1 

0  2.*^. 83  ■ 

82 

1 

0  27.01 

85 

1 

0  89.5 

84 

1 

0  26.05 

83 

0  29.82 

86 

1  1.85 

85 

1 

0  28.26 

84 

0  31.6 

87 

1  4.2 

Ov 

1 

0  30.48 

83 

0  83.  H8 

88 
00 

1  6.55 

87 

1 

0  32.69 

86 

0  86.17 

89 

1  8.89 

88 

1 

0  ;u.s)i 

87 

0  88.45 

90 

1  11.24 

89 

1 

0  37.12 

88 

1  0.73 

91 

1  18.59 

90 

1 

0  89.34 

89 

1  3.01 

92 

1  16.93 

91 

1 

1  1.55 

90 

I  6.29 

98 

1  18.28 

254  TiELES  OF  LAND  MEASUBB. 


DiimwirffwM, 

BtatntA  content.  1 

Bttittote  content. 

litMute  content. 

YmnI*. 

A.  tt,  F. 

Yanlt. 

A. 

K.  P. 

Yanls. 

A. 

K.  V. 

n  by  94 

1  1  20.68 

74  by  74 

0  21.02 

78  by  87 

1 

1  18.58 

95 

1  1  2S.98 

75 

0  23.47 

88 

1 

1  21.09 

96 

1    1  26.39 

76 

J 

0  25.92 

89 

1 

1  23.6 

'.•7 

1    1  27.67 

77 

J 

0  28.:?G 

90 

1 

1  26.12 

98 

1    1  30.02 

78 

0  80.81 

91 

1 

1  2^68 

99 

1    1  32.36 

79 

1 

0  83.26 

92 

1 

1  81.14 

100 

1    1  34.71 

80 

J 

0  35.7 

93 

1 

1  38.65 

73  by  72 

1    0  11.87 

81 

0  88.15 

94 

1 

1  36.17 

78 

1   0  18.75 

82 

1  0.6 

95 

1 

1  88.68 

74 

1    0  16^18 

83 

1  n.04 

96 

1 

2  1.19 

76 

1    0  18.61 

81 

1  5.19 

97 

1 

2  3.7 

7« 

1    0  20.89 

85 

I 

1  7.93 

98 

1 

2  r,.2i 

77 

1    0  23.27 

86 

1  10.38 

99 

1 

2  8.73 

78 

1    0  2.'}. 6, J 

87 

1  12.S3 

100 

1 

2  11.24 

79 

1    0  2<S.03 

88 

1  15,27 

77  by  77 

0  86. 

80 

1   0  80.41 

89 

1  17.72 

78 

0  88.55 

81 

1   0  82.79 

90 

1  20.17 

79 

1  1.09 

83 

1   0  35.17 

91 

1  22.61 

80 

1  3.G1 

88 

1   0  37.00 

92 

1  25.06 

81 

1  6.18 

84 

1   0  89.98 

93 

1  27.5 

82 

1 

1  8.73 

85 

1   1  2.81 

94 

1  29.95 

88 

1  11.27 

86 

1   1  4.69 

95 

J 

1  32.4 

84 

1 

1  13.82 

87 

1   1  7.07 

96 

1  34.84 

85 

1  ir>.3(3 

88 

1   1  9.4S 

97 

1  ,'?7.29 

86 

\ 

1  18.91 

89 

1    1  11.83 

98 

1  39.71 

87 

\ 

1  21.45 

90 

1   1  14.21 

99 

2  2.18 

88 

\ 

1  24. 

91 

1    1  16.6 

loo 

2  4.68 

89 

1  26.55 

92 

1   1  18.98 

76  by  75 

1 

0  25.95 

90 

1  29.09 

O.'i 

1   1  21.36 

76 

0  28.4-? 

91 

1  31.64 

'.M 

1    1  23.74 

77 

I 

0  30.91 

92 

1 

1  34.18 

','5 

1    1  26.12 

78 

J 

0  88.89 

93 

1  36.73 

96. 

1    1  28.5 

79 

0  35.87 

94 

1 

1  39.27 

97 

1    1  30.88 

80 

0  38.35 

95 

I 

2  1.82 

98 

1    1  33.26 

81 

1  0.83 

96 

I 

2  4.36 

99 

1   1  85.64 

82 

1  8.81 

97 

2  6.91 

100 

1   1  88.02 

88 

1  6.79 

AA 

98 

2  9.45 

73  by  73 

1    0  16.17 

84 

1  8.26 

AA 

99 

2  12. 

74 

1   0  I8.5B 

86 

1 

1  10.74 

100 

2  14.55 

75 

1   0  20.99 

86 

1  18.22 

78  by  78 

1  1.12 

76 

1   0  23.4 

87 

1 

1  15.7 

79 

1  3.7 

77 

1   0  25.82 

88 

1 

1  18.18 

80 

1  C.28 

78 

1   0  28.28 

89 

1 

1  20.66 

81 

1  8.86 

79 

1   0  80.64 

90 

1 

1  23.14 

1  11.44 

80 

1  0  88.06 

91 

1 

1  25.62 

88 

1  14.08 

81 

1    0  35.47 

92 

1 

1  28.1 

84 

1  16.6 

82 

1   0  87.88 

98 

1 

i  30.58 

65 

1  19.17 

83 

1   1  0.8 

94 

1 

1  88.06 

86 

1  21.75 

84 

1    1  2.71 

95 

1 

1  85.64 

87 

\ 

1  24.33 

85 

1    1  5.12 

96 

1 

1  88.02 

88 

X 

1  26.91 

8(> 

1    1  7.54 

97 

1 

2  0.5 

89 

\ 

1  29.49 

87 

1    1  9.95 

98 

1 

2  2.98 

90 

1 

1  82.07 

88 

1    1  12.36 

yy 

1 

2  6.45 

91 

\ 

1  84.64 

89 

1    1  14.78 

100 

1 

2  7.93 

92 

\ 

1  37.22 

90 

1   1  17.19 

76  by  76 

1 

0  80.94 

93 

1 

1  39.8 

91 

1   1  19.6 

77 

1 

0  83.45 

91 

1 

3  2.38 

92 

1    1  22.02 

78 

1 

0  35.97 

96 

2  4.96 

93 

1   1  24.43 

79 

1 

0  38.48 

96 

2  ISA 

94 

1  1  26.84 

80 

1 

1  0.99 

97 

2  10.12 

95 

1   1  29.26 

81 

1 

1  8.5 

98 

2  12.69 

96 

1    1  31.67 

82 

1 

1  6.02 

9'J 

2  15.27 

97 

1    1  34.08 

83 

1 

1  8,53 

100 

2  17.85 

98 

1    1  36.5 

84 

1 

1  11.04 

79  by  79 

1  6.81 

99 

1    1  38.91 

1  ^ 

1 

1  18.55 

80 

1  8.98 

100 

1    2    1 M 

I  86 

1 

1  16.07 

81 

1  11.54 
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DimensioiiB. 

Statute  content. 

DimenfioDt. 

Statute  oonteat. 

DimeiuiouB. 

Statute  content. 

i.8rav« 

A.  Jl«  It. 

A      K  P 

79  bv  82 

1    1  14.15 

fiS  bv  86 

1    I  33.12 

A         &    VV*X  M 

85  by  99 

1    2  38.18 

83 

1    1  16.76 

87 

1    1  .^5  «3 

100 

1    3  0.00 

84 

1    1  I'J  'in 

88 

1     1  88  fiTi 

8fi  bv  86 

1    2  1.5 

85 

1    1  21.98 

1    2  120 

87 

1    2  7.31 

86 

1    1  246 

90 

1    2  3.97 

88 

1  2  10.18 

87 

1    1  27  21 

91 

1   2  6.68 

89 

1   2  18.02 

88 

1    1  29  82 

92 

1   2  9.89 

90 

1    2  15.87 

89 

1    1  32.43 

93 

•1   2  12.1 

91 

1   2  18.71 

90 

1    1  85.04 

94 

1    2  14.81 

92 

1   2  21.55 

91 

1    1  87.65 

1    2  17.52 

98 

1    2  24.1 

92 

1    2  0.26 

96 

1    2  20.23 

94 

1    2  27.21 

98 

1    2  2.88 

97 

1    2  22. 'Jl 

95 

1    2  30.08 

94 

1   2  5.49 

98 

1    2  25  65 

96 

1    2  32.93 

95 

1    2  8.1 

99 

1    2  28  36 

97 

1    2  86.77 

96 

1    2  10.71 

100 

1    2  31.07 

98 

1    2  88.61 

97 

1   2  13.32 

H3  bv  83 

^^^^ 

1    1  27.74 

X        A    «il  «ff  V 

99 

1   3  1.45 

98 

1   2  15.93 

84 

1    1  80.48 

100 

1   8  4.8 

99 

1    2  18.65 

85 

1    1  38.22 

87  bv  87 

1   2  10.21 

X        M  XV*AJJL 

100 

1    2  21.16 

86 

1    1  35.97 

88 

1    2  18.09 

M)  by  80 

1    1  11.57 

87 

1    1  38.71 

89 

1    2  15.97 

81 

1    1  11.21 

88 

L    '?    1.1  ">  ' 

90 

1    2  18.84 

b2 

1    11 6.86 

89 

I    2  4.2 

'Jl 

1   2  21.72 

83 

1    1  1  !).;■> 

90 

1    2    6  94 

92 

1   2  24.6 

84 

1    1  22.15 

91 

1    2  9.69 

98 

1   2  27.47 

86 

1    1  24.79 

92 

1    2  12.48 

94 

V  X 

1   2  80.36 

86 

1    1  27.44 

93 

1    2  15.17 

95 

1   2  83.22 

87 

1    1  80.08 

94 

1    2  17.92 

X       ^   X  t  « vmm 

96 

1    2  36.1 

88 

1    1  82.73 

96 

1    2  20.66 

X        St  MV«W 

97 

1    2  .38.98 

89 

1    1  35.37 

96 

1    2  23.4 

98 

1    3  1.S5 

90 

1    1  38.02 

97 

99 

1    3  1.73 

91 

1    2  066 

98 

100 

1    3  7.6 

92 

1    2  3.31 

A        mm  V* 

99 

1    2  31  64 

88  bv  88 

1   2  16. 

98 

1   2  5.96 

100 

1    2  84.38 

89 

1  2  18.91 

91 

1   2  8.6 

84  by  S4 

1    1  ?,?,  26 

90 

1   2  21.82 

95 

1   2  11.24 

85 

1    1  36.03 

X       X   w»  w 

91 

1  2  24.73 

98 

1   2  18.88 

86 

1   1  38.81 

92 

1   2  27.64 

A       mm   mm%  •vaE 

97 

1   2  16.53 

87 

1    2  1.50 

93 

1    2  80.55 

98 

1   2  19.17 

88 

1    2    4  3G 

94 

1    2  33.45 

99 

1    2  21.82 

89 

1    2  7.14 

95 

1    2  36.36 

100 

1   2  24.46 

90 

1    2  9.92 

96 

1  2  39.27 

KL  bv81 

1    1  16.89 

91 

1    2  12.69 

97 

1   3  2.18 

82 

1    1  19.57 

92 

1    2  15.17 

98 

1    3  o.Oit 

88 

I   1  22.25 

93 

1    2  18.25 

99 

13  8. 

84 

1    1  24.93 

94 

1   2  21.02 

100 

1  3  10.91 

85 

1    1  27.6 

95 

1   2  23.8 

89  b9r89 

1   2  21.85 

86 

1    1  30.28 

96 

1   2  26.58 

90 

1   2  24.79 

87 

1    1  32.96 

97 

1    2  29.86 

91 

1   2  27.74 

88 

1    1  3;j.G4 

98 

1    2  32.13 

92 

1    2  30.68 

89 

1    1  33.til 

U9 

1    2  34.91 

98 

1    2  33.  G2 

90 

1    2  0.99 

100 

1    2  37.69 

94 

1    2  36.56 

91 

1   2  8.67 

85  by  85 

1   1  38.84 

95 

1  2  39.5 

98 

1   2  6.85 

86 

1    2   1 65 

96 

1  8  2.45 

03 

1  2  9.02 

87 

1   2  4.46 

97 

1  8  6.89 

94 

1   2  11.7 

88 

1   2  7.27 

98 

1  8  8.83 

95 

1   2  14.88 

89 

1   2  10.08 

99 

1  8  11<.27 

96 

1    2  17 

90 

1    2  12.89 

100 

1   3  14.21 

97 

1    2  1;.*.74 

91 

I    2  15.7 

90  by  90 

1    2  27.77 

98 

1    2  22.11 

92 

1    2  18.51 

91 

1    2  30.74 

99 

1    2  25.09 

93 

1    2  21.32 

92 

1   2  33.72 

100 

1    2  27.77 

94 

1    2  24.13 

93 

1   2  36.69 

B3by  82 

1    1  22.26 

05 

1    2  26.',>1 

94 

1    2  39.67 

83 

1    1  24.99 

96 

1   2  29.75 

95 

1   3  2.64 

84 

1   1  27.7 

97 

1  2  82.56 

96 

1  8  5.62 

85 

1   1  80.41 

98 

1   2  35.37 

1  97 

1  3  8.59 
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JHoMMlons* 

StatnMMBtMt. 

A. 

B.  P. 

I  AiUtt, 

A. 

B.  P. 

-■  L.   

A.  B.  V, 

BO  bv  98 

1 

8  11.67 

02  bv99 

1 

8  21.(19 

0&  bv  98 

1 

8  87.77 

99 

1 

8  14.65 

100 

1 

8  84.18 

99 

1 

8  80.91 

100 

1 

3  17.52 

B8b  v  93 

1 

3  5.92 

100 

1 

3  34.05 

91  bv  01 

1 

2  33.75 

94 

1 

3  8.99 

Qfi  bv  Mi 

1 

3  24.66 

92 

1 

2  36.76 

95 

1 

3  \:lAh 

97 

1 

8  27.83 

9a 

1 

%  39.77 

96 

1 

3  16.14 

98 

1 

8  81.01 

94 

1 

8  8.78 

97 

1 

3  18.21 

99 

1 

A      AA    4  A 

8  84.18 

95 

1 

8  d.79 

98 

1 

3  21.20 

100 

i 

3  Si  .36 

96 

1 

8  8.79 

99 

1 

8  84.36 

M  bv  97 

1 

8  81.04 

97 

1 

8  11.8 

100 

1 

8  87.44 

1 

8  84.25 

98 

1 

3  14.81 

94t)y  94 

1 

3  12.1 

99 

1 

8  37.45 

99 

1 

3  17.82 

95 

I 

3  15.21 

100 

8 

0  0.<'«6 

100 

1 

3  20.83 

96 

1 

3  18.31 

98  by  98 

1 

8  37.49 

(K|by92 

1 

2  39.8 

97 

1 

3  21.42 

99 

2 

0  0.73 

98 

\ 

3  2.84 

SjS 

1 

3  24.53 

100 

2 

0  3.97 

91 

1 

3  6.88 

99 

1 

3  27.64 

99  by  99 
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0  10.58 

97 

1 

3  15.01 
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3  21.49 

98 

1 

3  18.05 

97 

1 

8  24.63 

Thbu  Tablbb  have  been  oompated  by  my  Asdstania,  Mr.  A.  B. 
Sowsoir  and  Mb.  W.  En,  and  fhe  proofs  from  ihe  proas  moat  carefully 

examined  by  Mr.  W.  Bvb  and  Mb.  Fbakk  Habrow,  whose  assistance 
I  bave  muob  pleaeure  in  acknowledging. 
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CHAPTER  VII. 
LAND  SURVEYING. 

Unlike  Land  Measuring,  the  Science  of  Land  Snrveying,  to 
be  practised  successfully,  requires  that  the  ])erson  who  uses  it 
should  be  well  educated  iii  the  several  branches  of  Arithmetic, 
Algebra,  Logarithms,  Trigonometry,  and  Geometry  ;  and  to  carry 
on  Surveys  of  extensive  and  varied  character,  several  years  of 
previous  practice  is  necessary. 

Under  the  heading  of  Land  Surveying,  is  properly  included 
eveiy  deaciiption  of  Mapping  and  Levelling,  in  whatever  manner 
performed* 

As  great,  if  not  greater  improvementB  bave  been  effected  in  this 
particular  sdence  within  the  last  few  years  tban  in  any  other,  and 
many  costly  works  have  been  publi^ed,  but  as  I  believe,  with 
very  few  exceptions,  those  works,  while  they  profess  to  do  every- 
thing, contain  nothing,  comparatively  speaking,  of  the  practical 
methods  adopted  by  skilfxil  surveyors  of  the  present  day.  The 
littie  work  in  Mr.  Weale's  Budimentary  Treatises*  is  written  by 
a  loactical  Surveyor,  and  contains  many  very  useful  remarks, 
which  will,  doubtless,  conduce  to  promote  its  circulation;  but  with 
diis  exception,  I  am  not  acquainted  with  any  Treatise  exclusively 
penned  by  a  practical  man.  They  are,  for  the  most  part,  the  pro- 
duction of  schoolmasters  and  other  mere  theorists ;  and  some  of 
them  are  but  enlarged  editions  of  original  works,  written  previous 
to  the  introduction  of  those  improvements  into  the  practice  of 
Surveying  of  which  I  have  spoken. 

Perhaps  the  greatest  stimulant  Civil  Surveying  ever  received 
was,  the  passing  of  the  Tithe  Commutation  Act  in  1836,  under 
which  all  tithcable  lands  in  England  and  Wales  were  required  to  be 
surveyed  and  mapped.  In  accordance  vv^ith  the  provisions  of  that 
Act  and  the  new  Poor-T^f^w  Assessment  Act  of  a  previous  session, 
I,  in  my  own  personal  practice,  surveyed  and  mapped  parishes  to 
an  aggregate  extent  of  Jtbont  «ixty  tliunsand  acres  within  a  period 
of  ten  years.  Tt  long  been  my  <lesire  to  publish  fully  the 
practical  knowledge  experience  has  taught  me  in  that  and  subse- 
quent works;  but  a  want  of  time,  coupleil  with  the  very  great 
expense  of  such  a  publication,  and  its  usually  unprofitable  cha- 
racter (at  all  events  to  an  author)  has  deterred  the  intention. 


*  Land  and  Enguuerii^  Sunej/ing,  by  T.  Baker,  C.£. 


258 


LAND  SUBVETING. 


The  following  Sjnopms  ie  intended  to  contain  such  infonnatkm 
as  win  afford  an  insight  into  the  best  principles  of  the  science,  in 
character  with  the  nature  of  the  present  work. 


S£C.  l^Parish  and  Estaie  Swvmfing, 

The  first  step  in  the  practice  of  Surveying  is  to  learn  to  chain  a 
line  with  accnracy  and  dispatch;  the  former  of  which  being  ac- 
quired, the  latter  will  be  sure  to  ioUow^  with  practice.  An  actiye 
man  who  has  a  good  eye  is  invaluable  to  a  surveyor  as  a  chain- 
man  :  such  a  one  is  vety  difficult  to  be  obtained,  and  is  not  often 
to  be  met  with  in  a  purdy  agricultural  district.  Many  of  the  most 
active  men  b^g  wholly  incapable  of  sticking  out  a  straight  line« 
while  on  the  contrary,  men  with  excellent  eyes  are  frequently  too 
cloddy  in  their  motions  to  get  across  a  country.  A  little  attention 
in  the  selection  of  a  chain-man  will  amply  repay  the  trouble. 

The  best  way  to  direct  a  chain  is  for  the  person  who  follows  it 
to  stand  perfectly  upright  behind  the  arrow  which  has  been  left  in 
the  ground ;  his  heels  touching  each  other^  his  toes  pointed  out  on 
either  si(7e  of  tlie  arrow,  and  his  feet  forming  something  like  an 
angle  of  30  degrees  with  the  chain  line.  His  chain-man  should  also 
stand  erect,  and  so  soon  as  he  is  placed  nearly  in  his  position, 
should  take  care  that  his  heels  touch,  and  that  his  feet  form  the 
reverse  position  of  his  director,  who  is  then  enabled,  by  the  motion 
of  t  luj  thumb  of  the  right-lmnd  in  which  he  holds  the  handle  of  the 
chain,  to  bring  him  into  an  exact  line  between  himself  and  the  fore 
mark,  which,  if  of  good  size  and  w^ell  chosen,  will  then  appear  to 
rise  directly  above  the  centre  of  the  man's  head.  The  man,  if  he 
understand  his  business,  will  at  the  same  time  discover  if  any  par- 
ticular object  which  ho  may  have  noticed  to  have  been  either  in  a 
du  ect  line  with  the  cbain^  or  bearing  a  relative  position  therewith 
in  former  sets,  still  occupies  the  same  portion,  and  thus  becomes  a 
guarantee  that  no  mistake  has  been  made  in  the  foremark.  He 
will  then  be  careful  to  tighten  the  chain  so  soon  as  the  director  has 
his  handle  to  the  arrow;  when  he  has  so  done,  will  stick  his  arrow 
down  between  his  feet,  and  will  then  be  ready  to  proceed  on  his 
line  when  directed.  The  director  of  the  chain  having  the  handle 
in  his  right-hand,  will  stoop  down  as  soonas  his  chain-man  is  in  the 
right  direction;  and  putting  his  thumb  through  the  bow  or  eye  of 
the  arrow,  will  cause  the  handle  of  the  chain  to  touch  the  arrow ; 
and  seeing  that  while  in  that  position  his  diain-man  places  his  ar- 
row properly  in  the  ground,  will,  as  soon  as  that  is  accomplished, 
dose  lus  band  without  withdrawing  his  thumb,  and  in  rising  will 
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draw  the  arrow  up  with  binL  Five  arrows  can  m  this  waj  be  very 
oonTenientlj  carried,  thdr  points  always  sticking  out  to  the  right, 
the  obvious  consequence  of  the  hand  being  closed  upon  tlicni,  and 
the  back  of  tbe  hand  being  kept  in  a  perfectly  horizontal  position, 
oth  Tvvise  the  points  will  be  found  to  be  sticking  in  the  ground 
when  the  attempt  is  made  to  put  the  thumb  through  the  eye  of  the 
arrow.  According  to  the  height  of  the  person  directing  a  chain 
will  be  the  distance  from  the  arrow  at  which  his  feet  will  reqiiii^ 
to  be  placed,  so  that  when  he  stoops  to  touch  the  wire  with  the 
handlf ,  the  rli:iin  may  exactly  reach  the  required  spot  without  sub- 
sequently requiring  to  be  moved  cither  Lackwards  or  forwards :  this 
also  is  one  of  those  nieehanical  performances  in  whicb  practice  will 
produce  the  greatest  proficiency. 

The  chain-man  should  carry  the  arrows  in  hia  left  hand,  the 
chain  in  his  right,  and  while  walking  along  should  draw  one  arrow 
out  of  the  bundle  with  his  right  hand  in  readiness  for  use  at  the 
teruiination  of  the  chain.  He  should  also  pay  attention  to  the  length 
of  a  cliain,  so  as  to  judge  approximately  the  point  at  which  he  will 
have  to  stop,  that  no  sudden  jerk  may  be  experienced  hj  the  dudn 
(which  does  it  great  harm)  and  that  ^e  operation  of  turning  round 
and  getting  in  line  be  effected  as  quickly  a  s  poanble ;  to  which  end 
he  should  be  instructed  to  be  always  on  the  look  out  for  his  back 
mark,  and  by  moving  about  to  place  himself  as  nearly  as  he  can  do 
in  the  same  relative  position  with  it  and  the  director  (who  is 
standmg  at  the  last  arrow)  as  he  occupied  in  setting  the  previous 
chains.  A  chain-man's  attention  should  be  called  to  the  necessity 
of  observing,  as  soon  as  the  first  chain  on  a  line  is  set,  the  position 
of  some  one  or  more  objects  to  serve  as  a  back  mark ;  it  will  save 
much  lofis  of  valuable  time,  and  no  end  of  trouble,  and  there  are 
seldom  cases  when  something  cannot  be  noticed,  at  all  events,  if 
not  directly  in  line,  so  littie  removed  from  it  that  its  position  can 
be  approximately  determined. 

Before  commencing  to  chain  a  line,  the  director  of  the  chain 
should  stand  at  the  point  at  which  the  line  commences,  and  look- 
ing at  the  most  distant  fore  mark.  ?lionld  observe  if  any  remark- 
able object,  a  green  spot  in  a  field,  a  gap  or  a  bush  in  a  hedge,  a 
tree,  a  bough,  or  a  thistle,  is  directly  in  his  line ;  if  so,  he  should 
frequently  notice  while  travertin-;  the  line,  that  his  position  with 
reference  to  it  becomes  unaltered ;  and  by  the  exercise  of  care  in 
this  manner,  a  line  30  or  40  chains  in  length,  may  be  chained  with 
perfect  straightness  without  any  artificial  setting  out.  But  if  there 
is  no  intervening  object,  and  the  line  is  a  long  one  with  off-sets,  it 
will  be  better  to  direct  one  or  two  sticks  to  be  stuck  up  at  inter- 


260 


LAND  SURVEYING. 


mediate  distaii6ea>  for  the  best  men  wiU  aometiiiies  wind  a  line  if 
they  haye  bat  a  sin^e  mark  at  the  end  of  it  to  guide  them. 

Very  (Mmipetent  sunre^ors  vaiy  an  their  practice  as  to  the  num- 
ber of  arrows  the j  use.  I  have  bad  experience  in  the  aeveral 
mediods,  both  from  necessity  (caused  by  the  oooasional  loss  of  an 
arrow)  and  design,  and  have  no  hesitation  in  recommending  the 
number  ten  as  ti^e  meet  practical,  surest,  and  best  The  chain*man 
proceeds  with  his  eleventh  chain  prectaelj  in  the  same  manner  as 
though  he  had  a  handful  of  arrows,  the  only  difference  in  his  opera- 
tion beings  instead  of  sticking  down  that  of  which  he  1ms  none  left, 
he  lays  his  handle  of  the  chain  on  the  ground  and  places  his  foot* 
upon  it,  in  which  position  he  remaius  until  the  ten  wires  are 
brought  up  to  him  by  the  director,  of  whom  he  takes  them,  imme- 
diately places  one  in  the  ground,  and  then  proceeds  on  his  way. 

The  pointed  end  of  the  swivel  in  the  centre  of  the  chain  should 
always  determine  the  end  which  should  go  first ;  if  attention  is  not 
paid  to  this,  the  abrupt  angles  at  the  other  end  of  the  swivel  hang 
in  the  bushes  In  passing  through  hedges,  and  frequently  meet  with 
other  obstructions  which  jerk  and  stretch  the  chain,  and  whioh  are 
passed  harmless  if  the  other  end  ia  driven  first. 

To  ensure  expedition,  a  surveyor's  field  staff  should  include  a 
man  to  draw  and  another  to  follow  the  chain,  a  boy  to  carry  sticks 
and  make  marl:-  rui  l  stations;  and  if  the  work  is  very  thick,  a  com- 
petent person  to  measure  the  offsets,  himself  keeping  the  book ;  if 
not  very  close  work,  he  can  save  the  ofi^t  man  by  using  the  rod, 
himself:  the  great  desideratum  being  (always  assuming  the  prac- 
tice is  followed  for  a  profit  )  to  keep  the  cliain  continnally  moving. 

Tliroughout  the  course  of  every  line  mi  iiiiinlty  vt  marks  should 
be  made  at  intervals,  certainly  not  exceeding  ten  chains,  and  if  at 
five  the  better.  These  marks  will  be  found  exceedingly  useful  in 
determining  the  pontion  of  other  lines  felling  near  them,  and  in 
the  detection  of  an  error,  an  event  which  will  happen  occasionally 
to  the  most  careful. 

•  This  induces  a  notice  of  a  few  of  the  most  fruitiiil  sources  of 
error  to  young  surveyors.  First  may  be  mentioned,  want  of  at- 
tention to  the  change  of  arrows  at  the  end  of  ten  chains;  then  the 
omission  in  long  naked  lines  to  make  any  note  in  the  book  of  the 
number  of  changes  as  they  successiyely  occur;  the  mistake  of  the 
40  brass  mark  for  60 ;  the  20  for  80;  the  confusion  of  the  fore 
mark  with  some  other  object  similar,  but  out  of  direction ;  cases  in 
which  it  is  impossible  to  set  an  arrow  down  at  the  end  of  the  chain 
^t  perhaps  occurs  in  the  centre  of  a  pond  or  a  deep  ditch,  iii  con- 
sequence of  which  several  parts  of  a  chain  are  obliged  to  be  used^ 
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and  require  to  be  set  to  rights  when  the  obstniction  is  passed ;  and 
Ust,  though  not  of  least  importance,  the  too  oonunon  practice  of 
allowing  a  chain-man  to  hold  his  own  handle  of  the  chain  to  the 
point  which  terminates  the  line,  instead  of  hauling  beyond  it,  hj 
which  means  the  chain  is  frequently  read  from  the  wrong  end,  or 
an  o£&et  is  booked  at  the  wrong  place. 

The  best  marks  to  be  made  on  a  line  in  grass  lands  are  such  as 
can  be  cut  out  with  a  small  spade  in  one  of  the  fcnms  of  fig.  136, 
and  if  many  of  them  are  made  in  one  piece  of  ground,  they  should 
be  distinguished  from  one  anntlirr^  as  sliewn  in  the  fig.,  where 
the  difl^ent  position  of  the  detached  diamond^  which  is  entered 
in  the  book  as  marked  on  the  land,  readily  efiects  it.  In  arable 
land  nothing  more  can  be  done  than  driying  in  a  peg;  but  every 
fence  should  be  marTced,  citber  by  a-  race  mark  on  a  quickset  or 
bough,  or  in  any  ready  way  which  may  present  itself.  All  pale 
fences  should  be  rased  on  passing,  and  every  post  which  may  be 
in  line. 

The  length  of  the  offset  rod  in  most  general  favour  is  ten  links, 
but  fifteen  links  will  be  found  preferable  ;  and  the  one  used  by  me 

twenty  links.  It  is  made  of  a  straight  piece  of  ground-ash.  It 
has  no  figures  on  it ;  hut  the  liuks  are  marked  by  characteristic 
colouring ;  au  arrangement  which  allows  either  end  to  be  used 
without  chance  of  error. 

In  sticking  out  a  Une,**  particular  care  should  be  taken  that  at 
least  three  (as  many  more  as  possible)  of  the  ranging  rods  or 
pickets  are  seen  at  ^e  time  of  planting  a  fresh  one;  an  obvious 
precaution  against  a  deviation  of  the  line,  which  the  slightest  inao- 
curacy  would  produce  if  only  two  were  used.  In  crossing  the 
sharp  apex  of  a  hill  great  care  is  also  required  to  preserve  the 
straightness  of  a  line,  and  in  many  cases  which  occur  in  large  sur- 
veys, the  use  of  an  instrument,  if  not  absolutely  indispensable  is 
very  desirable.  It  sometimes  happens  that  a  line  may  be  ranged 
across  a  series  of  hills,  irom  apex  to  apex,  and  the  intermediate 
spaces  across  the  valleys  subsequently  managed,  but  no  regular 
rule  can  be  laid  down ;  generally,  the  great  consideration  is,  to  get 
some  permanait  and  very  prominent  back  and  fore  mark,  if  pes* 
iible,  beyond  the  limits  of  the  work.  As  an  illustration  of  this 
method,  in  conducting  a  survey  of  the  parish  of  Horsell,  in  Surrey, 
about  two  years  since,  I  found  the  church,  in  the  heart  of  the  ^-il- 
lage,  to  occupy  a  very  prominent  position  on  a  hill ;  and  I  imme- 
diately obtained  permission  to  use  the  tower  (a  square  one)  :is  a 
station.  Upon  the  top  of  this  I  erected  a  larg'c  flag  pole,  and  from 
that  pole  laid  out  a  line  towards  every  remarkable  object  on  the 
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surrounding  hUls,  regardless  of  where  it  would  terminate,  and  then 
connected  them  by  base  lines.  These  lines  were  all  patterns  of 
stvaightnesa — houses  and  farm  buildings  offered  small  obstacles 
Vkitli  such  a  mark  behind  and  before;  and  although  it  frequently- 
happened  that  for  eight  or  ten  fields  we  could  see  neither,  no  in- 
stancu  uccurred  in  which  the  end  of  our  line  was  not  proved  beyond 
doubt  as  being  in  the  same  direction  in  which  we  started* 

A  knowledge  of  the  pnadplefl  of  what  is  teehnically  called 
"  ta&mff  up  £e  detaUt**  of  a  survey,  next  daims  our  attention. 
This  is  done  by  means  of  what  are  called  ofl&ets/*  or  short  lines 
measared  from  any  given  point  on  a  chain  line  to  an  angle  or  point 
in  a  hedge,  fence,  or  biulding,  to  fix  the  position  of  that  point  upon 
the  plan.  These  offiets  are  measured  with  the  aSeei  rod  already 
spoken  of,  and  are  generally  taken  at  right  angles  with  the  chain 
line,  simply  because  that  is  an  angle  that  may  be  very  approxi- 
mately determined  upon  the  ground  and  as  readily  upon  the  plan, 
without  the  aid  of  an  instrument  in  either  case ;  short  distanced 
only  being  used.  It  is  not  however  at  variance  with  sound  prin- 
ciples if  a  sextant  or  any  angular  instrument  is  used,  if  these  eff- 
ects are  made  to  take  any  other  angle  which  special  drcnmstanoes 
may  require ;  but  then  it  involves  the  noting  of  the  angle,  and  so 
forth,  and  occasions  an  inconvenience  and  trouble  to  the  stLryeyor, 
which  he  will  always  avoid  if  he  can.  All  offsets  not  specially  de- 
noted by  any  angle  are  understood  to  be  right  angles,  whether 
under  a  variety  of  circumstances  that  may  have  occurred  in  the 
field  they  arc  so  drawn  in  the  book  or  not. 

There  is  another  species  of  offsets  called  "  opposites^'  and  dis- 
tinguished from  the  ordinary  offsets  by  the  letters  "  op  "  annexed 
to  them.  They  are  such  as  these :  supposing  two  chain  lines  A  B 
and  A  C,  (fig.  137,)  to  pass  on  either  side  the  house  D,  and  that  in 
chaining  those  lines  the  points  a  and  at  which  the  line  of  the 
front  of  the  building  h  c  would,  if  produced,  intersect,  had  been 
noticed ;  then  would  the  distance  a  h  become  an  op."  at  the  p<nnt  a 
on  the  line  A  C  to  the  comer  of  the  house  B,  and  the  distance  c  d 
would  become  an  op**  at  the  point  d  on  line  A  B  to  the  same 
house  D,  the  pomtion  of  which,  if  the  ptnnts  are  correctly  taken,  a 
proof  of  which  is  affi>rded  by  measuring  h  e,  must  be  obviously 
better  fixed  than  by  any  other  method  of  offsetting. 

When  the  distance  between  any  two  points  on  a  given  line  of 
fence  or  building  is  taken,  it  is  called  an  along,**  and  is  entered 
in  the  book  with  an  ''a"  attached  to  the  figures,  thus  24 a  placed 
on  a  line  between  two  points  denotes  it  is  24  along  that  line  from 
point  to  point. 
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The  accuracy  of  an  ofiset  depends  upon  ihe  care  with  wbieh  it 

is  taken;  but  after  all  it  is  generally  little  more  than  an  approzi- 
mation  to  truth,  and  becomes  more  and  more  liable  to  error  as  it  is 
increased  in  length  ;  for  it  may  be  men^ured  on  the  ground  with  a 
little  inclination  from  the  perpendicular  in  one  direction,  and 
plotted  on.  the  paper  with  an  inclination  in  the  opposite  direction. 
Slight  inaccuracies  may  also  occur  in  measuring  with  the  rod; 
hence,  what  is  of  but  trifling  importance  in  small  operations  in- 
creases with  a  significant  ratio,  and  renders  it  necessary  to  sub- 
scribe a  limit  to  the  length  of  the  offset.  This  limit  has  been 
Qflually  fixed  by  writers  on  the  subject  at  "  one  chain  ;"  but  that  is 
too  much,  except  for  very  small  scales,  mid  as  applied  to  the  scale 
of  44  feet  to  an  inch,  adopted  by  the  General  Board  of  Health  for 
all  plans  made  under  the  Public  Health  Act  1848,'*  totally  im- 
practicable. To  that  scale  two  lengths  of  the  rod  used  is  quite  aa 
long  as  any  offset  can  be  safely  taken,  and  then  great  care  is  re- 
quired to  make  them  plot  nicely,  as  every  half  link  makes  a  percep- 
tible difference.  The  length  of  the  ofiset  must  therefore  be  a  dis- 
cretionary point  with  the  surveyor,  as  ran^ng  from  about  30  to  80 
or  100  links,  according  to  circumstances;  special  points  and  sharp 
angles  being  as  much  as  possible  fixed  by  short  of&ets,  while  fences 
running  nearly  parallel  to  the  chain  line  in  which  a  departure  from 
the  perpendicular  will  neither  affect  the  length  of  the  oiket  nor  the 
position  of  the  fence  on  the  paper,  may  form  exceptions  for  the 
exercise  of  a  little  indulgence. 

To  illustrate  the  method  of  taking  up  tiie  detuls,  we  will  con- 
sider the  fence  Aa&cdB  (fig.  138),  is  to  be  taken  up  by  the  ofi&et 
line  A  B.  Looking  along  the  fence  from  the  point  A,  we  discover 
that  a  bend  occurs  at  the  point  a,  and  therefore  in  chaining  along 
the  line  from  A  towards  B,  we  carry  the  point  a  incur  mind's  eye, 
and  determine  when  we  arrive  at  the  point  a,  from  which  the  per- 
pendicular a'a  arises;  noting  the  distances  Art  and  a^n,  we  proceed 
to  measure  until  we  arrive  nt  b',  where  we  note  the  respective  dis- 
tances A^  and  b'b,  and  chain  on  to  c  ;  here  the  chain  line  touches 
the  fence,  and  therefore  we  have  only  one  distance  to  denotf',  viz., 
Ac/  hence,  we  go  on  to  ti',  noting  in  a  similar  manner  the  <lis- 
tances  A  d'  and  d'd,  and  complete  our  work  by  entering  the  length 
of  the  line  A  B.  A  httle  consideration  and  study  will  convey  to 
the  mind  of  the  enquirer  the  application  of  tiiis  principle  to  every 
crooked  fence  which  can  possibly  occur  in  a  survey.  Had  there 
been  a  fence  on  the  opposite  side  of  the  line  in  fig.  lobj  us  in  fig. 
139,  offsets  would  have  been  required,  as  there  shewn;  and  again, 
if  one  line  had  been  insufficient  to  take  up  the  fence,  more  must 
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have  been  taken,  as  shewn  in  J^igures  140  and  141  ;  the  several 
ends  of  the  lines  being  fixed  by  triapgulation,  as  hereafter  to  be 
spoken  of. 

We  now  come  to  the  consideration  of  the  method  of  Jayimj  out  the 
fundammktl  lines  of  a  swn^ey.  In  order  to  do  this  effectually,  the 
surveyor  must  acquami  himself  with  the  boundary  of  the  land  to 
be  surveyed;  and  if  he  can  make  one  triangle  encompaaa  the  whole 
without  going  too  for  out  of  the  work,  of  couree  that  is  the  hest 
method  that  can  he  adopted ;  because  if  he  can  only  get  the  sides  of 
that  triangle  aoourately  set  out  and  measured,  all  other  Imes  within 
it  may  be  made  to  depend  thereon,  and  the  chances  of  error  are 
consequently  confined  to  the  internal  detail  thereof,  which  is  easily 
detected  and  rectified. 

A  large  triangle,  comprising  the  boundary  of  an  estate,  is  gene- 
rally suffidently  proved  by  the  secondiyry  lines  that  traverse  it  from 
side  to  side  in  every  possible  direction  ;  hut  it  is  a  very  great  ad- 
vantage where  it  can  be  done  to  take  the  angles  formed  by  the 
several  sides  of  the  triangle.  This  enables  the  straightness  of  the 
rades  to  be  tested  by  casting  the  internal  angles  together  and  ascer- 
taining if  they  amount  to  180  degrees,  as  the  sum  of  the  internal 
angles  of  all  triangles  should  do.  It  also  enables  a  surveyor  to  run 
a  proof  line  from  any  one  of  the  points  of  the  triangle,  so  as  to  fall 
at  a  right  angle  on  the  oj)posite  side.  For  instance,  let  us  suppose 
the  angles  of  the  triangle  represented  in  tig.  142  were  taken,  and 
that  the  angle  B  A  C  is  38  degrees,  we  require  to  let  foil  the  proof 
line  B  B,  so  that  the  angles  B  D  A  and  B  D  C  may  be  each  right 
migles.  Taking  the  angle  B  A  D  =  38°  and  the  angle  B  D  A  =  90'', 
we  know  of  course  that  the  angle  ABD  must  be  such  as  will 
make  when  cast  with  the  two  known  angles  180  degrees;  hence, 
in  this  case,  we  have  to  lay  off  52  degrees  at  B  as  the  measure  of 
the  angle  ABD.  If  any  one  of  the  sides  is  not  straight,  the 
aggregate  sum  of  the  observed  angles  will  be  either  greater  or  less 
tluin  180  degrees,  according  to  the  nature  of  the  error*  (See  fig. 
143.)  It  is  hardly  to  be  supposed,  with  the  irregular  shapes  which 
boundaries  of  fields  and  landed  properties  assume,  that  many 
estates  exist  which  can  be  enclosed  in  one  triangle,  as  above  stated, 
although  it  does  some^mes  happen,  and  has  within  my  experience. 
The  estate  alluded  to  is  situate  on  Sunbury  Common,  between 
three  roads.  It  is  now  divided  among  several  owners,  but  twenty 
years  ago  it  formed  one  property ,  it  is  represented  in  fig.  144. 

When  an  estate  cannot  be  entirely  encompassed  by  one  triangle, 
then  the  desideratum  is  to  enclose  as  much  of  it  as  possible  within 
the  triangle,  leaving  the  outskirts  to  be  provided  tor  by  secondary 
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constructions.  In  the  estate  represented  by  fig.  145,  having  laid 
out  the  primary  triangle  ABC,  and  the  proof  line  B  D,  the  lines 
CE,  JEF,  and  FG,  are  severally  determined  on  as  necessary,  as 
fundamental  lines  for  that  corner  of  the  estate,  and  to  fix  their 
'position  beyond  all  doubt  with  reference  to  the  laxge  triangle  the 
line  FG  is  produced  to  H,  alme  is  taken  from  E  through  QttoK, 
and  from  C  through  I  to  F.  To  provide  for  the  renudniug  portion 
of  the  estate,  a  line  is  run  from  B  to  O,  from  O  to  M,  and  from 
M  to  N,  and  then  their  positions  are  securely  fixed  by  the  lines 
PLM«  BQM^  and  LQ  O.  The  great  beauty  of  the  method  of 
construction  just  described  is,  that  if  any  one  of  the  lines  be  wrong, 
the  remaining  lines  are  suffi<^ent  not  only  to  detect  the  mistake, 
but  to  point  out  beyond  doubt  the  line  in  error,  and  to  plot  the 
work  accurately  without  its  aid.  For  example,  suppose  an  error 
had  been  contained  in  either  of  the  lines  C  E  or  E  F,  by  plotting 
the  lines  C I F,  F  G  H,  and  E I G  £,  it  would  have  been  apparent 
at  once  which  was  in  error,  as  ihe  other  would  scale  the  measured 
length. 

It  may  be  as  well  to  observe,  that  the  constructions  herein  re- 
commended for  estates  or  blocks  of  land  containing  many  enclo- 
sures, apply  e  qually  to  single  fields  of  similar  proportions,  examples 
of  which  our  space  wil]  not  admit. 

"When  the  liniiis  of  the  estate  to  be  eurveyed  assnme  other 
forms  than  those  of  a  triangle,  it  is  generally  dcsirahle  to  divide  it 
into  two  principal  triangles,  and  provide  for  the  outskirts  as  most 
expedient.  Fig.  146  is  an  illustration  of  mj  meaning.  Here 
ABC  and  C  D  A  are  the  two  principal  triangles,  and  the  accu- 
racy of  the  two  opposite  points  B  and  D  is  securely  tested  by  the 
proof  line  BED;  then  by  using  E  as  a  common  point,  and  laying 
out  E  F  G,  H I E,  A  G,  G  H,  and  H  D,  A  E  G  becomes  a  triangle 
with  A  F  as  a  proof  line ;  E  GH  a  triangle  with  F I  a  proof  line; 
and  E 11 D  is  a  triangle  with  J)  I  as  a  proof  line ;  while  the  lines 
A  G,  G  H,  and  H  D,  seveially  act  as  proo&  to  each  other  and  the 
whole  work. 

Sufficient  having  been  said  to  enunciate  a  principle  so  far  as 
theory  is  concerned,  it  is  now  proposed  to  see  by  a  reference  to 
an  instance  of  actual  practice,  howfiai'  this  principle  can  be  carried 
out  in  praetice ;  for  it  must  be  remembered,  that  in  all  professions, 

mere  theories,  when  attempted  to  be  put  in  practice,  are  assailed 

by  an  iufiuity  of  diflficulties.  Hence,  it  is  totally  impossible  to 
prescribe  a  rule  from  which  no  deviation  shall  be  made ;  the  only 
practical  mode  is  to  point  out  oorrfct  tenets,  and  require  as  dose 
an  approximation  thereto  as  possible. 

T 
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Plate  6  repreaents  a  rednoed  plaa  of  tlie  parish  of  Sunbuiy, 
surreved  hy  me  about  five  jeara  since.  Several  difficidties  pre- 
sented ihemselTes  during  the  laying  out  of  the  fundamental  lines^ 
of  wluoh  the  close  proxiniity  of  the  River  Thames  to  the  village, 
on  the  south  side  of  the  parish,  the  number  of  houses  and  gardens^ 
scattered  about  its  area,  and  the  veiy  flat  nature  of  the  country, 
formed  some  of  the  most  prominent  Advantage  was  first  of  all 
taken  of  the  straight  peoe  of  road  from  F  to  M,  and  a  line  ranged 
down  it  to  A;  a  second  line  was  then  laid  out  from  B  to  R, 
escaping  as  mucli  as  possible  of  the  village  of  Sunbiuy,  but  en- 
countering a  great  portion  of  the  Thames  and  the  tributary 
streams  ;  a  third  line  was  then  laid  out  from  R  to  M,  avoiding  the 
villages  of  Halliford  and  Charlton,  but  extending  some  dTPtanco 
beyond  the  parish  to  meet  the  main  linet  These  three  lines 
formed  tho  fimdamental  triangle  B  M  K. 

The  next  step  was  to  lay  out  the  prout  line  R  I,  about  which 
the  only  difficulty  encountered  wa<s  at  Y.  A  line  was  then  found 
practicable  from  D  to  W,  and  at  W  another  line  \v;is  laid  off 
to  fall  on  the  base  at  right  angles  at  H.  A  line  down  the  straight 
road  from  X  through  Y  to  P,  completed  the  principal  hues  within 
the  large  triangle.  Lines  were  then  started  firom  R  and  O, 
and  firom  their  interception  at  the  point  e,  a  tie-line  was  laid  out 
so  as  to  fall  at  right  angles  on  the  base  of  the  triangle  at  Q. 
From  Q  a  line  was  hud  out  through  a  to  I,  and  from  Q  through  / 
and  A  to  t ;  10  and  lb  being  joined  the  triangles  B  O  c  and  06/ 
became  fundamental  triangles,  well  and  securely  fixed  and  proved. 
The  small  triangle  dek,  with  the  lines  kh  and  ig  completed  the 
boundary  on  the  south-west.  The  triangle  Tt'B,  with  proof  lines 
and  »JJf  and  the  triangle  Sn B>  with  lines  B M  .» op, 
nptpq,  gr,  rB,  and  r  T  (some  of  which  were  obliged  to  be  calcu- 
lated) completed  ^e  fundamental  lines  for  the  survey  of  the 
boundary  on  the  river  ride;  and  the  triangles  ACu,  C(jtw, 
GK3,G3to,ioCti;  with  proof  lines  C » ;  Ear;  Fy;  Fl;a:5; 
1, 4,  9  ;  2,3;  and  tie  and  secondary  lines  6, 7 ;  7, 5 ;  7, 8 ;  8, 9 ; 
9, 3;  10, 12 :  and  11, 12, 13  formed  all  the  lines  necessary  for  the 
triangulation  of  the  parish. 

Upon  examination,  theory  uught  suggest  that  the  triangles  to 
the  north  of  the  line  A  M,  should  have  been  fewer  in  number,  and 
that  at  all  events  the  line  between  points  aand  3  should  have  been 
one  continuous  one ;  but  the  local  difficulties  intervening  would 
have  caused  a  ikr  greater  loss  of  time  than  any  advantage  gained 

*  The  hotiMt  and  gudenB  are  not  sheim  in  detail  on  the  plan  owing  to  the  diminu- 
tive siae  of  the  acale;  it  has  been  thought  better  to  block  in  the  dteajboilt  upon. 
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would  justify,  and  therefore  tlic  attention  was  chiefly  directed  to 
the  formation  of  a  series  of  triangles,  the  sides  of  which  would 
check  one  another,  and  be  useful  as  ofiset  lines,  in  the  which  we 
were  very  sucoessfuL  It  was  not  deemed  expedient  to  extend  c  Q 
into  the  large  triangle,  the  safety  of  the  triangle  B  o  C  being  per- 
fectly secure  without  it.  The  lines  in  the  south  comer  are  such 
as  it  were  possible  to  obtain;  the  theodolite  bdng  used  m  all  cases 
where  it  became  necessary  to  compute  the  sides  of  triangles  by 
means  of  the  contained  angles.  On  the  whole,  the  tiiangulation  of 
this  parish  is  offered  as  a  good  practical  illustration  of  the  best 
prindples  of  surveying,  carried  out  without  the  smallest  view  to  the 
purposes  to  which  it  is  dow  about  to  he  applied;  executed,  moreover, 
to  produce  profesaonal  remuneration  under  the  influence  of  a  very 
bad  bargain ;  and  now  selected  by  chance  from  a  number  of  others 
equally  good,  but  with  less  convenient  dimensions  for  the  size  of 
our  intended  work. 

Note. — It  should  be  here  stated  that  the  lines,  and  not  the  sta- 
tions j  were  all  numbered  iu  the  actual  survey.  The  Ipttering  has 
been  adopted  iu  the  plate  as  offeriug  greater  facility  of  reference. 

Having  laid  out  the  fundamental  lines  of  a  survey,  and  chained 
them,  the  next  process  requiring  attention  is  what  is  technically 
termed  "JitHngm;**  that  is,  laying  out,  and  chaining  such  a  num- 
ber of  internal  or  secondary  lines,  as  maybe  required,  with  the 
offsets  upon  them,  to  take  up  all  the  fences,  houses,  buildings,  and 
other  features  upon  the  land.  Here  it  mu&t  be  observed,  that  the 
lines  taken  fot  this  purpose  should  be  what  are  called  ^  through 
lines,"  that  is,  lines  running  from  any  one  already  fixed  line  to 
another  line  already  fixed,  so  that  no  distortion  of  the  internal 
features  of  the  survey,  with  reference  to  the  external  ones  can 
take  place.  It  is  not  imperatively  necessary  to  the  accuracy  of 
the  map  that  these  lines  are  to  foUow  consecutively  from  one  fixed 
line  to  another;  they  may  be  taken  in  this  way:  Let  A  B, 
B  C,  and  0  A  (fig.  147)  be  the  lines  of  a  triangle,  already 
fixed ;  and  a  line  is  required  from  D  to  £  to  take  up  the  neigh- 
bouring fence,  which  at  the  point  £  turns  to  the  right  A  line  is 
then  run  from  F,  crossing  E  to  G,  where  the  fence  again  deviates 
its  course ;  and  lastly,  the  line  from  H,  through  G  to  I,  completes 
tiie  filling  in  of  the  fence.  This  is  manifestly  as  correct  an  opera- 
Inon  as  though  tibe  order  of  the  lines  bad  been  reversed  (as  they 
will  be  when  they  come  to  he  plotted),  and  H  I  had  been  first 
chained,  then  G  F,  and  then  E  D,  and  equally  so  as  though  the 
line  D  E  had  been  extended  to  that  a  line  had  then  been  car- 
ried from  E  to  /,  and  then  from  G  to  t.    The  position  and  direc- 
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tion  of  these  secondary  lines  entirely  depend  upon  local  circum- 
stances ;  it  is  often  more  expeditious  to  run  two  or  three  lines  on 
the  c^Tound,  than  encounter  the  local  difficulties  of  laying  out  one 
line  which  would  look  best  upon  paper.  It  is  desirable  that  as 
many  lines  as  possiUe  should  proceed  from  one  station,  by  reason 
of  the  excellent  check  tliey  become  to  each  other. 

I  will  here  notice  a  few  of  the  methods  by  which  obstructions 
in  the  admeasurement  of"  chain  lines  may  be  overcome ;  but  it 
must  not  for  a  moment  be  understood  that  the  plans  here  sug- 
gested are  the  only  efficient  ones ;  on  the  oontraiy,  an  infinite 
number  will  present  themselyes  to  the  mathematidaiiy  who  will  of 
course  adopt  that  one  that  may  be  best  suited  to  the  spedal  (niv 
cumstances  for  whioh  some  expedient  is  required. 

In  figure  148  the  chain  line  A  B  crosses  a  river>  and  it  is  to  be 
premised  that  the  surveyor  has  no  instrument  for  taking  angles 
with  him>  he  is  therefore  desirous  of  getting  the  inaccessibie  dis- 
tance e  d,  in  the  readiest  manner  possible.  Let  the  points  a  e  re- 
present the  extremities  of  the  last  perfect  chain  before  aniTing  at 
the  riyer,  and  let  d  be  a  mark  at  the  centre  link  of  that  chala, 
then  let  one  handle  of  the  chain  be  held  at  a,  and  the  other  at  & ; 
and  by  kying  hold  of  the  centre  of  the  cfadn^  let  the  point /of  the 
equilateral  triangle  a  bfhe  marked  :  in  a  similar  manner  set  out 
the  triangle  h  c  e,  then  will  fe  =  ab  or  be  =  60  links  ;  let  the 
lines  d  e  and  be  made  to  intersect  in  ^ ;  and  let  the  distance 
fghe  accurately  measured  in  links,  and  tenths  of  links  by  reason 
of  its  shortness ;  then  say  as  the  side  f  ff  o( the  triangle/^  c  is  to 
the  adefe,  so  is  the  side  e  eai  the  similar  triangle  e  d  e  to  the 
required  sidocd;  for  example,  let/^  =  22*6  links;  then/ys= 
22*6  :/e  =  50  :  :  «  c  =  50  :  c  <f  =  110  links. 

Suppose  A  B  C  D,  fig.  149,  to  be  the  site  of  a  house  crossed 
by  the  f'hain  line  E  F  G  11,  which  has  been  previously  laid  out, 
cither  from  high  ground  or  by  means  of  good  back  and  fore  marks. 
Measure  the  distance  F  D,  and  set  off  the  same  from  D  to  I :  in 
like  manner  set  off  C  K  ec^Tial  to  C  Gr,  then  will  the  distance  I  K 
equal  the  required  distance  F  G.  Had  F  D  and  G  C  been  equal, 
the  line  would  have  crossed  the  house  at  l  ight  angles,  and  the 
width  D  C  would  conaequently  have  been  equal  to  the  required 
distance. 

Fig.  150  represents  a  house  crossed  by  the  chain  line  E  F  G  H 
in  a  difi'ereiit  manner.  In  this  case  make  D  I  equal  I*  D,  and 
then  because  the  triangles  GDI  and  F  D  G  are  similar  and 
equal,  the  side  G  I  wUl  be  equal  to  the  required  side  G  F.  Eeo- 
tangidar  hay  and  com  ricks  are  generally  so  nearly  right  angled 
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as  to  admit  of  tbis  process  with  aufficient  approximation  to 

tmtli. 

If  the  obstructiQn  is  a  pond,  lay  oft"  a  b  (Fig.  151)  and  c  d,  each 
equal  50  links  on  the  chain  hne  on  either  side  of  the  pond :  con- 
struct the  eqnilatcral  triangles  a  b  a  b  f,  c  d  y,  and  c  d  h,  by 
holding  the  liandles  of  tlie  chain  at  the  points  a  b  and  c  d,  and 
marking  the  points  ef  g  h,  with  the  centre  of  the  chain  in  manner 
described  in  the  first  example;  produce  a  e,  and ^  d  to  k,  and  a  f 
and  d  h  to  i ;  then  because  all  the  triangles  are  similar  and  et£ui- 
lateral  the  sides  a  k,  k  d,  d  i,  and  i  a,  are  all  similar  to  the  re- 
quired side  a  d,  li'  the  pond  is  smidl  the  operations  need  only  be 
carried  on  on  one  side  of  \t»  which  even  then  a^rds  a  check  upon 
the  accuracy  of  the  work,  inasmndi  as  a  A  and  A  d  should  exactly 
correspond ;  but  if  the  equilateral  triangles^  whose  mdes  are  50 
links  are  very  disproportioned  to  the  required  side ;  it  is  better  to 
repeat  the  work  on  both  sides,  and  ayerage  the  length  of  the  four 
sides  (supposing  they  do  not  quite  agree)  for  the  length  of  the 
required  side. 

If  the  surveyor  had  with  him,  as  every  surveyor  should  have 
when  filling  in  a  survey,  a  pocket  sextant,  he  would  have  set  out 
the  angles  kad,  kd  a,  tad,  i  da,  each  equal  60  degrees  with 
ihe  sextant. 

Some  surveyors,  in  matters  of  this  kind,  lay  off  the  angle  dak 
=  60  degrees,  and  then  walking  along  the  line  a  k  lay  off  the 
angle  a  A  therefrom,  also  equal  GO  degrees.  This  practice  is 
open  to  grave  objection — for  if  the  slightest  inaccuracy  is  com- 
mitted in  laying  off  the  first  angle,  it  is  not  only  repeated  but  in 
all  probability  increased  in  the  second ;  whereas  m  the  plan  h^^n 
recommended,  each  angle  depends  solely  upon  the  base  line. 

One  great  advantage  iu  the  use  of  a  sextant  over  the  chain  . 
onlv,  for  purposes  of  thi-  kind,  is,  that  the  operations  are  not  re- 
quired to  be  of  quite  such  large  dirnen^ifnis,  and  consequently  the 
liability  to  error  is  proportionate!}'  diminished  ;  for  instance,  in 
the  example  we  have  quoted  the  angles  might  have  been  taken 
at  b  and  c,  the  equilateral  triangle  confined  to  the  actual  unknown 
distance  b  c,  and  the  lines  to  be  measured  been  reduced  tQbl,lcy 
c  m,  and  m  b. 

If  an  instrument  is  at  hand,  when  the  obstruction  of  a  river  (or 
any  other  feature)  impedes  the  admeasurcoicnt  of  a  line,  it  ia  easily 
overcome  in  this  way — let  A  and  B  (fig.  152)  be  known  points 
in  the  diain  line  afaready  measured,  and  noted  in  the  field  book  in 
ordinary  course.  At  B  erect  a  perpendicular,  upon  which  at  any 
point  D  observe  the  angle  AD  B;  lay  off  the  angle  B  D  C  equal 
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thereto;  then  beoauBe  the  tmngles  A  B D  and  B  C  D  are  fflmilar 
and  equal ;  the  unknown  base  B  C  equals  the  known  base  A  K 

The  method  of  keeping  a  Sleld  Book  is  varied  hy  different 
surreyoFS  to  a  great  extent;  but  in  the  course  of  my  practice  I 
have  made  a  trial  of  most  methods,  and  think  I  may  safely  chal- 
lenge aU  others  to  a  comparison  with  the  one  used  by  myself  which 
Is  herein  recommended. 

Fig.  153  illttstxates  one  page  of  this  Field  Book,  and  Fig.  154 

the  lines  therein  li^ferred  to.   13^  at  the  foot  of  the  column, 

signifies  that  line  13  is  the  one  referred  to  hj  the  notes.  1636 — 12, 
placed  at  the  foot  of  the  page,  on  the  left  hand,  represents  that 
line  13  starts  from  the  point  denoted  by  the  admeasurement  1636, 
on  line  12  ;  and  the  position  of  those  iRcrures  iUustrates  approxi- 
mately the  relative  positions  of  the  two  hues.  121:^0 — 11,  on  the 
right  hand  side  of  the  page,  dtuutes  the  point  to  which  hne  13 
proceeds,  and  again  illustrates,  hy  the  position  of  the  figm'es,  the 
reUtiTe  positions  of  the  lines  13  and  11.  The  theodolite  bearing 
is  entered  to  shew  the  mode  of  doing  it.  The  correct  bearing  of 
the  line  is  entered  at  top,  the  opposite  bearing  beneath  it.  The 
o£&et8  to  the  neighbouring  fence  speak  for  themselves :  at  zero 
it  is  two  links  to  the  right  of  the  chain  line  ;  at  210,  on  the  line, 
it  is  twelve  to  the  right ;  at  280,  the  line  crosses  it ;  at  430,  it  is 
16  to  the  left;  at  520, 10  to  the  left ;  at  680,  the  line  crosses  it 
again ;  and  at  the  same  point  on  the  line,  it  is  59,  opposite  to  the 
corner  of  the  house,  the  dimenrions  of  which  are  given ;  but  to 
posirionise  winch  an  op.  on  another  line  is  required:  at  730 
another  fence,  running  to  the  comer  of  the  house  is  crossed,  at 
19  a,  or  19  along  which  the  first  fence  terminates :  at  1050  a 
point  is  crossed,  whidi  represents  zero  on  line  6  (or  0—6),  the  posi- 
tion of  which  line  is  also  relatively  shewn:  at  1115,  ti^e  line  is 
oppo^te  the  straight  portion  of  another  fence,  to  which  is  noted  an 
op.  of  230:  at  1136  it  crosses  that  fence  wihch  proceeds  3  a,  and 
then  tTims  ;  and  at  1250  l^e  line  terminates. 

If  the  actual  startbg  point  of  line  13  had  not  been  known  when 
12  was  measured,  so  that  when  13  was  chained,  it  had  become  ne- 
cessary to  measure  from  any  given  known  point  on  12  to  asc^ 
tain  such  starting  point,  such  distance  would  b^ve  to  be  expressed 
in  the  Field  Book,  and  added  to  or  subtmcted  from  the  e-iven 
point,  as  the  case  might  be.  Fig.  155  illustrates  this:  1600 — 12  is 
the  known  point,  beyond  which  36  links  had  to  be  measured  to 
the  starting  point  of — 13,  and  being  measured  beyond  the  known 
point  on  the  given  hne  had  to  be  added  thereto.  1350 — 11  is  the 
n^f est  known  point  to  which  the  line  proceeds ;  and  failing  on 


TBIQONOHETJBICAL  SURVEYING. 


271 


that  line  between  the  known  point  and  zero  the  remeasured  dis- 
tance 60  had  to  be  subtracted  from  the  known  quantities,  leaving 
1290  as  the  point  of  junction.  The  point  to  which  a  lineproceedg 
cannot  generally  be  filled  in  until  the  line  is  measured. 

By  a  strict  observance  to  this  mode  of  entering  the  field  notes, 
and- trusting  nothing  whatever  to  memory,  it  becomes  as  easy  to 
plot  the  work  ten  years  subsequent  to  the  survey  as  at  the  time. 
I  surreyed  in  or  about  the  year  1842  a  parish  containing  upwards 
of  fourteen  thousand  acres^  and  did  not  lay  down  a  line  of  it  until 
the  work  was  completed,  and  I  had  returned  to  my  office— a  cir- 
cumstance necessitated  by  the  impossibilily  of  getting  a  room 
sufficiently  large  for  the  map  (which  was  dghteen  feet  by  twelve 
feet)  within  the  parish  surrey^  And  as  a  further  proof  of  the 
excelleDCe  of  this  kind  of  Field  Book — ^requinng  Tery  recently  a 
replot  of  this  yery  survey^  I  placed  the  Field  ^ks  in  the  hands 
of  two  of  my  pupils,  who  produced,  notwithstanding  thecircum> 
stances  that  they  had  neyer  seen  the  parish,  and  knew  nothing  of 
the  surrey,  as  good  a  map  as  my  own  plot ;  indeed  the  operation 
of  plottmg  firom  such  a  Field  Book  is  perfectly  mechanical 


Sect.  II. — Trigononutneal  Surveying, 

• 

In  very  extensive  surveys,  such  as  the  Survey  of  the  United 
Kingdom,  now  being  carried  on  by  the  scientific  branch  of  the 
Ord  nance  Corps,  or  (to  illustrate  a  case  within  my  practice)  the 
Survey  of  the  Icluad  of  Guernsey,  which  I  am  conducting,  the 
methods  previously  described  would  not  be  at  all  ap])licable.  It 
would  neither  be  possible  to  lay  out  the  lines  of  construction,  nor 
to  measure  them  with  a  sufficient  degree  of  accuracy.  It  there- 
fore becomes  necessary  to  adopt  some  more  certain  mode  of  opera- 
tion by  an  extended  system  <^  triangulation,  on  the  data  of  one 
very  correctly  measured  base,  and  the  sides  calculated  therefrom, 
and  the  angles  trigged  at  the  vertices  of  the  respective  triangles. 

In  such  a  system  the  first  attention  must  be  turned  to  the 
selection  of  the  base,  which  should  he  as  long  as  it  possibly  can 
be,  in  proportion  to  the  extent  of  the  country,  and  should  be 
situate  in  a  level  fdain,  from  either  end  of  which  some  suit  ibl  : 
trigonometrical  points  can  be  seen*  In  the  Survey  of  the  Island 
of  Guernsey  the  base  line  was  chosen  in  a  straight  level  road. 

In  cases  requiring  more  than  ordinary  accuracy,  glass,  deal,  and 
platinum  rods  have  been  used,  laid  in  a  level  trough  purposely 
erected  for  the  occasion,  and  brought  into  contact  by  the  most  deli- 
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cate  and  carefiil  operations ;  but  for  nil  ordinary  pur{)Ose8,  a  careful 
admeasuremeat  by  the  chain,  taken  twice  in  contrary  directions, 
will  produce  results,  the  mean  of  wMch.  may  be  very  safely  taken 
as  the  correct  length  6f  the  base. 

I  liave  said  that  the  base  should  be  measured  In  a  level 
plfdii,  but  I  do  not  intend  to  imply  that  no  other  will  do.  Sodiat 
the  site  ofaosen  for  die  base  does  not  contain  irregulaiities  and 
undulations  of  snrfaoe,  a  gentle  fall  in  either  direction  can  ob- 
viously cause  no  other  inoonvenience  than  to  require  the  base  to 
be  levelled,  and  horn  the  hypothenusally  measured  base,  and  its 
perpendicular  height  at  one  end  above  the  other,  the  true  hori- 
zontal base  can  be  readily  obtained  by  any  of  the  Bules  of  Bight 
Angled  Triangles.  A  C  (fig.  103,)  b^ng  the  line  measured ; 
A  B  being  the  base  whose  length  is  required;  B  C  the  ascer- 
tained height  of  C  above  A :  or  the  angle  of  elevation  or  depres- 
sion mn  be  taken  with  the  theodolite  £rom  each  end  of  the  base, 
and  the  calculation  will  resolve  itself  into  the  case  of  a  right 
angled  triangle,  in  which  the  hypot^enuse  and  the  angles  are 
given  to  find  the  base.  But  the  base  so  found  evidently  requires 
some  further  reduction  to  render  it  mathematically  correct,  a(v 
cording  to  the  degree  of  elevation  at  which  it  is  situated  above 
the  level  of  the  sea. 

Ti  e  annexed  figure  will  serve  to  illustrate  the  nature  of  this 
reduction. 

a/)  h  the  level  of  the  sea,  or  an  arc  of  the 
earth's  circumference.    A  B  is  the  reduced  level  " 
base  or  a  parallel  arc,  the  distance  between  Avliich 
is  the  height  above  the  level  of  the  sea,  to  which 
the  ba^e  has  already  been  reduced. 

IS'ow,  the  length  of  the  arc  A  B  being  known, 
though  obviously  longer  than  it  should  be,  at 
the  level  of  the  sea,  and  the  radius  of  the 
earth  a  C  being  assumed  as  21,008,000  feet; 
it  is  evident  that  by  ascertaining  iJie  height 
of  a  above  A  the  correct  length  of  a  (  may  be 
ascertained ;  from  which  as  a  base,  we  can  calcu- 
late the  sides  of  a  number  of  triangles,  and  from  the  sides  of  these 
triangles,  forming  so  many  fresh  bases,  can  safely  determine  other 
trigonometrical  points,  until  the  whole  country  to  be  surveyed  is 
covered  with  a  net  work  of  triangles,  which  can  be  correctly 
delineated  upon  paper  in  their  true  geographioid  positions. 

The  following  is  the  fi>rmul»  for  making  this  correction : — 

From  the  sum  of  the  log  of  the  altitude  A  a,  and  the  log  of  the 
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base  A  B,  subtniot  ihe  log  of  the  sum  of  tlie  radius  and  altitade 
(a  G  +  A  a)  and  the  remainder  will  be  the  log  of  a  number  of  feet, 

(all  tbe  dimensions  being  taken  in  feet)  to  be  subtraoted  from  the 
base  AB,  to  produce  the  true  base  a  b» 
This  correction  will  not  be  required  in  ordinary  surveys,  luiless 

the  hose  measured  is  at  great  elevation. 

It  sometitnes  happens  that  the  len^h  of  a  ha?e,  or  distance 
between  two  points  eminently  qualified  as  stations  to  form  the 
extremitieB  of  a  base,  cannot  be  entirely  ascertained  by  actual 
admeasurement.  The  base  used  for  the  Ordnance  Survey  of  Ire- 
land was  lengthened  two  miles  by  calculation  beyond  the  mea- 
sured distance.  I  will  shew  how  this  can  be  done,  and  at  the 
same  time  be  made  to  test  the  accuracy  of  the  measured  base. 

Let  A  and  B  (lig.  156,)  be  two  elevated  positions,  wiiich  it  is 
desirable  to  eonstitute  extrcniitlcs  to  the  base,  and  let  it  be  pos- 
sible to  ascertain  by  admeasurement  the  length  of  the  line 
CDB. 

First :  the  line  between  A  and  B  is  correctly  staked  out  by  the 
theodolite  or  transit  instrument,  and  permanent  marks  are  made 
at  ODE  F  and  a. 

Secondly,  the  line  is  measured  from  C  to     and  from  D  to  E ; 
and  lastly,  the  following  angles  are  taJken : — 
At  A.  FAB  and  BAG. 
AtC.  AOF;  FCB;  BGG;  andaO A. 
At  D.   ADF;  FDB;  BDG;  and  GDA. 
AtE.  AEF;  FEB;  BEG;  andGEA. 
AtB.   ABF;  and  ABG. 
AtF.   AFC;  CFD;  DFE;  andEFB. 
AndatG,   A  G  C;  C  G  D;  D  G  E;  and  E  G  B. 
Now  by  calculation  we  have  first  the  triangle  C  I>F,  in  whicli 
are  given  the  base  C  D,  and  all  the  angles,  to  find  the  rides  C  F 
andDF. 

Secondly,  the  triangle  D  E  F ;  given  the  base  D  E,  and  all  the 
angles,  to  find  the  sides  D  F  and  F  E. 

Thirdly,  the  triangle  C  E  F ;  given  the  base  C  E,  and  all  the 

angles,  to  find  the  f'h^c^  C  F  and  E  F. 

Now  the  side  D  i^"  being  common  to  the  first  and  second 
triangles,  if  the  admeasurement  of  the  base  and  anglea  have  been 
correctly  taken,  the  result  in  each  case  should  correspond. 

And  the  side  C  F  Ijcing  conrmiou  to  the  first  and  third  triangles, 
and  the  side  E  F  to  the  second  and  tliird,  the  results  of  the  'cal- 
culations should  also  correspond,  and  if  they  do  the  admeasure- 
ment of  the  two  sections  of  the  base  C  E  is  proved  to  be  correct. 
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The  same  operation  takes  place  on  the  oppoEdte  ode  of  the  base 
with  the  seveial  triangles  CD      DEG;  andCEG. 

And  thus  we  obtain  lota  of  data  for  the  calculation  of  the  per- 
fect base  AB. 

I'irst,  we  have  the  triangle  G  F  A5  with  base  G  and  all  the 
angles  known,  to  find  A  G. 

Secondly— The  triangle  DFA,  with  base  DF,  and  all  the 
angles,  to  find  A  D. 

Thirdly— The  triangle  E  F  A,  with  base  E  F,  and  all  the 
angles,  to  find  E  A. 

Fourthly— The  triangle  EFB,  with  base  EF,  and  all  the 
angles,  to  find  E  B. 

And  fifthly— The  triangle  AF  B,  with  base  A  F,  and  aU  the 
angles,  to  find  A  B. 

It  will  be  obvious  that  the  calcnlations  and  tests  can  be  carried 
on  through  several  other  triangles^  on  the  same  side  of  the  base, 
and  a  corresponding  number  on  the  opposite  side ;  but  sufficient 
has  been  said  to  elucidate  the  principle,  and  if  A  D,  as  found  in 
the  second  triangle,  is  equal  to  tlie  measured  length  C  D,  plus 
A  C,  as  found  in  the  first  triangle  ;  and  A  E,  as  found  in  the 
third  triangle,  is  equal  to  the  measured  length  C  E,  plus  A  C, 
there  can  be  no  doubt  as  to  the  accuracy  of  either  A  C ;  C  D ;  or 
D  E.  And  if  the  lenjrth  A  B,  as  found  by  the  fifth  triangle,  is 
equal  to  E  B,  as  found  by  the  fourth,  plus  A  C,  plus  C  D,  plus 
D  E,  there  is  suthcient  proof  of  the  aoouraoy  of  the  whole  base 
without  reference  to  other  triangles. 

The  best  triangles  in  tlic  example  before  us,  from  which  to 
coiupuLe  the  base,  \v(  iiM  liave  been  ADF  and  A  D  G  for  the 
length  A  D  ;  and  D  1  ii,  and  D  CI  B  for  the  length  D  B,  the  sides 
D  and  D  G  l)eing  taken  as  the  mean  result  of  the  calculationB  of 
the  triangles  C  D  E  and  C  D  G,  and  D  E  F  and  DEG. 

Those  who  would  pursue  the  subject  of  bases^  beyond  these  re- 
marks, will  fbd  the  accounts  of  the  admeasurement  of  the  base 
lines  for  the  Ordnance  Surveys  of  England  and  Ireland  very  in- 
teresting. The  acconnt  of  the  fbnner  operation  was  published  in 
1801 ;  and  of  the  latter  very  recently  by  Captain  Tolland^  BoyaL 
Engineers. 

Detailed  accounts  of  the  methods  adopted  at  various  times  upon 
the  Continent  may  be  found  in  many  standard  works — "  RecueS 
dea  Ohservaiums  G^odetiques,  par  Biot  et  AragoJ^  Ihasacmt, 
ZVat^  de  GMeneJ*  "Bobb  du  SyOeme  Mitrique  Deemudf  and 
the  works  of  Cassini,  Cobnel  Lampton,  &c 
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Triangulatioa, 

The  second  process  in  a  trigonometrical  survey  is  to  select  a 
number  of  conspicuous  stations  on  tlie  highest  hiUs  as  trigonome- 
trical points,  which  may  ^ther  oonnst  of  pronunent  objects  such 
as  chntches,  windmills,  towers^  and  trees,  or  they  may  be  artificial 
erections  of  poles,  £ag  staves,  &c. ;  the  latter  possessing  the  advan- 
tage, if  the  points  are  intended  as  theodolite  stations,  firom  which 
to  trig  other  angles,  inasmuch  as  they  can  be  moved  to  allow  the 
theodolite  to  he  placed  over  the  exact  point ;  hut  the  former  aro 
preferable  as  the  stations  of  scondary  triangles,  in  which  it  is  not 
considered  necessary  to  trig  the  third  angle.  The  nearer  the 
triangles  are  equilateral  the  less  will  be  the  error  produced  by  any 
lia.ult  in  taking  the  angles ;  and  as  the  base  is  generally  shorter  than 
it  is  desirable  to  retain  the  sides  of  the  principal  triangles^  they 
should  be  enlarged  gradually  in  the  following  manner,  until  they 
attain  a  length  in  proportion  to  the  nature  of  the  work  and  the 
power  of  the  instruments  employed. 

Fig.  157  is  an  illustration.  A  JJ  i.^  the  base  from  which  the 
several  sides  of  the  triangles  A  B  D  and  A  B  C  are  computed. 
From  B  D  and  B  C,  and  the  contained  angle,  we  obtain  G  as 
well  as  from  A  D  and  A  C,  and  the  contained  angles*  The  mean 
of  these  results  is  taken  as  a  new  base  for  the  triangles  ODE  and 
CDF,  and  in  like  manner  £ F  is  obtained.  From  £  F  we  pro^ 
ceed  to  find  G  H,  which  has  now  acquired  a  length  suffident  to 
take  a  place  as  a  side  of  one  of  the  main  triangles  G  H  L  Upon 
HI  is  built  I  K,  and  so  the  work  proceeds. 

It  is  always  desirable,  but  of  course  not  necessary,  to  take  all  the 
angles  of  each  triangle ;  therefore,  while  the  theodolite  is  in  use  at 
any  station,  all  objects  that  can  be  intersected  should  be  trigged; 
they  will  be  found  of  infinite  service  in  filling  in,**  and  can  never 
he  more  accurately  fixed  in  position* 

Fig.  158  will  represent  my  meaning.  ABC  and  ABDare 
two  triangles,  and  A  B  G  D  are  stations,  at  which  the  theodolite 
will  be  placed  for  the  angles  of  those  triangles.  £  F  G  H I K  and 
Jj  are  objects  visible  from  two,  and  some  of  them  &om  three,  of 
these  stations,  which  are  readily  fixed  in  position  by  arranging 
them  in  triangles  and  taking  the  angles.  Where  ohjects  are  thus 
taken  from  three  stations,  the  distances  obtained  become  a  oheok 
upon  each  other. 

It  frequently  happens  that  the  objects  best  adaj)ted  to  form 
points  in  a  triangle  are  inaccessible,  and  the  thcoilolite  cannot  be 
placed  over  the  centre  of  the  station.   It  then  becomes  necessary 
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to  reduce  the  angles  iaken  to  tibe  centre."  Cases  of  this  nature  are 
of  three  Idnds: — ^First,  when  the  nearest  point  at  which  the  theo- 
dolite can  be  pkced  is  wiilmi  the  triangle;  secondly^  when  it  is  with- 
out; and  thirdljj  when  it  is  on  one  of  the  sides  of  the  triangle. 

Fig.  159  represents  the  first  case.  AB  C  is  the  triangle,  A  is 
the  angle  required,  and  D  is  the  nearest  point  at  which  it  can  be 
approached  by  the  instrument.  Measure  A  D,  and  take  the  angle 
BD  A,  B  DC,  and  CD  A. 

Now  the  angle  B  D  C  =  the  <  B  A  C  +  <  AB  D  +  A  C  D. 
Suppose  A  B,  whose  length  is  known,  to  he  the  base  of  the  triangle 
ABC.  Then  in  the  triangle  A  B  D  wo  have  the  sides  A  B  and 
A  D  and  <  A  D  B  to  jfind  the  remrnninfj  uiii/ks,  and  the  side  B  D. 
Deduct  the  angle  A  B  D  from  ABC,  and  we  have  in  the  triangle 
B  C  D  the  side  B  D,  and  the  angles  BBC  and  B  D  C  to  find  the  side 
D  C.  And  lastly,  in  the  triangle  CD  A  we  have  the  sides  A  D 
and  D  C,  and  the  contained  angle  to  find  the  remaining  angles. 

From  the  angle  B  D  C  subtract  the  angle  A  B  D,  plus  A  C 
and  the  remainder  is  the  angle  B  A  C,  which  should  also  equal  the 
angle  B  A     plus  D  A  0. 

Case  2  is  illustrated  hy  Fig.  160.  A  B  C  is  again  the  triangle, 
of  which  A  B  is  the  hase.  D  is  the  theodolite  station.  The  angle 
B  E  C  equals  the  angle  B  D  C  plus  the  angle  DBA;  and  the 
angle  BEG  equals  the  angle  BAG  plus  the  angle  EGA.  Hence 
we.  must  find  the  angles  D  B  A,  B  E  C,  and  E  C  A«  and  from  these 
the  angle  B  A  G  is  attainahle. 

Gase  3  is  when  the  position  of  the  theodolite  is  upon  one  of  the 
sides  of  the  triangle^  which  is  the  most  simple  case  of  the  three. 

The  distance  AD  (fig.  161)  being  measured,  the  remaining 
distance  of  the  base  is  known;  and  the  angle  B  D  G  being  equal 
to  the  angle  BAG  plus  the  angle  A  C  D,  wc  have  only  to  find 
the  latter  angle^  and  subtract  it  from  B  D  G>  and  it  will  give  the 
angle  B  A  C  required* 

It  is  not  always  possible  to  ascertain  A  D,  or  the  distance  of 
the  theodolite  from  the  centre  of  the  station  by  actual  admeasure- 
ment ;  in  such  cases  a  short  base  must  be  measured  from  the  theo- 
dolite in  any  direction,  and  the  distance  found  by  a  small  triangle 
BE  A,  (fig.  162.) 

If  the  triangles  and  the  instruments  made  use  of  are  very  large, 
a  correction  for  spherical  excess  becomes  necessary  ;  but  in  smaller 
instruments  thi.o  correction  is  too  minute  to  be  noticed,  in  com- 
parison with  the  unavoidably  greater  errors  of  observation  to  which 
they  arc  subject. 

In  the  conduct  of  a  trigonometrical  survey,  it  not  uufre- 
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quently  beoomfis  necessary  to  visit  the  same  theodolite  station 
a  number  of  times,  sometimes  after  the  lapse  of  a  consider^ 
able  interval;  and  although  every  care  may  have  been  taken 
to  mark  the  station  vrell,  it  may  from  some  cause  or  other  be  lost^; 
hence  it  is  desirable  that  a  ready  and  a  certain  method  of  finding  a 
lost  station  f^hould  be  known  to  tibe  surveyor. 

Let  ABC  and  D,  (fig,  163,)  be  trigonometrical  points,  whose 
distances  from  eadh  other  have  been  previously  determined.  Let 
A  be  the  lost  station,  and  B  C  and  D  conspicuous  objects. 

Set  tip  the  theodolite  as  near  the  point  A  as  can  be  surmised. 
In  the  figure  this  point  is  represented  by  but  it  is  necessary  to 
observe  that  the  distance  from  E  to  A  is  there  much  greater  in  pro- 
portion to  the  other  sides  of  the  triangles  than  it  sbould  ever  be 
practiced :  it  was  impossible  to  render  the  figure  dear  and  distinct 
without  makinrr  this  so. 

At  E  take  the  auglcs  B  E  C  and  C  E  D,  which  being  larger 
than  the  original  angles  B  A  C  and  C  A  D,  it  is  evident  the  point 
is  within  the  circumscribing  circles  of  those  triangles.  Had  oiir 
angle::)  been  smaller  than  the  original,  the  point  would  Lave  been 
without  the  circumscril)ing  circles.  Now,  consider  the  angle  A  of 
the  triangle  A  B  C  to  be  altered  to  the  value  of  the  angle  BE  C, 
and  that  the  other  angle  diminished  thereby  is  the  angle  C.  With 
B  C  as  a  base,  and  these  angles  compute  the  side  B  F  of  the  trian- 
gle B  F  C,  subtract  B  F  from  A,  produce  B  E,  and  make  E  G  equal 
to  F  A>  and  at  G  plant  a  picket.  Again,  consider  the  an^e  A  as 
of  the  value  of  B  £  C,  and  that  the  angle  B  is  diminished  in 
consequence,  find  C  H  and  H  A>  produce  C  E  to  I,  making  £  I 
equal  to  H  A. 

In  similar  manner  treat  the  angles  of  the  other  triangle  C  D  A» 
and  find  AK  and  A  M ;  produce  C  £  to  L ;  making  £  L  equal 
A  E ;  produce  D  £  to  N,  makmg  £  N  equal  A  M.  The  intersec- 
tion of  the  lines  G I  and  L  will  be  the  lost  station,  provided  all 
the  observations  and  calculations  have  been  taken  with  sufficient 
accuracy.  To  verify  it  the  theodolite  must  now  be  pkioed  on  the 
point  supposed  to  be  the  point  A,  and  the  angles  between  B  C  and 
C  J)  retaken ;  if  these  read  the  same  as  the  original  the  point  is  rights 
but  if  not,  it  must  be  used  as  a  second  trial  station,  and  the  opera- 
tion repeated.  It  is  better,  when  possible,  to  let  the  operation 
embrace  three  previous  triangles^  because  if  any  mistake  is  made 
in  calculation,  the  three  lines  will  not  intersect  each  other  at  a 
point,  but  will  leave  a  small  triangle  between  them,  the  centre  of 
which  should  be  taken  as  the  second  trial  station.  On  the  other 
hand,  if  they  do  intersect  each  other  at  the  same  point,  it  affords 
strong  proof  of  the  accuracy  of  the  whole  work. 
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If  the  first  trial  statioiifiLUB  without  the  circumsdibmg  drdeof 
the  original  triangle,  the  operation  is  precisely  the  same  in  every 
particular^  excepting  that  ike  differences  of  distance  between  the 
rides  found;  and  the  original  sides  are  set  off  firom  the  trial  station 
£  towards  the  points  B  C  and  instead  of  producing  those  lines^ 
as  in  the  former  case. 

It  often  becomes  (!esiral:)lc  to  fix  the  position  of  a  station  by 
means  of  the  angles  taken  at  tliat  station  only.  This  may  always 
be  done  if  three  objects  are  visible,  whose  distances  fjrom  each 
other,  forming  three  sides  of  a  triangle,  are  known. 

Let  A  B  C,  (fig.  164,)  be  three  objects,  whose  several  distances 
from  each  other  (A  B,  A  C,  and  B  C)  are  known. 

Let  D  be  the  point  whose  position  it  is  required  to  iix. 

The  angles  ADC  and  C  D  B  are  taken. 

Now,  by  inspection  of  the  diagiam,  it  is  obvious  that  if  about 
the  points  A  B  D  we  circumscrilte  a  circle,  the  angle  E  A  B  must 
equal  the  anjzlc  EDB  (being  in  the  same  segment  of  a  cucic, 
Enclid  B  3,  Frup.  2iy,  and  the  angle  ABE  equal  the  <  A  D  E. 
Therefore  in  the  triangle  A  B  E  we  have  the  base  A  B,  and  all  the 
angles  to  find  the  sides  A  E  and  B 

la  the  triangle  ABC,  the  angles  are  either  known  or  can  he 
ascertained  by  calculation  of  the  odes. 

From  the  angle  CAB  subtract  the  <  E  AB,  the  remainder  is 
tibe  <  C  A  E>  from  whidi,  andtiie  two  sides  A  C  and  A  E  find  the 
<  ACEsACD.  Then  with  the  base  A  C,  and  angles  A  C  D 
and  AD  C,  find  the  sides  A  D  and  C  D. 

Again,  £tcm  tiie  angle  ABC,  deduct  the  <  A  B  the  remainder 
is  the  <  E  BC,  from  which,  and  the  two  sides  B  E  and  B  C,  find 
the  angle  BCEsBCD.  Then  with  the  base  BC,andangle8 
BCD  and  BDC,  find  BD  and  CD.  CD  being  common  to 
both  calculations,  proves  the  latter  part  of  the  work. 

But  the  vertex  C  of  the  triangle  ABC  will  sometimes  be  turned 
towards  the  place  of  observation  B,  as  in  fig.  165. 

Very  little  difference  takes  place  in  the  arrangement  of  the  cal- 
culation. AB,  A  C  and  B  C  are  known,  and  consequently  thdr 
contained  angles.  The  angle  ADC  =the  <  ADE  =  the< 
ABE,  andthe<  CDB^the  <£DB=tiie  angle  EAB  are 
also  known. 

Therefore  in  the  triangle  ABE,  the  base  A B  and  angles 

ABE  and  B  A  E  are  given  to  find  the  sides  A  E  and  B  E. 

In  the  triangle  ACE  are  given  the  sides  A  C  and  A  E,  and 
the  angle  C  A  E  =  E  A  B  plus  B  A  C  to  find  the  angle  ACE. 

^ow,  the  angle  A0£  is  the  external  angle  of  the  triangle 
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A  G  and  (Euc.  B  1,  Prop.  32)  equal  to  the  two  internal  oppo- 
posite  angles  CAD  and  C  D  A. 

Hence,  if  from  the  angle  A  C  E  be  taken  the  angle  CD  A,  the  re- 
mainder is  the  <C  AD,  and  in  the  triangle  A  CD  we  have  the  base 

A  C,  and  all  the  angles  given  to  find  the  other  eides  C  D  and  A  D. 

In  like  mariner  is  found  the  <  i3  C  E  in  the  triangle  B  C  E ;  and 
the  <  B  C  E  being  known,  <  '  C  D  B  and  BCD  are  also  known; 
and  the  sides  B  D  and  C  D  are  foimd  from  the  base  B  C. 

Tho  three  known  objects  A  B  and  C  may  possibly  fall  in  one 
Btraigiit  line,  such  as  three  stations  of  a  base  line. 

Fiir.  IBfi  represents  this  case,  ^ow,  the<  ADC=the< 
A  i>  E  =  the  <  ABE  is  known.  And  the  <  C  D  B  =  the  < 
E  D  B  =  the  <  E  A  B  is  also  known. 

Therefore,  in  the  triangle  A  B  E  ,  ihe  base  A  B,  and  all  the  angles 
arc  known  to  find  the  sides  A  E  and  B  E. 

Next,  the  sides  A  C  and  A  E  and  the  contained  <  being  known, 
the  <  A  C  E  is  determined.  And  the  <  A  C  £  being  the  external 
<  of  the  triangle  A  G  D,  the  angles  of  that  triangle^  and  the  base 
A  C,  are  given  to  find  the  sides  A  D  and  O  D. 

And  again,  B  C  and  B  £,  with  the  contained  <  being  Inxown, 
the  <  B C  £  is  obtainable ;  and  the  < B  C£  being  the  external  < 
of  the  triangle  B  C  D,  we  have  all  the  angles,  and  base  B  0  of  that 
triangle  given  to  find  the  sides  C  D  and  B  D. 

But  the  point  of  observation  D  will  sometimes  fall  within  the 
triangle  ABC. 

Let  fig.  167  illustrate  this  case. 

Now,  the  <  A  D  C  is  known,  and  the  <  AD E  being  the  sup- 
plement of  <  ADC  is  also  known;  and  the  <  AB  E  standing 
within  the  same  segment,  is  equal  to<BDE;  <CDBis  known ; 
and  <  E  DB  is  the  supplement  of  <  C DB,  and  <*  B D £  and 
B  A  £  being  within  the  same  segment,  are  equal. 

Therefore,  in  the  triangle  ABE,  the  base  A B  and  all  the  an- 
gles are  given,  and  the  sides  A  £  and  B  E  can  be  thus  obtuned. 

The  angles  within  the  known  triangle  ABC  are  also  given  or 
obtainable. 

Next,  in  the  triangle  C  A  E,  the  sides  A  C  and  A  E  are  known 
and  the  contained  angle  (equal  the  <  C  A  B  plus  <  B  AE)  to  find 
the  <  ACE  =  <  ACD. 

In  the  triangle  A  C  D,  the  base  AC  and  all  the  angles  are  given 
to  find  the  sides  A  D  and  C  D. 

Again,  in  the  triangle  C  B  E,  the  sidej^  B  C  and  B  E  and  the 
contained  angle  (ecjual  the  <ABC  +  <ABE)  are  given  to  find 
the<BCE=<£CB. 
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Lastly,  in  the  triangle  B  C  D,  the  base  B  C  and  all  the  anglea 
are  given  to  tind  the  sides  B  D  and  C  D. 

It  is  sometimes  desirable  to  fix  the  positioiis  of  two  new  stations 
hj  means  of  obserFationSj  taken  at  those  two  stations  with  zefe- 
lenoe  to  two  old  stations,  whose  distances  from  each  other  are  known. 

Let  A  and  B»  (fig.  168^)  represent  the  old  stations,  and  C  and  D 
the  new ;  it  is  required  to  know  the  distances  A  0,  B  G>  A  D, 
BD,andCD. 

At  C  take  the  angles  A CB  and  BCD,  and  at  I>  take  the<' 
CDAand  ADB. 

To  compute  the  triangles  assume  CD,  equal  any  convenient 
distance  G  F. 

Then  with  base  GF and  angles  AGF  -  ACD,  and  AFG  » 

ADC,  find  AF  and  AG. 
In  like  maDner  find  E  F  and  £  G. 

Then  with  the  sides  AG  and  the  contained  <  A G£  =  < 
ACB,findAE. 

Again  (as  a  proof)  with  the  sides  A  F  and  £ F,  and  <  AF £ 
=  <  ADB,  find  AH 
Then,  As  AB  :  AE  : :  AG  :  A  C. 
As  AB:  AE  : :  EG  :  BC. 
As  AB  :  AE  :  :  AF  :  AD. 
As  AB  :  AE  :i  EF  :  BD. 
As  AB;  AE::  GF:  CD. 

M&vng  in. 

The  interior  details  of  a  Trigonometrical  Survey  can  be  "filled 
in,"  in  the  same  manner  as  previously  described  for  the  filling;  in 
of  a  parish  or  estate  survey,  or  by  a  traverse.  The  distances  from, 
one  trigonometrical  poiut  to  another  can  be  chained,  and  between 
these  lines  other  lines  can  be  laid  out  and  measured,  as  often  as 
circumstances  may  require.   Fig.  169  will  illustrate  this  method. 


Sboi.  m. — Tr(wers6  Svarveying 

Ib  a  method  of  surveying  by  means  of  a  chain  and  theodolite, 
or  other  angular  instrument  (according  to  the  degree  of  accuracy 
required),  which  is  frequently  resorted  to  in  filling  in  the  roads 
on  a  trigonometrical  survey,  where  it  is  sometimes  imposable  to 
adopt  the  more  accurate,  though  less  expeditious  method  of  chain- 
ing between  every  trigged  station,  and  filling  up  the  interior  by 
through  lines.   My  survey  of  Ghiemsey  is  conducted  in  this  way. 
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Hie  objects  chosen  to  form  the  vertices  of  the  principal  triangles 
(consistiiig  of  twelve  windmills,  seven  church  steeples,  several 
martello  and  other  towers,  batteries,  signal  masts,  &c.)  occupy  for 
the  most  part  such  inaccessible  positions,  and  the  country  gene- 
rally is  so  irregular  and  broken  as  to  render  any  attempt  to  chain 
some  of  the  sides  of  the  triangles  ridiculously  futile. 

The  *'  traverse  system,'*  while  it  possesses  the  advantage  noticed 
above,  also  possesses  another  advantage  with  reference  to  the 
Qtienuiey  Survey,  inasmuch  as  it  enables  the  survey  of  the  nume- 
rous roads  with  which  the  Island  is  covered  to  be  proceeded  with 
during  the  fine  weather  of  the  summer  months,  which  would  have 
been  entirely  prevented  hy  the  crops  had  the  "  right  line"  system 
of  filling  in  been  exclusively  adopted. 

The  little  blocks  between  the  roads  are  aflterwards  filled  in  by 
a  system  of  through  lines  from  road  to  road,  in  the  same  manner 
as  though  the  roads  bounded  a  right  line  triangle. 

Fig.  170  represents  the  mode  of  carrying  on  a  traverse  survey. 

ABC  are  the  points  of  a  triangle,  whose  positions  have  been 
computed. 

From  A,  Ime  1,  proceeds  by  the  nearest  accessible  route  into 
the  road ;  lines  2,  3,  4,  cS:c.,  continue  along  the  road  until  the  end 
of  line  9,  whioh  has  arrived  opposite  the  station  B  to  which  line  10 
is  directed.  Lines  11,  12,  13,  14,  15,  again  proceed  iu  the  road; 
and  16  starting  from  station  C,  and  crossing  the  end  of  line  15, 
continue^  the  traverse  along  the  road,  and  closes  by  line  20  falling 
upon  the  end  of  line  1  and  beginning  of  line  2.  Line  21  com- 
mences at  a  point  on  line  7,  and  proceeds  to  traverse  the  intersect- 
ing  road,  which  is  completed  by  line  2d  iklliug  upon  line  14. 

The  angles  are  now  taken,  and  an  opportunity  is  afforded,  with- 
out much  (if  any)  loss  of  time,  for  rechaining  the  lines  without  the 
ofl&ets,  as  a  proof  of  their  accuracy. 

The  theodolite  being  placed  at  station  A,  is  adjusted  and  set  to 
zero,  and  the  telescope  is  directed  to  the  magnetic  meridian,  or 
in  other  words,  the  entire  head  of  the  instrument  is  turned  round 
until  the  marked  end  of  tiie  needle  points  to  zero  in  the  compass 
box— the  other  or  south  end  pointing  to  180*^. 

The  lower  plate  is  then  clamped,  and  the  upper  plate  undamped, 
and  the  telescope  is  directed  at  station  B :  the  bearing  of  which  is 
read  off  and  entered ;  the  upper  plate  is  again  undamped,  and  the 
bearing  of  line  1  is  taken  and  entered. 

The  instrument  is  now  taken  to  the  beginning  of  line  2,  and 
there  set  up  and  adjusted.  The  telescope  is  turned  upon  line  1, 
and  since  the  upper  plate  has  not  been  touched  since  the  bearing 
u 
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of  line  1  was  taken,  it  Btill  rcmaiiis  damped  at  that  bearing  (hut 
this  should  always  be  verified  by  examioation,  as  the  operation  of 
carrying  the  instrument  from  one  station  to  another  will  some- 
times shake  it  a  little  out  of  place  if  the  clamp  screws  arc  not  very 
securely  fastened),  and  the  screws  may  also  be  inadvertently 
touched  in  the  process  of  levelling  the  instrument. 

It  being  obvious  that  tlie  telescope  and  limb  being  now  in  a 
position  exactly  parallel  to  the  one  they  occupied  at  the  station  A, 
excepting  ihaX  they  have  been  reversed  180°,  the  needle  should, 
when  set  free,  settle  down  at  the  same  bearing  as  above,  saving 
that  the  reading  which  was  before  at  the  marked  or  north  end  is 
now  at  the  south  end,  consequent  upon  the  reversion  of  the  in- 
strament.  Clamp  the  limb,  or  lower  plate,  and  uuclainp  the 
upper  one;  and  as  this  is  the  point  at  which  line  20  closes 
the  work,  direct  the  telescope  upon  that  line,  before  the  bearing 
of  line  2  is  taken,  so  that  the  last  reading  at  the  station  may 
be  the  bearing  of  the  line  from  which  the  next  line  of  the 
series  proceeds. 

Here  I  should  observe,  that  the  compass  or  real  bearing  of  the 
line,  when  the  instrument  follows  the  work  in  the  same  direction 
as  the  lines  were  measured,  being  always  the  bearing  indicated  by 
the  marked  end  of  the  needle  (as  taken  at  the  beginning  of  any 
line"),  it  should  always  be  written  uppermost;  the  otber  or  ''op- 
posite'* bearing,  which  differs  from  the  real  bearing  exactly  180^, 
being  placed  below.  Strict  attention  to  this  will  serve  to  denote 
at  any  future  time  the  direction  of  the  lines;  and  as  line  20  is  now 
taken  at  the  end  instead  of  the  beginning,  the  bearing  indicated 
by  the  north  end  of  the  needle  will  be  the  «  opposite"  bearing  of 
the  line  when  the  instrument  is  placed  in  true  position  with  re- 
spect to  it,  and  it  must  be  so  entered  accordingly. 

The  bearing  of  line  2  being  taken,  the  instrument  is  moved  to 
line  3,  and  in  like  manner  the  work  proceeds  regularly  until  it 
arrives  at  line  10,  wlien  the  instrument  being  placed  on  station  B, 
and  directed  at  A,  the  bearing  of  A  B  phoidd  rear!  the  same  (re- 
versed) as  it  read  at  A;  if  it  does,  the  angles  have  all  been  correctly 
taken  ;  if  not,  there  is  an  error  which  must  be  detected  before 
greater  mischief  is  done.  Assuming  the  work  to  be  correct  the 
bearinor  of  A  C  is  taken  from  B,  and  also  the  bearing  of  the 
station  terming  the  end  of  line  11,  and  the  beginning  of  12,  to 
wliieh  the  instrument  is  next  removed,  and  being  adjusted  and 
levelled,  and  directed  at  the  back  bearing  of  A  B,  the  bearing  of 
line  11  is  taken,  and  then  of  line  12 ;  and  so  we  proe^ed  until  the 
end  of  line  14 ;  from  whence,  if  visible,  after  taking  the  bearing 
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of  line  15,  we  take  tbe  bearing  of  a  C,  to  which  station  we  next 
remove  the  instrument,  and  verify  the  bearing  of  B  C.  We  then 
take  the  bearing  of  C  A,  and  after  that  of  line  16,  and  proceed  to 
doae  our  work  with  line  20,  the  bearing  of  which  should  pr9ve 
tbe  same  as  at  first  taken  firom  line  2. 

The  instrument  is  now  taken  to  line  21.  The  nonius  is  ad- 
justed to  the  bearing  of  line  7,  to  the  most  distant  end  of  which 
the  telescope  is  directed,  and  from  it  i?  takf^n  the  bearing  of  line 
21  ;  and  the  work  proceeds  in  the  same  manner  until  the  end  of 
26,  where  thf'  instrument  beiriir  set  up,  nmJ  directed  from  the 
bearing  of  line  26  to  line  14,  the  beariu^-  ol  iliis  latter  line  should 
provp  t}ip  same,  or  very  nearly,  as  when  taken  in  the  first  series; 
and  tliis  again  proves  the  work. 

It  wOl  not  be  possible  at  all  times  to  set  the  theodolite  over  the 
trigonometrical  station ;  but  it  is  «xenerally  practicable  to  place  it 
in  line  between  two  stations,  .su  thai  the  bearing  thereof  may  be 
taken,  from  which  a  bearing  may  be  taken  to  some  spot  on  the 
first  line  from  whence  the  bearing  of  the  first  line  may  be 
taken. 

No  directions  that  can  be  written  will  render  a  person  an  ex- 
pert surveyor :  practice  alone  will  effect  that  Enough  has  been 
said  to  convey  a  knowledge  of  the  theory,  the  piactice  should  be 
acquired  under  the  instructions  of  some  able  master. 


Sbct.  IV. — Instruments, 

THIS  FBI8MATI0  GOJUPASS. 

With  this  instrument  horizontal  angles  can  be  observed  with 
great  rapidity,  and,  when  used  with  a  tripod  stand,  with  a  con- 
siderable degree  of  accuracy.  It  is,  consequently,  a  very  valuable 
instrument  to  the  mihtary  surv^or,  who  can  make  his  observa- 
tions with  it,  while  holding  it  in  his  hand,  with  all  the  accuracy 
neoeseaiy  for  a  military  sketch.  It  is  also  a  useful  instrument  for 
filling  in  the  detail  of  an  extensiye  survey,*  after  the  prindpal 
points  have  been  laid  down  by  means  of  observations  made  with 

*  The  prismai^  o&mpan  was  tiwd  for  this  {rarpose  by  th«  gentlemen  ragaged  in 
making  the  Ordnance  Savveys* 
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the  theodolite,  hereafter  to  be  described,  and  for  any  purpose  in 
short,  in  which  the  portability  of  the  instriinieiit  and  rapidity  of 
execution  are  of  more  importance  than  extreme  accuracy. 

C  is  a  compass  card  divided 
usually  to  every  20^  or  tliird 
part  of  a  degree,  and  lin  ving 
attached  to  its  under  side  a 
ma«^netic  needle,  which  turns 
upon  an  agate  centre,  o,  fixed 
in  the  box  b;  n  is  a  spring 
which,  being  touched  by  tlie 
finger,  acts  upon  the  card, 
and  checks  its  vibrations,  so 
as  to  brmg  it  sooner  to  rest 
when  making  an  obser\  ation ; 
S  is  the  sight-vane,  having 
a  fine  thread  stretched  along  its  opemug,  by  which  the 
point  to  be  observed  with  the  instrument  is  to  be  bisected.  The 
sight-vane  is  mounted  upon  a  hinge-joint,  so  that  it  can  be  turned 
down  flat  in  the  box  when  not  in  use.  P  is  the  prism  attached 
to  a  plate  sliding  in  a  socket,  and  thus  admitting  of  being  raised 
or  lowered  at  pleasure,  and  also  supplied  with  a  hinge-joint,  so 
that  it  can  be  turned  down  into  the  box  when  not  in  use.  In  the 
pUte  to  which  the  prism  is  attached,  and  which  projects  beyond 
the  prism,  is  a  narrow  slit,  forming  the  sight  through  which  the 
vision  is  directed  when  making  an  observation.  On  looking 
through  this  slit,  and  raising  or  lowering  the  prism  in  its  socket, 
distinct  vision  of  the  divisions  on  the  compass  card  immediately 
under  the  sight-vane  is  Boon  obtained,  and  these  diTisions,  seen 
through  the  prism,  all  appear,  as  each  is  succesdvely  brought  into 
ooinddenoe  with  the  thread  of  the  sight-vane  by  turning  the  in- 
strument round,  as  continuations  of  the  thread,  whid^  is  seen 
directly  through  the  part  of  the  slit  that  projects  beyond  the 
prism. 

The  method  of  using  the  instrument  is  as  follows : — The  sight- 
vane  S,  and  tbp  prism  P,  being  turned  up  upon  their  hinge -joints, 
as  rpprPFcnted  in  onr  figure,  hold  the  instrument  as  nearly  in  an 
horizontal  position  as  you  can  judge;  or,  if  it  be  used  with  a  tripod 
stand,  set  it  as  nearly  as  you  oan  in  a  horizontal  position  by 
moving  tlie  legs  of  the  stand,  so  that  the  card  may  play  freely. 
Kaise  the  prism  in  its  socket  till  the  divisioaa  upon  the  card  are 
seen  distinctly  through  the  prism,  and,  turning  the  instrument 
round,  until  the  object  to  be  observed  is  seen  through  the  portion 
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of  the  slit  projecting  beyond  the  prism  in  exact  coincidence  with 
the  thiead  of  the  aight-vanei  hring  the  card  to  rest  hj  touch' 
ing  the  spring  n ;  and  then  the  reading  at  the  division  upon  the 
card,  which  appears  in  coincidence  with  the  prolongation  of  the 
thread,  g^ves  the  magnetic  azimuth  of  the  object  observed,  or  the 
angle  which  a  straight  line,  drawn  from  the  eye  to  the  object, 
makes  with  the  magnetic  meridian.*  The  magnetic  azimuth  of  a 
second  object  being  obtained  in  the  same  manner,  the  difference 
between  these  two  azimuths  is  the  angle  subtended  by  the  objects 
at  the  place  of  the  eye,  and,  which  is  an  important  point,  is  inde- 
pendent of  anj  error  in  the  azimuths,  arising  from  the  slit  in  the 
prism  not  bmg  diametrically  opposite  to  the  thread  of  the  sight' 
vane. 

For  the  purpose  of  taking  the  bearings  of  objects  much  above 
or  below  the  level  of  the  obser\'er,  a  mirror,  K,  is  supplied  with 
the  instrument,  which  slides  on  and  oft"  the  sIght-vane  S,  with 
sufSicient  friction  to  remain  at  any  part  of  the  vane  that  may  be 
desired.  It  can  be  put  on  with  its  face  either  upward?  or  down- 
wards, so  as  to  reflect  the  images  of  objects  considerably  either 
above  or  below  tlie  horizontal  plane  to  the  eye  ot  the  observer; 
and,  if  the  instruiiieni  l*e  u-ed  for  obtaining  tlie  magnetic  azimuth 
of  the  sun,  it  must  be  supplied  with  dark  glassy,  D,  to  be  inter- 
posed between  the  sun's  image  and  the  eye. 

There  is  a  stoj)  in  the  side  of  the  box,  not  shewn  iu  war  figure, 
by  touching  which  a  IkLle  lever  is  raised,  and  the  card  thrown  off 
its  centre,  as  it  always  should  be  when  not  in  use,  or  the  constant 
playing  of  the  needle  would  wear  the  fine  agate  point  upon  which 
it  is  balanced,  and  the  sensibility  of  the  instrument  would  be 
thereby  impaired.  The  sight- vane  and  prism  bdng  turned  down* 
a  cover  fits  on  to  the  box,  which  is  about  three  inches  in  diameter, 
and  one  inch  deep ;  and  the  whole,  being  packed  in  a  leather  case, 
may  be  carried  in  the  pocket  without  inconveniencct 

*  The  magnetic  meridian  now  makes  aiiglc  of  2i°  with  the  true  meridian  at 
LoDdoii,theiK>i1hpointof  the  compaaa  being  24'^  vert  of  the  tnie  north  point.  This 
angle  is  called  the  variation  of  the  compaas,  and  is  different  at  different  places,  and 

also  at  the  same  place  at  difTln-cnt  times.  Since  this  variation  will  affect  equally,  or 
nearly  so,  all  azimuths  observed  wiihiu  a  limited  extent  and  duiicg  a  limited  time, 
the  angles  subtended  by  any  two  of  Uie  objects  observed,  b^ng  the  differoaoe  of  their 
asimuths,  ivill  not  be  aflbcted  by  the  variation,  and  hence  the  map,  or  plan,  may  be 
constructetl  with  all  the  objects  in  I7ieirpr0|>er relative  positions;  but  the trae  Uferidian 
must  be  laid  down,  if  roquii-p'l,  by  obscn-attons  ma<li>  for  the  purpose. 

f  For  much  valuable  inioiination  respecting  the  use  of  the  prismatie  compass,  espe- 
ddly  in  militaiy  snrreying  and  aketchuig,  I  can  refer  oar  readers  to  a  Treatise  on 
MOitoiy  Surveying,  ftc,  by  Lieutenant-Colonel  Baal  Jachaon,  in  whi<A  the  subject  is 
handled  with  great  ability. 
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THE  BOX  SBZTANT. 

This  instrument,  which  is  equally  portable  with  the  prismatic 
compasSj  fbrmlug,  when  shut  up,  a  box  of  about  three  inchea  in 
diameter,  and  an  inch  and  a  lialf  deep,  will  measure  the  actual 
angle  between,  any  two  objects  to  a  single  minute.  It  requires  no 
support  but  the  hand,  is  easily  adjusted,  and,  when  onoe  adjusted, 
but  seldom  requires  re-adjusting. 

When  the  sextant  is  to 
be  used,  the  lid,  E,  of  the 
box  is  taken  off  and  screwed 
ou  to  the  bottom,  where  it 
makes  a  oonvenient  handle 
for  holding  the  instrument. 
The  telescope,  T,  being 
then  drawn  out,  the  instru* 
ment  appears  as  represented 
iu  our  figure.  A  is  an  index  arm,  having  at  its  extremity  a 
vernier,  of  which  thirty  divisions  ooindde  with  twenty-nine  of  the 
divisions  upon  the  graduated  limb,  //;  and  the  divided  spaces 
upon  the  limb  denoting  each  thirty  minutes,  or  half  a  degree,  the 
angles  observed  are  read  off  by  means  of  the  vernier  to  a  single 
minute.  The  index  is  moved  by  turning  the  milled  head,  B,  which 
acts  upon  a  nxk  and  piniou  widiin  the  box.  To  the  index  arm  is 
attached  a  mirror,  called  the  index  glass,  which  moves  with  the 
index  arm,  and  is  firmly  fixed  upon  it  by  the  maker,  so  as  to  have 
its  plane  accurately  perpendicular  to  the  plane  in  which  the 
motion  ol'  the  index  arm  takes  place,  and  which  is  called  the  plane 
of  the  instrument.  Thia  plane  is  evidently  the  same  as  the  plnne 
of  the  face  of  the  instrument,  or  of  the  graduated  limb,  II  In  the 
line  ot  sight  of  the  telescope  is  place'd  a  second  glass,  (tailed  the 
horizon  glass,  having  only  half  its  surface  silvered,  and  which  must 
be  so  adjusted  that  its  plane  may  be  perpendicular  to  the  plane  of 
the  instrument,  and  parallel  to  the  plane  ol  the  index  glass  when 
the  index  is  at  zero.  The  instrument  is  provided  with  two  dark 
glasses,  which  can  he  raised  or  lowered  by  means  of  the  little 
levers  seen  at  d,  so  as  to  be  interposed,  when  necessary,  between 
ihe  mirrors  and  any  object  too  bright  to  be  otherwise  conveniently 
observed,  as  the  sun.  The  eye-end  of  the  telescope  is  also  fur- 
nished with  a  dark  glass,  to  be  used  when  necessary. 

The  principle  upon  which  the  sextant  is  constructed  is,  that 
ihe  total  deviation  of  a  ray  of  light,  after  reflections  succes- 
sively at  the  index  glass  and  horizon  gkss,  is  double  the 
inclination  of  the  two  glasses.    Now  the  limb,  //,  being  di- 
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Tided  into  spaces^  each  of  15'  extent,  and  these  Bpaces  being 
figured  as  S&  each,  the  reading  of  the  limb  gives  double  the 
angle  moved  over  by  the  index  arm  from  the  position  in  which 
the  reading  is  zero,  or  double  the  angle  of  indination  of  the  two  mir- 
rors, if  these  mirrors  be  parallel  when  the  reading  is  zero.  li^  then, 
the  instrument  be  in  perfect  adjustment,  and  any  object  be  viewed 
by  it  aflter  reflection  at  both  the  mirrors,  the  reading  of  the  in- 
strument gives  the  total  deviation  of  the  rays  of  light,  by  which 
the  vision  is  produced,  or  the  angle  between  the  bearing  of  the 
object  from  centre  of  the  index  mirror,  and  the  bearing  of  the 
reflected  image  from  the  place  of  the  eye,  that  is,  between  lines 
drawn  respectively  from  the  object  to  the  centre  of  the  index 
glass,  and  from  the  reflected  image  in  the  horizon  glass  to  the  eye. 
This  angle  is  very  nearly  equal  to  the  angle  subtended  by  the 
object  and  its  image  at  the  place  of  the  eye,  differing  from  it  only 
by  the  small  angle  subtended  at  the  object  by  the  place  of  the  eye 
and  the  centre  of  the  index  jrkss.  This  small  angle  is  called  the 
paralks  of  the  instrument,  and  is  scarcely  perceptible  at  the  dis- 
tance of  a  quarter  of  a  mile,  while  for  distances  greater  than  that 
it  is  so  small  that  it  may  be  considered  to  vanish.  It  also  varies 
with  the  amount  of  deviation,  and  vanishes  altogether  whenever 
the  centre  of  the  index  glass  is  in  a  dix^t  line  between  the  object 
and  the  eye.* 

To  see  if  the  instrument  be  in  perfect  adjustment,  place  the 
dark  glass  before  the  eye-end  of  the  telescope,  and  looking  at  the 
sun,  and  moving  the  index  backwards  and  forwards  a  little  distance 
on  either  side  of  zero,  the  sun's  reflected  image  will  be  seen  tO 
poae  over  the  <Usc,  as  seen  directly  through  the  horizon  glass ;  and 
if,  in  its  passage,  the  reflected  image  completely  covers  the  direct 
image,  so  that  but  one  perfect  orb  is  seen,  tiie  horizon  glass  is 
perpendicular  to  the  plane  of  the  instrument;  but,  if  not,  the 
screw  at  a  must  be  turned  by  the  key,  k,  till  such  is  the  case.  The 
key,  A,  fits  the  square  heads  of  both  the  screws  seen  at  a  and  h, 
and  fits  into  a  spare  part  of  the  face  of  the  instrument,  so  as  to  be 
at  hand  when  wanted.  This  adjustment  being  perfected,  bring 
the  reflected  image  of  the  sun's  lower  limb  in  exact  contact  with 

•  We  bftvc  seen  a  method  given  for  wliat  is  called  correcting  the  paraUuc,  when  an 
otieervation  is  made  at  a  short  distanoe,  by  finding  the  deviation  at  thia  distance,  when 
the  angle  between  the  olgeet  and  its  image  is  equal  to  aero ;  this  dt  viation  hoAng  given 
by  the  reading  of  the  inf=;tnimcrit,  whvn  the  reflected  itoage  of  the  object  observed 
exa«Uy  coincides  with  the  object  itself,  seen  through  the  unsilvered  part  of  the  horiaon 
glass.  This  deviatkn,  however,  is  not  the  parallax,  even  for  a  small  angle  lietween 
the  object  and  its  image,  and,  if  the  an£^e  be  not  very  small,  the  error  introdaoed  by 
the  method  will  be  greater  than  the  parallax  itself. 
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the  direct  image  of  his  upper  limb,  and  note  the  reading  of  the 
vernier ;  then  move  the  iuilex  back,  beyond  the  zero  divisioil  of 
Ihe  limb,  till  the  reflected  image  of  the  sun's  upper  limb  is  in 
exact  oontaot  with  the  direct  image  of  his  lower  limb ;  and,  if  the 
zero  of  the  vernier  be  now  exactly  as  far  behind  the  zero  of  the 
limb  as  it  was  at  the  former  reading  in  front  of  it,  so  that  the 
rea^ng  now  on  the  part  of  the  limb  called  the  arc  of  excess,  be- 
hind its  zero  division,*  be  the  same  as  the  former  reading,  the  in- 
strument is  in  perfect  adjustment ;  but,  if  not,  half  the  diflfereuce 
of  the  two  readings  is  the  amount  of  the  error,  and  is  caUed  the 
index  error,  being  a  constant  error,  for  all  angles  observed  by  the 
instrument,  of  excess,  if  the  first  reading  be  the  greatest,  and  of 
defect,  if  the  second  reading  on  the  arc  of  excess  be  the  greatest. 

In  the  former  case,  then,  the  true  angle  will  be  found  by  sub- 
tracting the  index  error  from,  and  in  the  latter  by  adding  it  to,  the 
reading  of  the  instrument  at  every  observation;  but  this  error 
should  be  removed  by  applying  the  key,  k,  to  the  screw  at  b,  and 
turning  it  gently  till  both  readings  are  alike,  each  being  made 
equal  to  half  the  sum  of  the  two  readings  first  obtained.  When 
this  adjustment  is  perfected,  if  the  zeros  of  the  vernier  and  limb 
are  made  exactly  to  coincide,  the  reflected  and  direct  image  of  the 
sun  will  exactly  coincide,  so  as  to  form  but  one  perfect  orh  ;  and 
the  reflected  and  direct  inia<ie  of  anv  line,  sufficientlv  distant 
not  to  be  affected  by  parallax,  as  the  distant  horizon,  or  the  top 
or  end  of  a  wall  more  than  half  a  mile  oiij  will  coincide  so  as  to 
form  one  imbrokpo  Hue. 

To  obtain  the  angle  subtenili  il  by  two  objects  situated  nearly 
or  quite  in  tlie  same  vertical  plane,  hohl  the  iuatrument  in  the 
right  hand,  and  bring  down  the  reflected  image  of  the  upper  ob- 
ject by  turning  the  milled  head  B,  till  it  exactly  coincides  with 
the  direct  image  of  the  lower  object,  and  the  reading  of  the  in- 
strument will  give  the  angle  between  the  two  objects. 

To  obtain  the  angle  subtended  by  two  objects  nearly  in  the 
same  huri/outal  plane,  hold  the  sextant  in  the  Icit  hand,  and  bring 
the  reflected  image  of  the  right-hand  object  into  coinddence  with 
the  direct  image  of  the  left-hand  object. 

*  In  reading  an  angle  upon  the  are  of  ezeees,  the  divunon  to  read  on  the  limb  is 

that  TiPxt  in  fifmt  of  the  zero  of  the  vernier,  f>r  bptwecn  the  zero  of  the  vernier  and  the 
zero  of  the  Limb,  and  the  divisioua  of  the  vernier  i^elf  are  to  be  read  from  the  end 
diviflion,  marked  90,  and  not»  as  nsoally,  fnom  the  zero  di^iflion:  thus,  if  the  aero 
division  of  the  vernier  were  a  little  farther  from  the  xem  diviaon  of  the  limb,  then  the 

fli-«t  d5vi<?!on  on  the  arc  of  excess:  and  if  the  twenty-seventh  division  on  the  vernier, 
or  the  third  from  tiia  end  division,  marked  thirty,  coiucided  with  a  division  upon  the 
limb,  then  the  reading  would  be  33'. 
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It  will  be  seldom  that  the  surveyor  need  pay  any  attention  to 

the  small  error  arising  from  parallax;  but,  slionld  great  accuracy 
be  desirable,  and  ono  of  the  objects  be  distant  while  the  other  \s 
near,  the  pnralhix  will  be  eliminaterl  by  observing  the  dl^^tant  ob- 
ject bv  rcHcction,  and  the  near  one  l)y  direct  vi-ion,  lioldiiig  the 
instrument  tor  this  purpose  with  it?  face  duwiiwardd  if  the  distant 
object  be  on  the  left  huiid.  If  both  objecLss  be  near,  the  reflected 
image  of  :i  distant  object,  in  a  direct  line  with  one  of  the  objects, 
mnst  be  brought  into  coincidence  with  the  direct  image  of  the 
other  objeet,  niid  the  paraUax  vviii  thus  be  cliiiiinuted. 

For  the  piir|)oses  of  surveying,  the  horizuiital  angles  between 
different  object?  arc  rerjuired.  and  the  reduction  of  these  angles 
from  the  actual  oblique  angles  subtended  by  the  objects,  would  be 
a  troublesome  and  laborious  process.  If  the  angle  subtended  by 
two  objects  be  lai^e,  and  one  be  not  much  higher  than  the  other 
the  actual  angle  observed  will  be,  however,  a  sufficient  approxima- 
tion to  the  horizontal  angle  required;  and,  if  the  angle  between  the 
two  objects  be  small,  the  horizontal  angle  will  be  obt^ned  with 
sufficient  accuracy  by  taking  the  difference  of  the  angles  observed 
between  each  of  the  objects,  and  a  third  object  at  a  considerable 
angular  distance  from  them.  With  a  little  practice,  the  eye  will  be 
able  to  select  an  object  in  the  same  direction  as  one  of  the  objects, 
and  nearly  on  a  level  with  the  other  object,  and  the  angle  between 
this  object  and  the  object  selected  will  be  the  horizontal  angle 
required. 

At  sea  the  altitude  of  an  object  may  be  determined  by  observing 
the  angle  subtended  by  it  and  the  vrrcre  of  the  horizon;  but  upon 
land  a  contrivance,  called  an  arii/icial  horizon,  becomes  necessary 
for  correctly  determining  altitudes.  The  be-t  kind  of  artificial 
horizon  consists  of  an  oblong 
trough,  1 1,  filled  with  mercury, 
and  protected  from  the  wind  by 
a  roof,  r  r,  having  in  either  slope 
a  plate  of  gb^^-  with  its  two  sur- 
faces ground  into  perfectly  \m- 
rallel  planes.  The  angle  8  E  S' 
between  the  object  and  its  re- 
flected image  seen  in  the  int^reury 
is  double  the  angle  of  elevation 
SEII,  and  the  angle  SES'  being 
observed,  its  half  will  couse- 
([uently  be  the  angle  of  elevation 
required.     If  the  angle  of  ele- 
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Tation  be  greater  than  60^5  the  angle  S  E  S'  will  be  greater  than 
120^,  and  cannot  be  observed  with  the  sextant  we  have  been 
describing. 

The  pocket  sextant  is  a  most  convenient  instrument  for  laying 
off  o£&et8  or  perpendieolar  distances  from  a  station  line;  for  by  set- 
ting the  index  at  90^^,  and  walking  along  the  station  line,  looking 
through  the  horizon  glass  directly  at  the  further  station  staff,  or 
any  other  remarkable  object  upon  the  station  line^  any  object  off 
the  station  Une  will  be  seen  by  reflection  when  the  observer  arrives 
at  the  point  where  the  perpendicular  irom  thb  object  upon  the  sta^ 
tion  line  falls,  and  the  distance  from  this  point  to  the  object  being 
measured,  is  its  perpendicular  distance  from  the  station  line. 

For  the  mere  purpose  of  measuring  ofisets,  an  instrument  called 
an  optical  tqitare  is  now  very  generally  employed^  which  consists  of 
the  two  glasses  of  the  sextant  fixed  permanently  at  an  angle  of  45°, 
so  that  any  two  objects  seen  in  it,  the  one  by  direct  vision,  and  the 
other  by  reflection,  subtend  at  the  place  of  the  observer  an  angle 
of  90. 

THE  THEODOLITE. 

The  theodolite  is  the  most  important  instrument  used  by  sur- 
vovor?,  nnd  measures  at  the  same  time  both  the  horizontal  angles 
subtended  by  eaeh  two  of  the  points  observed  with  it,  and  th© 
angles  of  elevation  of  these  points  from  the  poiint  of  observation. 

This  instrument  may  be  conpidered  us  consisting  of  three  parts ; 
the  parallel  plates  with  adjusting  screws  fittinrr  on  to  the  staff 
head;  the  hoiizuntal  limb,  for  measuring  the  horizontal  auglei? ; 
and  the  vertic^al  limb,  for  mefusuring  the  yertical  angles^  or 
angles  of  elevation. 

The  horizontal  limb  15  composed  of  two  circular  plates,  L  and  V, 
which  fit  accurately  one  upon  the  other.  The  lower  plate  project;^ 
beyond  the  other,  and  its  projectmg  edge  is  sloped  off,  or  cham- 
fered, as  it  is  called,  and  graduated  at  every  half  degree.  The 
upper  plate  is  called  the  vernier  pkte,  and  has  portions  of  its  edge 
chamfered  ofi^,  so  as  to  form  with  the  chamfered  edge  of  the  lower 
plate  continued  portions  of  the  same  conical  sur&oe.  These  cham- 
fered portions  of  the  upper  plate  are  graduated  to  form  the  verniers, 
by  which  the  limb  is  subdivided  to  angle  minutes.  The  five-inch 
theodolite  represented  in  our  figure  has  two  such  verniers,  180° 
apart.  The  lower  plate  of  the  horizontal  limb  is  attached  to  a 
conical  axis  passing  through  the  upper  parallel  plate,  and  termi- 
nating in  a  ball  fitting  in  a  socket  upon  the  lower  parallel  plate. 
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This  axis  is,  however,  liollowcd  to  receive  a  similar  conical  axis 
ground  accumtelj  to  lit  it,  so  that  the  axes  of  the  two  cones  may  be 
exactly  coincident,  or  parallel.*  To  the  internal  axis  the  upper,  or 
vernier,  plate  of  the  horizontal  limb  is  attached  ;  and  thus,  while  the 
whole  iiaib  can  be  moved  throii<j;h  anv  horizontal  antjle  desired,  the 
Upper  plate  only  can  also  be  moved  through  any  desired  angle,  when 
the  lower  plate  is  fixed  by  means  of  the  clamping  screw,  C,  which 
tightens  the  collar,  D :  T  is  a  slow-motion  screw,  which  moves 
the  whole  limb  through  a  small  space,  to  adjust  it  more  perfectly, 
after  tightening  the  collar,  D,  by  the  clampina;  screw,  C.  There 
18  also  a  clampiDg  screw^  e,  for  jfizing  the  upper,  or  vernier^  plate 

*  Upon  thi8  depends,  in  a  great,  meastire,  the  pci  fcrtion  of  tlie  instrument,  as  fai*  as 
the  hoi't£OQial  meamrements  are  concerocd ;  and  when  we  describe  presently  the  ad- 
jttsbaents  of  the  instrument,  tre  shall  explain  the  method  of  detecting  an  in«ccui«cy  in 
the  grinding  of  tlie  axes. 
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to  the  lower  plate,  and  a  tangent  screw,  t,  for  ^ying  the  yemier 
plate  a  alow  motion  upon  the  lower  plate,  when  so  clamped.  Two 
spirit  levels,  B  B,  are  placed  upon  the  horizontal  limh,  at  right  an« 

gles  to  each  other,  and  a  compass,  G,  is  also  placed  upon  it  in  the 
centre,  between  the  supports,  F  F,  for  the  vertical  limb. 

The  vertical  limb,  N  N  is  divided  upon  one  side  at  every  30 
minutes,  each  way,  troni  0°  to  90°,  and  subdivided  by  the  vernier, 
which  is  fiied  to  the  coiiipass  box,  to  single  mimites.  Upon  the 
other  side  are  marked  tite  number  of  links  to  be  deducted  from  each 
obain,  for  various  angles  of  innllnation,  in  order  to  redui  c  tbe  dis- 
tances, as  measured  along  giuuuJ  rising  or  falling  at  these  angles, 
to  the  corresponding  horizontal  distances.  The  axis,  A,  of  this  limb 
must  rest  in  a  position  truly  parallel  to  the  horizontal  limb,  upon 
the  supports,  F  F,  so  as  to  be  horizontal  when  the  h(ji  izuntal  limb 
is  set  truly  level,  and  the  plane  of  the  limb,  N  N,  should  be  accu- 
rately perpendicular  to  its  axis.  To  the  top  of  the  vertical  limb, 
N  N,  is  attached  a  bar  which  carries  two  Ys  for  supporting  the 
telescope,  which  is  of  the  same  construction  as  the  T  spirit  level,  and 
underneath  the  telescope  is  a  spirit  level,  S  S,  attached  to  it  at  one 
end  by  a  joint,  and  at  the  other  end  bj  a  capstan-headed  screw  as 
in  the  Y  level.  The  horizontal  axis.  A,  can  be  fixed  by  a  clamp- 
ing screw,  0,  and  the  vertical  limb  can  then  be  moved  through  a 
small  space  by  a  slow-motion  screw 

Before  commencing  observations  with  this  instrument,  the  fol- 
lowing adjustments  must  be  attended  to: — 

1.  Adjustments  of  the  telescope  :  via., 

the  adjustment  tor  parallax. 
'  for  coUimation. 

2.  Adjustmeut  of  the  Uorizuutal  limb :  viz., 

to  set  the  levels  on  the  horiaontal  limb  to  indicate  the  voiicality  of  the 
anmaHud  axis. 

8.  A^ostment  of  the  vertical  limh :  viz., 

to  set  the  level  beneath  the  telescope  to  indicate  the  horizontality  of  the 
Une  of  coUimation. 

1.  Parallax  and  CoUimation. — These  adjustments  are  described 
under  the  head  of  the  Y  level. 

2.  Adjustment  of  the  Horizontal  Limb. — Set  the  instrument  up  as 
accurately  as  you  can  by  the  eye,  by  moving  the  legs  of  the  stand. 
Tighten  the  collar,  D,  by  tiie  olamping  screw,  C,  and  undamping 
the  vernier  plate,  turn  it  round  till  the  telescope  is  over  two  of  the 
parallel  plate-screws.  Bring  the  bubble,  6,  of  the  level,  S  S,  be- 
neath the  telescope  to  the  centre  of  its  run  by  turning  the  tangent 
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screw,  t.  Turn  tlie  vernier  plate  half  roundj  bringing  ihe  telescope 
again  over  the  same  pair  of  the  parallel  plate  screws ;  and  if  the  bub- 
ble of  the  level  be  not  still  in  the  centre  of  its  run,  bring  it  back  to 
the  centre  half  waj,  hj  turning  the  parallel  plate  screws  over  which 
it  is  placed,  and  half  way  by  turning  the  tangent  screw,  t.  Bepeat 
this  operation  till  the  bubble  remains  accurately  in  the  centre  of 
its  run  in  both  positions  of  the  telescope ;  and  then  turning  the 
vernier  plate  round  till  the  telescope  is  over  the  other  pair  of 
parallel  plate  screws,  bring  the  bubble  again  to  the  centre  of  its 
run  by  turning  these  screws.  The  bubble  will  now  retain  its  posi- 
tion, while  the  vernier  plate  is  turned  completely  round,  shewing 
that  the-  internal  azimuthal  axis  about  which  it  turns  is  truly  ver- 
ticaL  The  bubbles  of  the  levels  on  the  vernier  plate  being  now, 
therefore,  brought  to  the  centres  of  their  tubes,  will  be  adjusted  to 
shew  the  verdcality  of  the  internal  azlmuthal  axis.  Now,  having 
damped  the  vernier  plate,  loosen  the  collar,  D,  by  turning  back 
ihe  screw,  C,  and  move  the  whole  instrument  slowly  round 
upon  the  external  a/imuthal  axis ;  and  if  the  bubble  of  the  level, 
S  S,  bpTieath  the  telescope,  maintains  its  position  during  a  complete 
revolution,  the  external  aziinuthal  axis  is  truly  parallel  with  the 
internal,  and  both  are  vertical  at  the  same  time  ;  but,  if  tlie  bubble 
does  not  maintain  its  jjosition,  it  shews  that  the  two  parts  of  the 
axis  have  been  inaccurately  ground,  and  the  fault  can  only  be 
remedied  by  the  instrument-maker. 

3.  Adjustmejit  of  the  Vertical  Limb. — The  bubble  of  the  level, 
S  S,  being  in  the  centre  of  its  run,  reverse  the  telescope  end  for 
end  in  the  Ys,  and  if  llie  bubble  does  not  reuiaiu  iu  the  same  posi- 
tion, correct  for  one-liail  the  error  by  the  capstan-headed  adjusting 
screw  at  one  end  of  the  level,  and  for  the  other  half  by  the  vertical 
tangent  screw,  t.  llepeat  the  operation  till  the  result  is  perfectly 
sati^Eiotory.  Next  turn  the  telescope  round  a  little  both  to  the 
right  and  to  the  left,  and  if  the  bubble  does  not  still  remain  in  the 
centre  of  its  run,  the  levels  S  S,  must  be  adjusted  laterally  by  means 
of  the  screw  at  its  other  end.  This  adjustment  will  probably  dis- 
turb the  first,  and  the  whole  operation  must  then  be  carefully  re- 
peated. By  means  of  the  small  screw  fastening  the  vernier  of  the 
vertical  limb  to  the  vernier  plate  over  the  compass  box,  the  zero  of 
ihis  vernier  may  now  be  set  to  the  zero  of  the  limb,  and  the  verti- 
cal limb  will  be  in  perfect  adjustment. 

With  an  increase  in  the  size  of  the  theodolite,  a  second  telescope 
is  placed  beneath  the  horizontal  limb,  which  serves  to  detect  any 
accidental  derangement  of  the  instrument  during  an  observation, 
by  noting  whether  it  is  directed  to  the  same  point  of  a  distant  ob- 
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ject  at  the  end  of  the  okervation  to  which  it  has  been  set  at  the 
commencement  of  the  observation.  Also  the  vertical  limb,  in  the 
larger  theodolites,  admits  of  an  adjastment  to  make  it  move  accu- 
rately in  a  vertical  plane,  when  the  horizontal  limb  has  been  first 
Bet  in  perfect  adjustment.  This  adjustment  is  important,  and  should 
be  examined  with  great  care ;  and  in  the  small  theodolites,  when 
the  vertical  limb  is  permanently  fixed  to  the  horizontal  limb  bj  the 
maker,  an  instrument  which  wil  l  not  bear  the  test  of  the  examinsr 
tion  w^hich  we  proceed  to  describe  must  be  condemned,  till  set  in 
better  adjustment  by  the  maker.  The  aziranthal  axis  having  been 
set  truly  vertical,  direct  the  telet^copc  to  some  well-defined  angle  of 
a  building,  and  making  the  intersection  of  the  wires  exactly  coin- 
cide with  this  angle  near  the  ground,  elevate  the  telescope  by  giving 
motion  to  the  vertical  ihnb  ;  iiud  if  the  adjustment  be  perfect,  the 
mtersection  of  the  cross  wires  w  ill  move  accurately  along  the  angle 
of  the  building,  still  continuing  iu  coincidence  with  \t  A  still  more 
peifeot  test  will  be  to  make  the  intersection  of  the  cross  wires  coin- 
dde  with  the  reflected  hnage  of  a  star  in  an  artificial  horizon,  and 
elevating  the  telescope,  if  the  adjjustment  be  perfect,  the  dnecl 
image  of  the  star  itself  will  again  be  bisected  hy  the  cross  wires. 

THB  USB  OF  THB  THBOBOLITE. 

To  take  an  angle,  whether  between  the  magnetic  meridian  and 
a  given  line  or  object,  whether  between  any  two  given  lines,  or  at 
one  given  point  between  any  other  given  points. 

Open  the  tripod  stand,  so  that  the  centre  is  as  nearty  as  possible 
over  the  centre  of  the  station,  which  can  be  ascertained  hj  a  plum- 
met, [or  what  is  better  (inasmuch  as  it  is  always  attainable  when 
wanted,  and  no  encumbrance  when  done  with,  because  it  can  be 
thrown  away),  a  stone  tied  to  a  string.]  Level  the  instrument  by 
means  of  the  parallel  plate-screws,  and  the  levels  B  B ;  then  if  the 
angle  required  is  one  with  the  magnetic  meridian,  set  the  needle  in 
motion,  unclamp  the  upper  and  lower  plates  of  the  limb,  and  bring 
the  zero  division  on  the  vernier  to  zero  on  the  lower  plate.  Clamp 
the  plates  approximately  by  the  damp  screw,  and  accurately  ad- 
just ^em  by  the  slow-motion  screw.  ITncUunp  the  sorew  C,  and 
bring  the  letter  N,  in  the  compass-box,  to  the  marked  end  of  the 
needle,  by  turning  the  whole  body  of  the  instrument.  Clamp  it 
approximately  by  the  screw  C,  and  exactly  adjust  it  by  the  slow- 
motion  screw  D.  The  telescope  and  zero  division  of  the  scale  is 
now  in  the  magnetic  meridian.  Unclamp  the  upper  and  lower 
plates,  and  direct  the  telescope  at  the  given  object.  Keclamp  the 
Umb  approximately  with  the  clamp  screw,  and  exactly  bring  the 
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cross  hairs  of  the  telescope  to  intersect  the  object  by  means  of  the 
slow-motion  screw.  The  angle  then  indicated  by  instrument, 
is  the  measure  of  the  angle  required.  If  the  measure  of  an  angle 
between  two  lines  or  between  two  objects  is  requii  cd,  the  process 
is  similar ;  excepting  only  ,  that  part  of  it  that  relates  to  the  mag- 
netic needle,  which  is  in  this  case  not  required ;  it  is  simply  neces- 
sary to  place  zero  on  the  graduated  arc  with  zero  on  the  vernier, 
and  direct  the  telescope  at  the  left-hand  olirject  instead  of  in  the 
magnetic  meridian,  as  in  the  former  case. 

Most  theodolites  are  furnished  with  two  verniers  on  the  upper 
phitc  :  one  corresponding  with  zero  on  the  lower  limb,  and  the  oppo- 
site one  with  the  mark  dcnotiDg  180°  In  taking  the  bearings  of 
lines  these  verniers  are  very  nseful,  as  giving  the  true  and  apposite 
bearing,  but  in  the  simple  process  of  measuring  angles,  one  only  is 
requisite. 

To  read  an  angle  taken  by  the  theodolite,  it  is  necessary  to  un- 
derstand the  Tcmier  scale — a  very  beautiful  and  ingenious  con- 
trivance, by  means  of  which  the  half  degrees  on  the  lower  plate  are 
aocuiately  divided  into  single  minutes. 

The  30  minutes  represented  by  the  vernier,  are  equal  in  length 
to  29  degrees  on  the  graduated  arc  Now,  it  is  evident  by  the 
fig.  171,  the  divisions  on  the  vernier  being  30,  while  those  on  the 
graduated  arc  are  29,  every  division  of  the  vernier  must  be  one- 
thirtieth  of  a  diviffion  on  the  graduated  arc,  less  than  such  division; 
and,  consequently,  if  the  vernier  is  moved  along  until  division  1 
upon  it  is  in  contact  with  tiie  first  division  or  half  degree  on  the 
graduated  arc,  the  zero  of  the  vernier  has  moved  one-thiitieth  part 
of  such  half  dops^ree  or  one  minute ;  if  5  on  the  vernier  is  brought 
in  contact  with  the  fifth  division,  or  2^  degrees  on  the  graduated 
arc,  then  zero  of  the  vernier  mn<i  have  moved  five-thirtieths  or 
five  minutes,  ^o  that  by  this  contrivance  the  most  minute  subdi- 
vision is  acconiplishf  fl.* 

A  vertical  augie,  or  an  angle  of  elevation  or  depression,  is  taken 
with  the  theodolite  by  means  of  the  vertical  limb.  Having  levelled 
the  body  of  the  instrument  as  before  described,  bring  the  bubble  of 
the  telescope  level  into  the  centre  of  its  run  by  means  of  the  clamp 
screw  c,  and  slow-motion  screw  t;  observe  that  zero  on  the  vernier 
and  zero  on  the  vertical  arc  are  together,  and  then  undamp  the 
vertical  limb;  raise  or  depress  the  telescope  until  the  cross  hairs 
intersect  the  object,  and  the  angle  denoted  by  the  vernier  on  the 

*  A  dpscriptinn  of  thr^  vernier  in  this  place  will  explain  its  tisf  in  cvcTycasc  to  which 
it  can  be  applied.  It  often  assuiues  varioas  formM,  but  k  so  laiaple,  that  it  must  bo 
apparent  to  every  mathematical  mind. 
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vertical  arc,  will  be  the  angle  of  elevation  or  depression,  as  the 
case  may  be,  which  was  required. 

If  the  telescope  be  reversed  in  the  Ys,  and  the  angle  taken  with 
the  other  end,  the  mean  of  the  two  readings^  if  they  differ,  will  be 
the  nearest  approach  to  accuracy,  inasmuch  as  an  error  in  the 
adjustment  of  the  vernier  is  thereby  counteracted. 
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Is  the  art  of  tracing  a  line  equidistant  from  the  earth's  centre,* 
which  shall  out  the  directions  of  gravity  everywhere  at  right  angles. 

The  earth  being  a  globe,  it  is  evident  that  the  operation  of 
levelling  does  not  consist  in  simply  ascertaining  the  undulations  of 
the  earth  above  or  below  any  given  horizontal  line  which  may  he  as* 
Bumed  to  form  its  surface,  as  an  extended  plane,  but  in  determining 
the  relative  distances  of  different  places  from  the  earth's  centre. 

In  other  words,  a  level  line  ie  not,  as  is  frequently  supposed,  a 
true^ horizontal  line,  but  the  arc  of  a  cir^ lo :  so  that  if  it  were 
posnble  to  start  from  London,  and  level  Kumd  the  world,  the 
accurate  level  line  would  meet  at  precisely  the  same  spot  as  that 
from  which  it  started. 

It  is  therefore  obvious  that  any  instrument  calculated  to  take 
horizontal  levels  only,  must,  beyond  a  certain  distance,  become 
appreciably  in  error,  and  require  correction  for  curvature.  The 
horizontal  line  I H,  in  the 
figure,  is  the  line  which 
would  be  made  by  a  levelling 
instrument  standing  at  the 
point  I,  and  for  a  certain 
distance  (the  relative  di- 
ameter of  the  cirde  bdng 
considered),  there  would  be 
no  appreciable  difference 
between  the  apparent  and 
true  level ;  but  to  shew  my  meaninp^,  it  must  be  palpably 
obvious  that  the  point  H  is  considerably  farther  from  the  centre 

*  Supposing  the  earth  a  perfect  sphere,  which  is  not  quite  the  case,  but  sutTicicntly 
near  for  our  purpose,  tht;  leogtli  of  the  equatorial  diameter  being  7,92i  milea,  while 
the  polar  fa  only  7,896,  the  ^fforeuce  fa  only  26  ukiles  or  put. 
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C  than  tbe  point  G  is,  and  therefore  it  is  not  in  the  true  level ; 
and  if  any  level  is  taken  at  a  greater  distance  than  ten  oiiains, 
tlus  error  of  curvature  must  be  allowed  for. 

In  addition  to  this  error,  on  account  of  curvature,  is  another, 
occasioned  hy  refraction.  It  is  well  known  that  an  object  is  never 
seen  by  us  in  its  true  position,  but  in  the  direction  of  the  ray  of 
light,  which  conveys  the  impression  or  image  of  the  object  to  our 
senses,  the  most  onrions  of  all,  and  as  yet  (at  all  events  to  me) 
unexplained  arrangement  being,  that  the  vertical  position  in  which 
every  reflected  image  is  left  in  the  eye  of  the  observer  when  in- 
tercepted by  the  colouring  matter  that  lines  the  back  of  the  eye, 
is  the  reverse  of  reality,  notwithstanding  the  correction  of  this 
anomaly,  which  takes  place  in  the  transference  of  the  reflected  ' 
image  to  the  mind. 

The  partides  of  light,  in  traversing  the  atmosphere,  are  always 
bent  towards  the  perpendicular,  and  consequently  describe  a 
curved  track,  which  to  a  certain  extent  modifies  the  effect  of 
curvature  in  levelling,  and  renders  it  only  necessary,  in  correcting 
for  oirvature,  to  do  so  to  the  extent  to  which  the  error  is  di- 
minished by  refraction. 

Table  20,  chap.  I,  shews  the  difference  between  the  apparent  and 
true  level,  both  in  respect  of  curvature  and  re&action. 

The  practice  of  levelling  requires  greater  care  than  any  other 
operation  in  surveying,  owing  to  the  numerous  chances  of  error, 
and  the  great  difficulty  of  detecting  it,  without  going  over  the 
whole  operation  again;  notwithstanding  which,  when  skilfully 
and  circumspectly  perfonned,  the  accuracy  of  the  results  may  be 
demonstrated  to  a  degree,  exceeding  if  possible  the  proofs  of  a 
trigonometrical  survey.  For  instance,  suppose  a  scries  of  levels 
to  be  taken  along  the  principal  roads  of  a  country,  anci  aiterwurds 
by  circuitous  routes,  and  a  variety  of  methods,  the  levels  of  the 
branch  roads  are  taken,  commencing  at  a  given  point  on  the  main 
line,  and  crossing  it  again  and  again,  and  iinally  terminating  uj)on 
some  other  point  of  the  main  Une;  if  at  these  crossings,  and  at  the 
termination  of  the  branch  levelling,  the  reduced  levels  come  out 
within  a  few  hundredth  parts  of  a  foot  of  the  reduced  levels  of  the 
main  line,  there  is  little  doubt  that  the  levelling  is  correct. 

The  most  satisfactory  piece  of  levelling,  within  my  practice,  oc- 
curred in  the  autumn  of  1849.  I  was  empl  n  cd  by  the  promoters 
of  a  public  company  to  take  about  thirty-five  miles  of  parliamen- 
taiy  levels,*  commencing  with  a  "  Datum  line  one  hundred  feet 

*  levels  from  which  a  section  is  to  be  made  lor  JepoidL  in  Fiirliament,  on  the 
30th  of  November,  in  oompIiaDoe  with  the  Standing  Ordets  of  the  House. 

V 
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below  the  stone  sill  of  the  Boutb  door  to  Wandsworth  Old 
Church,  in  the  Jligh  Street,  close  to  the  middle  of  the  door-post, 
on  the  cast  side  of  the  door."  I  subsequently  discovered  that  the 
promottn  s  had,  as  a  wise  precaution  against  error,  also  employed 
another  gentleman  to  take  the  same  levels. 

When  the  levek  were  completed,  myself  and  oolleagae  met  to 
compare  notef . 

The  following  are  a  few  of  the  results : — 


MT  OWN.         THOSE  OF  MT  lilF. 
FSIBUK 


B. 

At  WandBworth  Chnroh 
Fork   of  Boads  near  the 

100 

100 

Jrnntuig  W orks  • 

111'76 

111*6/ 

•09 

Branch  Boads  near  the  Fbngh 

T  

inn  .... 

111*65 

111*63 

-02 

B.H. 

Mitcham  Church  . 

A   Junction  near  Mitcham 

148*06 

147*94 

•11 

L-oramon  .... 

169*33 

169*30 

■03 

B.  M. 

On  a  Direction  Post  near  Hack* 

bridge      •       •       •  • 

167-00 

166-94 

•06 

B«  A£* 

On  the  front  of  large  House. 

173-75 

173*65 

•10 

J  unction  of  Boads 

164-95 

164-94 

•01 

At  Angle  of  Boads 

130*11 

129*98 

•13 

Centre  of  Bridge  near  the 

Snuti  Mills 

Ul-58 

141'47 

•11 

Junction  of  Branch      .  , 

192*17 

192-13 

•04 

Level  of  Water  at  Ford 

191-28 

191-27 

•01 

At  Waddon  .... 

216*38 

216-27 

-11 

The  near  aide  down  Bail  of 

jGpsom  Railway.       .  . 

224*62 

224-66 

*06 

KM. 

On  Croydon  Church,  being  the 
cloee  of  work,  on  the  etone 
sill  of  tht;  principal  door  under 

ihetowei     .      ,      .  . 

228-11 

228-10 

*01 

It  inll  he  seen  that  the  greatest  yariation  is  •13>  and  that  bang 
only  at  an  undefined  point  on  a  road,  it  is  quite  posdUe  that  a 
difference  of  a  few  hundredths  mig^t  be  made  in  holding  the  staff. 


♦  B.  M.  is  the  short  way  of  writing  Bench  Mark,  which  signifies  a  film  pennaneot 
feature  that  can  at  any  time  l>c  referred  to.  A  ma'-k  on  a  brick  or  flto&e  wall  makes 
•  good  Bench  2dairk ;  they  are  geuerallj  cut  in  the  form  reftMWDfeed  in  fig.  172. 
Thft  horiaontal  line  A  B  being  the  tevd  fefemd  to. 
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The  eurious  in  sash,  matters  will  observe,  that  my  results  are  in 
every  instance  the  greater,  and  hut  that  tiie  levels  of  the  Bench 
Marks  also  vary  on  the  same  way,  I  should  account  for  it  by  the 
fact,  that  while  my  staff-holders  nsed  a  tripod,  those  of  my  col- 
league did  not.  The  above  is  inserted  to  shew  the  great  accuracy 
with  which  levelling  operations  can  be  carried  on. 

It  is  usual  in  levelUng  to  compute  all  the  heights  from  one 
ocmunon  datum  (ima^ary)  Hne,  so  that  the  relative  level  of  any 
two  places  may  be  readily  ascertained  by  the  ample  subtraction 
of  one  height  firom  anotber.  For  instance,  a  place  thirty  feet 
above  datum  is  ten  feet  higher  than  another  that  is  twenty  feet 
above  datum.  It  is  desirable  that  this  datum  line  should  be 
chosen  below  the  lowest  point  to  be  levelled,  so  that  all  the 
heights  may  be  positive  quantities^  whidi  could  not  be  the  case 
were  some  above  and  others  below  datum.  It  does  not  of  course 
follow,  nor  is  it  desirable  that  a  datum  line  sliould  coincide  with 
any  one  known  point,  it  is  sufficient  that  it  refers  to  it ;  hence  it 
is  customary  to  assume  the  datum  to  be  100  (or  any  other  even 
number)  below  some  known  permanent  point,  which  can  always 
be  referred  to. 

JLeveliing  Imtruments. 
TECB  SPIRIT  LBVBL. 

The  spirit  level  conasts  of  a  glass  tube,  di£fering  from  the 
cylindrical  form  by  having  its  diameter  largest  in  the  middle,  and 
decreasing  slightly  and  with  great  regularity  from  the  middle  to 
the  ends.  The  tube  is  nearly  but  not  quite  filled  with  spirits  of 
wine,  thus  leaving  in  it  a  bubble  of  air,  b  6,  which  rises  to  the 
highest  part  of  the  tube,  so  as  to  have  its  two  ends  equally  distant 
from  the  middle^  when  the  instrument  is  in  adjustment,  as  repre- 
sented in  the  annexed  figure.  The  tube  is  generally 
fitted  into  another  tube  of  metal,  and  attached  to  a  frame  ^  tmpni^ 
tenninating  in  angular  bearings,  by  which  the  level  can 
either  be  suspended  from,  or  else  be  stood  upon,  cylindrical  pivots. 
When,  however,  the  level  forms  a  permanent  psjrt  of  any  instru- 
ment, the  manner  of  attaching  it  is  modified  to  suit  the  particular 
form  of  the  instrument  to  which  it  is  attached.  A  small  and 
accurately-divided  scale  is  attached  to  the  best  instruments,  or 
otherwise  a  scale  is  scratched  upon  the  glass  tube  itself,  as  repre- 
sented in  the  figure  given  ante. 
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The  annexed  figure  is  a  reprc-  ^  .r\__  .  .  .cs, 

sentaticm  of  Buch  a  level  as  is 
used  for  levelling  the  axis  of  the 
best  astronomical  instruments. 
It  is  provided  with  a  fixed  scale, 
seen  in  the  figure,  and  is  suspended  bj  means  of  accurately  con- 
structed angular  bearings. 

The  following  criteria  of  a  good  leyel  are  extracted  firom  Dr. 
Pearson's  valuable  work  on  Practical  Astronomy. 

*'  Firstly,  flip  bubble  must  be  long  enoujj'l),  compared  with  ihe  whole  tube,  to 
admit  of  quick  (iuplacemeut,  wad  yet  not  too  long  to  admit  of  ite  proper  elongar 
tioa  by  low  tenperfttufe. 

''Secondly,  thecun'e  must  bo  such,  that  the  sensibih'ty  and  nniforra  run  of 
the  babble  will  indicate  quautities  suiHcieotly  minute,  while  those  quantities  cor- 
raspand  exactly  to  the  ohanges  of  indinatioa,  as  read  on  the  graduated  limb  of 
the  inalmment  of  which  it  forms  a  part 

Thirdly^  the  bubble  must  keep  its  station  when  Ae  Bngtes  are  moved  a  little 
ronnd  the  pivots  of  snspeDsion. 

Fourthly,  the  opposite  ends  of  liie  bubble  must  vary  alike  ia  ail  changes  of 
temperatnr^  or,  in  other  irords,  the  ends  of  the  bubble  most  elongate  or  oon- 
tract  alike  in  opposite  directions,  eo  that  the  mlMUle  point  may  always  be 
etatioiiary. 

Fifthly,  tiie  anglee  of  the  metallic  eDd-pieees  must  be  so  nieely  adjusted  that 
levenion  on  horizontal  piyotB  that  are  equal  wiU  not  alter  Ifte  plaoe  of  the 
bubble. 

«  Sixthly,  tiie  distance  between  the  two  seros  of  a  flaced  scale,  when  such  a 
graduated  scale  is  used,  should  be  equal  to  the  lengdi  of  tiie  bnbUe  at  the 

temperature  of  60°  of  Fahrenhcit.%  *icale,  and  should  be  marked  at  equal  dis- 
tances from  the  visible  ends  of  the  glass  tube.  Then,  as  the  bubble  lengthens 
by  cold,  or  shortens  by  heat,  its  extreme  ends  may  always  be  referred  to  these 
fixed  marks,  00,  on  the  scal^  and  will  M  either  withm,  upon,  or  beyond  them, 
aoeovding  to  the  easting  temperature.  The  number  of  sub-divisions  of  the  scale 
that  each  eud  of  tiie  bubble  is  standing  at,  counted  from  the  fbred  zero  marks,  at 
the  instant  of  finisMng  an  observation,  must  always  be  noted,  that  an  aDowsmcfi 
may  be  made  for  the  value  of  the  Ueviatiuu  iu  secoudb,  or  as  the  CiKjemay  require. 

Seventhly,  when  the  two  ends  of  the  bnbWe  are  not  alike  affected  by  a 
change  of  temperature,  the  scale  should  be  detached,  and  adjustable  to  the  new 
aero  points,  by  an  invernon  of  the  lereL 

Eighthly,  when  the  scale  has  only  one  zero  at  its  centre,  which  is  a  mode  of 
dividing  the  least  liable  to  uiisjappreh^sicm,  the  positions  must  be  reversed  at 
eadi  ofaeeryation,  and  both  tmds  of  Ae  bobble  read  m  each  position ;  £or  in  this 
cue,  if  any  change  has  taken  place  in  the  true  position  of  this  zero,  the  r^ulting 
error  will  merge  iu  the  redaction  of  the  ohserration.  Hiia  mode  of  graduating 
is  generally  practised  on  the  contineat." 


LEVELUNG, 


I  now  proceed  to  the  description  of  the  most  accurate  instru- 
ments for  measuring  the  differences  of  level,  or  yertu^  distances, 
between  different  stations. 

Of  epilit  levels,  for  this  purpose  there  arc  now  three  in  use, 
namely,  the  Y  level,  Troughton's  improved  level,  and  Gravatt's 
level 

THE  Y  LEVEL. 

The  following  figure  repres^ts  ihia  instrument.  A  is  an  aduo- 
matio  telescope,  resting  upon  two  supporters,  which  in  shape  re- 
semble the  letter  Y,  and  are  consequently  called  the  Ys.  The 
lower  ends  of  these  supporters  are  let  perpendicularly  into  a  strong 


bar,  which  carries  a  compass  box,  C.  This  compass  box  is  con- 
venient for  tfikiug-  Ivenrings,  and  has  a  contrivance  for  throwing 
the  needle  oil  its  centr when  not  in  use.  One  of  the  Y  sup- 
porters is  £tted  into  a  socket,  and  can  be  raised  or  lowered  by  the 
screw  B. 

Beneath  the  compass  box,  which  is  generally  in  one  piece  with 
the  bar,  is  a  conical  axis  j^assing  through  the  up|)er  of  two  parallel 
plates,  and  terminating  in  a  ball  supported  in  a  socket  Imme- 
diately above  this  upper  parallel  plate  is  a  collar,  which  can  be 
made  to  embrace  the  conical  axis  tightly  by  turning  the  clamping 
screw  E,  and  a  dow  horizontal  motion  may  then  be  given  to  the 
instrument  by  means  of  the  tangent  screw  D.  The  two  paraQel 
plates  are  connected  together  by  the  ball  and  socket  already  men- 
tioned, and  are  set  firm  by  four  milled-headed  screws,  whidi  turn 
in  sockets  fixed  to  the  lower  plate,  while  th^  heads  press  against 
the  under  side  of  the  upper  plate,  and  thus  serve  the  purpose  of 
setting  the  instrument  up  truly  level 
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Beneath  the  lower  parallel  plate  is  a  female  screw,  adapted  to 
the  staiF-head,  which  is  connected  by  brass  joints  witll  three  ma- 
hogany legs,  so  coiiBtructed  as,  when  shut  together,  to  form  one 
round  staff,  a  very  convenient  form  for  portabiHty,  and,  when 
opened  ont,  to  make  a  very  firm  stand,  be  the  ground  ever  so  un- 
even. 

The  sinrit  leyel  /  /is  fixed  to  the  telescope  by  a  joint  at  one  end, 
and  a  capstan-headed  screw  at  the  other,  to  raise  or  depress  it  for 
adjustment. 

In  looking  through  a  telescope  a  connderable  field  of  yiew  is 
embraced;  but  the  measurements  indicated  by  any  instrument,  of 
which  the  telescope  may  form  a  part,  will  only  have  reference  to 
one  particular  point  in  this  field  of  view,  which  particular  point  is 
conndered  as  tihe  centre  of  this  field  of  view.  We  must  therefore 
place  some  fixed  point  in  the  field  of  view,  aud  in  the  focus  of  the 
eye-piece,  and  the  pomt  to  which  the  measurement  will  have  re- 
fidrence  will  be  that  point  of  the  object  viewed,  which  appears  to 
be  comcident  with  this  fixed  point,  or  which,  as  the  technical 
phrase  is,  is  bisected  by  the  fixed  point. 

The  intersection  of  two  fixed  lines  will  furnish  us  with  such  a 
fixed  point,  and  consequently  two  lines  of  spider's  web  are  fixed 
at  right  angles  to  each  other  in  tVic  foeu?  of  the  eye-piece.  They 
are  attached  by  a  little  gum  to  a  brass  ring  of  smaller  dimensions 
than  the  tube  of  the  telescope,  and  which  is  fixed  to  the  tube  by 
four  small  screws,  a,  b,  c,  d.  If  the  screw 
d  be  cased,  while  at  the  same  time  c  is 
tightened,  the  ring  will  be  moved  to  the 
right ;  but  if  c  be  eased  and  d  tightened,  the 
ring  will  be  moved  to  the  left ;  and  in  a  like 
manner  it  may  be  moved  up  or  down  by 
means  of  the  screws  a  and  b. 

When  the  instrument  is  in  adjustment,  the 
axis  of  the  tube  of  the  telescope  is  set  truly  horizontal  by  means  of 
the  level  beneath  itj  and  the  line  of  observation  ought  consequently 
to  be  parallel  to  this  axis.    Let  A  represent  the  proper  portion  of 

the  intersection  of  the  cross  wires,  and   

O  A  the  direction  of  the  axis  of  apenoil  i  ^ 
of  light  passing  through  the  olject- 
glassandcomingtoitsfocusat  A  Then,theaxisof  thetubeof  the 
telescope  being  set  truly  horizontal,  the  line  A  O  is  also  truly 
horizontal,  and  every  point  bisected  by  the  intersection  of  the 
cross  wires  will  be  situated  on  the  prolongation  of  the  horizontal 
line  AO. 
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Suppose  now  the  position  of  the  diaphragm  carrying  the  cross 
wires  to  have  become  deranged,  eo  tliat  the  point  of  intersection  is 
moved  to  B,  then  every  point  bisected  by  the  intersection  of  the 
cro&a  wires  will  be  on  the  prolongation  of  the  line  B  O,  and  will 
consequently  be  below  the  true  level  point  on  the  Hne  A  O. 

Let  now  the  telescope  be  turned  half  round  in  the  Ys,  and  let 
the  annexed  figure  represent  it  in  its  new  podtion ;  then,  in  this 
new  position  of  the  telescope^  the  pro- 


longation  of  the  line  B  O  will  rise  J 
above  the  prolongation  of  the  level 
line  A  O,  and  at  the  same  distance  from  the  telescope,  the  point 
now  bisected  hy  the  intersection  of  the  cross  wires  will  be  as  much 
above  the  true  level  point  on  the  line  A  0  as  the  point  before 
bisected  by  them  was  bebw  it.  The  true  level  point  is  therefore 
midway  between  the  two  points  observed  in  the  two  positions  of 
the  telescope,  and  the  diaphragm  carrying  the  cross  wires  is  to  be 
moved  by  means  of  the  screws  a,  h,  c,  rf,  till  th^  point  of  intersec- 
tion coincides  with  that  true  level  point.  The  telescope  is  then  to 
be  again  tamed  round  upon  l^e  Ys,  and  if  tiie  same  point  be  still 
bisected  by  the  intersection  of  the  cross  wires,  they  are  in  their 
proper  position ;  but  if  not,  the  same  method  of  adjustment  must 
be  repeated  till  the  same  point  is  bisected  by  the  intersection  of  the 
cross  wires  in  every  position  of  the  telescope. 

Tiiia  error  of  derang-ement  has  a  technical  denomination.  The 
line  0  A,  or  0  B,  from  O  to  the  point  of  intersection  of  the  cross 
wires,  is  called  the  Vme  of  collimation,  and  the  error  arising  from 
their  derangement,  the  method  of  detecting  and  correcting  which, 
I  have  bhcwn,  is  called  the  error  of  collimation. 

When  the  image  of  the  object  viewed,  formed  by  the  object- 
glass,  either  falls  short  of,  or  beyond  the  place  of,  the  cross  wires, 
the  error  arising  from  this  cause  is  called  parallax.  The  existence 
of  parallax  is  determined  by  moving  the  eye  about  when  looking 
through  the  telescope,  observing  whether  the  cross  wires  change 
their  position,  and  are  flittering  and  undefined. 

To  correct  this  error,  first  adjust  the  eye-piece  by  means  of  the 
moveable  eye-piece  tube,  till  you  can  percdve  the  cross  wire 
clearly  defined,  and  sharply  marked  against  any  white  object. 

Then  by  moving  the  milled-headed  screw  A,  at  the  mde  of  the 
telescope,  the  internal  tube  a  is  thrust  outwards  or  drawn  inwards, 
until  yon  obtain  the  proper  focus,  according  to  the  distance  of  the 
object,  and  you  are  enabled  at  once  to  see  clearly  the  object,  and 
the  intersection  of  the  wires,  clearly  and  sharply  defined,  before  it 
The  existence  of  paraUax  is  very  inconvenient,  and  where  disre- 
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garded,  has  frequently  been  prodacliTe  of  serious  eiror.  It  iriU 
not  always  be  found  sufficient  to  set  the  eye-glass  firsts  and  the 
object-glass  afterwards.'  The  setting  of  the  object-glass,  by  intro- 
ducing more  distant  rays  of  li^t^  will  afifect  the  focus  of  the  eye* 
glass,  and  produce  parallax  or  indistinctness  of  the  wires,  when 
there  was  none  before ;  the  eye-piece  must,  in  this  case,  be  adjusted 
again. 

Generally,  when  once  set  for  the  day,  there  is  no  occasion  for 

altering  the  eye-glms,  but  tbe  ohject-rjlass  will  of  course  have  to  be 
altered  at  every  change  of  distauce  of  the  object. 

In  adjusting  the  instrument,  the  parallax  should  be  first  cor- 
rected, and  then  the  error  of  coUimation.  The  line  of  collimation 
being  thus  brought  to  coincide  with  the  axis  of  the  tube  of  the 
telescope,  two  further  adjuMii  i  its  are  necessary  :  the  first  to  ad- 
just the  bubble-tube,  so  thai  U  may  truly  indicate  when  the  axis' 
of  tbe  telescope  is  honzontal ;  and  the  second  to  set  the  axis  of  the 
telescope  perpendiculai*  to  the  vertical  axis  round  which  the  iustru- 
ment  turns. 

To  adjust  the  Bubble-Tube, — Move  the  telescope  till  it  lies  in  the 
direction  of  two  of  the  parallel  plate  screws,  and  by  giving  motion 
to  these  screws  bring  tfae  air  bubble  to  the  centre  of  its  run.  Now 
reverse  the  telescope  carefully  in  the  Ys,  that  is,  torn  it  end  for 
end ;  and  should  tbe  bubble  not  settle  at  the  same  pdnt  of  the  tube 
as  before,  it  shews  that  the  bubble-tube  is  out  of  adjustment,  and 
requires  correcting.  The  end  to  which  the  bubble  retires  must 
then  be  noticed,  and  the  bubble  made  to  return  one-half  the  dis- 
tance hj  turning  the  parallel  pUte  screws,  and  the  other  half  by 
turning  the  capstan-headed  screw  at  the  end  of  the  bubble-tube. 
The  telescope  must  now  again  be  reversed,  and  the  operation  be 
repeated,  until  the  bubble  settles  at  the  same  point  of  the  tube,  in 
the  centre  of  its  run,  in  both  positions  of  the  instrument  Q^e  ad- 
justment is  then  perfect,  and  the  clips  which  serve  to  confine  the 
telescope  in  the  Ys  should  be  made  &at. 

Lastly  f  to  set  ^  Axis  of  the  Tdeecope  perpendietdar  to  the  Fer- 
tical  Axis  round  which  the  Instrument  turns* — ^Place  the  telescope 
over  two  of  the  parallel  plate  screws,  and  move  them,  unscrewing 
one  while  screwing  up  the  other,  until  tbe  babble  of  the  level  set- 
tles in  the  centre  of  its  run ;  then  turn  the  instrument  half  round 
upon  the  vertical  axis,  so  that  the  contrary  ends  of  the  telescope 
may  be  over  the  same  two  screws,  and  if  the  bubble  does  not  again 
settle  at  the  same  point  as  before,  half  tbe  error  must  be  corrected 
by  turning  the  screw  B,  and  the  other  half  by  turning  the  two  pa- 
rallel plai;e  screws  over  which  the  telescope  is  placed.   Next  turn 
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the  telescope  a  quarter  round,  that  it  may  He  over  the  other  two 
screws,  and  repeat  the  process  to  bring  these  two  screws  also  into 
ao|justment ;  and  when,  after  a  few  trials,  the  bubble  maintains 
acdy  the  same  pontion  in  the  centre  of  its  nm,  while  the  telescope 
is  turned  all  round  upon  the  axis,  this  axis  will  be  truly  vertical, 
and  the  axis  of  the  telescope  being  horizontal  bj  reason  of  the  pre- 
vious adjustment  of  the  bubble-tube,  will  be  perpendicular  to  that 
vertical  axis,  and  remain  truly  horizontal,  while  the  telescope  is 
turned  completely  round  upon  the  staves.  The  adjustment  is 
theretbre  perfect. 

The  object  of  the  above  adjustments  is  to  make  the  line  of  colli- 
mation  move  round  iu  a  horizontal  plane,  when  the  inbtrument  is 
turned  round  its  vertical  axis,  and  the  methods  above  explained 
suppose  that  the  telescope  itself  is  constructed  with  the  utmost 
*  perfection,  so  that  the  axis  of  the  tube  carrying  the  object-glass  is 
always  in  the  same  straight  line  with  the  axis  of  the  main  tube, 
whidi  carries  the  diaphragm  with  the  cross  wires.  If  this  perfect 
tion  in  the  construction  of  the  instrument  does  not  exist,  the  line 
of  coUimation  will  vary,  as  the  tube  carrying  the  object-glass  is 
thrust  out,  and  drawn  in,  to  adjust  the  focus  for  objects  of  different 
distances.  What  is  really  required  then  is,  that  the  cross  wires  be 
so  adjusted  that  the  line  of  coUimation  maybe  in  the  same  straight 
line  with  the  line  in  which  the  centre  of  the  object-glass  is  moved, 
and  that  the  bubble  of  the  level  be  at  the  centre  of  its  run,  when 
this  line  of  coUimation  is  directed  to  view  objects,  at  the  same  level, 
or  at  the  same  distance  from  the  centre  of  the  earth* 

We  are  indebted  to  Mr.  (jravatt,  of  whose  level  I  shall  here- 
after speak,  for  a  method  of  collimating,  which  satisfies  the  above 
requirements,  and  removes  any  error  arising  from  imperfection  in 
the  slide  of  the  telescope,  while  at  the  same  time  the  line  of  coUi- 
mation is  set  with  the  end  at  the  object-glass,  sbghtly  depressed, 
instead  of  exactly  horizontal,  so  as  to  remove,  or  nearly  so,  the 
errors  arising  trom  the  curvature  of  the  earth,  and  the  horizontal 
refraction, 

T<t  examine  and  correct  the  CoUimation  by  Mr.  Gravaifs  Method. — "  On  a 
tolerably  level  piece  of  ground  drive  in  three  stakes  at  intervals  of  about  four  or 
five  cbaia^  calling  tiie  first  stake  a^  the  second  bj  and  the  third e. 

*^  Place  the  instrumeiit  lialf  way  betweoi  the  Btakes  a  and  and  read  tfaesteff 
A,  placed  on  the  stake  a,  and  also  the  staff  B,  placed  on  the  stake  h ;  call  the  two 
readings  A'  and  B' ;  then,  althongh  the  bstniment  be  out  of  aiiyastinent,*  yet  the 

*  The  axis  of  the  instrument  b  to  be  set  yoiticid  by  means  of  the  parallel  plate 

screws,  hy  placin,?  the  telencopf*  nvcr  each  pair  alternately,  and  mo%nnptlicm  until  the 
air  bubble  remoius  in  the  «ame  pu&itioQ,  when  the  iostrument  is  tamed  half  round 
upon  ila  axis. 
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points  r«ad  off  will  be  equidistaat  Aook      earUi't  oentrey  and  consequent^ 
level 

'*  Now  remom  the  instnuneot  to  a  point  half  way  between  b  and  e.  Agun, 
read  off  the  staff  B,  and  read  also  a  staff  placed  on  the  stake  e,  which  call  st^G 
(the  one  before  called  A  being  remoyecl  into  thnt  sitnation.)  Now,  by  adding  tbe 
diflference  of  the  readings  on  B  (with  its  proper  sign)  to  the  reading  on  C,  we  get 
three  points,  say  A^,  B'^  aod  C'^  equidistant  from  the  earth's  centre,  or  in  the  same 
true  leveL 

"  Place  the  inatnunent  at  any  abort  distance,  say  half  a  chwn  beyond  and 

using  the  bubble  merely  to  see  that  yon  do  not  disturb  the  instrument,  read  all 
three  staffs,  or,  to  speak  more  corrpctly,  get  a  reading  from  each  of  the  stakes,  a, 
bf  e/  call  these  three  readings  A'',  ii  ,  C Now,  if  the  stake  b  be  liail  way  between 
aandc/thenongbtO^— CX— (A''— A')tobe  eqoal  to  2[B''— (A'- 
A')] ;  but  if  sot,  alter  the  screws  which  a^jnst  the  dia]dingm,  and  oonaeqaently 
the  hon/ontal  s])i(ler  line  or  wire,  untO  sndibe  the  case;  and  then  the  instra.- 
ment  will  be  adjusted  for  colli mation. 

To  at^ust  the  spirit  bubble  without  removing  the  instrument,  read  the  staff 
A,  say  it  reads  Af'\  then  adding  (A''' — A^  with  its  proper  sign  to  B'  we  get  a  * 
vdoe,  say  W*'. 

''Adjust  the  instnunent  by  means  of  the  parallel  plateeerewaf,  to  read  on 

the  staff  B. 

"Now,  by  the  screws  attached  to  the  bubble-tube,  bnug  the  bubble  into  the 
centre  of  its  run. 

"The  inatrument  will  now  be  in  complete  praotical  adjostment  fat  levd^  cnr- 
vatare,  and  horizontal  refraction,  for  any  distence  not  exceeding  ten  chains^  tike 
iMftTiirmTifi  error  being  only  j^Q^th.  of  a  foot.'* 

Before  makiDg  observation?  with  this  mstrument,  the  adjusts 
mente  should  be  carefiillj  examined  and  rectified^  aflter  wMeh  the 
screw  B  should  never  be  touched;  but  at  each  station  the  parallel 
plate  screws  alone  should  be  used  for  setting  the  axis  round  which 
the  instrument  turns  truly  vertical,  when,  in  consequence  of  the 
adjustments  previously  made,  the  line  of  colHmation  will  be  truly 
level,  ^or  this  purpope  the  telescope  must  be  placed  over  each 
pair  of  the  parallel  plate  screws  alternatclv,  and  they  must  be 
moved  till  the  air  bubble  settles  in  the  middle  of  the  level,  and  the 
operation  being  repeated  till  the  telescope  can  be  turned  quite 
round  upon  the  stafF-head,  without  any  change  taking  place  in  the 
])osltion  of  the  bubble,  the  instniment  will  be  ren.dy  to  read  off  the 
graduations  upon  the  levelling  staves,  which  we  proceed  to  describe. 

In  all  work  where  great  accuracy  is  required,  the  Y  level  above 
described,  is  preferable  to  either  of  the  others ;  but  both  Tiou^- 

«  Wliatcvcr  be  the  diatanoes  between  the  atakea  a,  b,  and  «,  the  following  iitopoi'o 

tioiis  ouglit  to  hold,  viz. : — 

The  distance  fiom  a :  6 :  the  distance  a  to  c : :  B"—    —  (A"— A',) :  0"  C— 

(A"— A'.) 

t  If  thiB  adjaatment  be  made  by  the  mww  B,  instead  of  the  parallel  plate  scrowa, 
the  Hoc  of  colllnuttion  ^nli  be  brought  into  its  proper  pontion  with  respect  to  the 
vertical  axis. 
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ton's  level  and  Giavatt's  level  are  calcnlated,  by  their  lightness^ 
and  by  their  being  less  liable  to  derangement  when  once  properly 
adjusted^  to  get  rapidly  over  the  ground. 


TROUaETON'S  LEVBL. 


In  this  level  the  telescope  T,  rests  close  down  upon  the  hori- 
zontal bar^  b  b,  the  spirit  level,  1 1,  is  permanently  fixed  to  the  top  of 
the  telescope,  and  does  not,  therefore,  admit  of  adjustment,  and  the 
compass  box,  C,  is  supported  over  the  level  by  four  small  pillars 
attached  to  the  horizontal  bar.  This  construction  makes  the  in- 
strument very  firm  and  compact.  The  staves,  staff-head,  and  paral- 
lel plates  by  which  tbe  instrument  is  supported,  and  the  vertical 
axis  upon  which  it  turn?,  are  of  exactly  the  same  construction  as 
has  been  already  described  as  used  for  supporting  th<^  Y  level. 

The  diaphragm  is  furnished  with  three  threads,  two  of  them  ver- 
tical, between  which  the  levelling  staff  may  be  seen,  and  the  third, 
horizontal,  gives  the  reading  of  the  staff  by  its  coincidence  with  one 
of  the  graduations  marked  upon  it  Sometimes  a  pearl  niicrometer 
scale  is  fixed  on  the  diajihragm,  instead  of  the  wires.  The  central 
division  on  the  scale,  then,  indicates  the  collimatiiig  point,  and  by 
its  coincidence  with  a  division  of  the  levelling  stafl"  gives  the  re- 
quired reading  of  this  staff:  and  the  scale  serves  the  purpose  of 
measuring  distances  approximately,  and  of  determining  stations 
nearly  equidistant  from  the  instrument,  since  at  such  equal  dis- 
tances the  staff  will  subtend  the  same  number  of  divisions  upon  the 
micrometer-scale. 

In  selecting  a  level  of  Troughton*s  construction,  and  also  in 
testing  and  adjusting  the  collimation  subsequently,  Mr.  Crravatt*s 
method,  already  described,  is  the  best  to  be  used ;  and  when  the 
line  of  collimation  is  thus  brought  into  adjustment,  if  the  bubble 
be  far  from  the  centre  of  its  run,  the  &.ult  can  only  be  remedied  by 
the  maker ;  but  if  the  bubble  settle  very  nearly  in  the  centre  of  its 
run,  the  instrument  may  be  deemed  a  good  one,  and  the  divisions 
on  the  glass  tube  which  coincide  with  the  ends  of  the  bubble  being 
noted,  the  instrument  must  be  set  up  for  use  with  the  bubble  in 
this  position. 

The  line  of  coUimatiou  is  net  ])erpendicular  to  the  vertical  axis 
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in  the  eamo  manner  as  In  the  Y  level,  by  means  of  the  capstan 
screws  B  the  bubble  being  made  to  maintain  the  requisite  posi- 
tion, as  above  determined,  while  the  instmment  is  turned  com- 
pletely round  on  its  axis. 

MR.  aEAVATT'S  LEV£L. 

This  instrument  is  furnished  with  an  object-glass  of  large  aper- 
ture and  short  focal  length ;  and  sufficient  light  being  thus  obtained 


to  admit  of  a  higher  iiiui^ruifying  power  in  the  eye-piece,  the  advan- 
tages of  a  much  Larger  instrument  are  ohlained,  withcnit  the  incon- 
venience of  its  length.  The  diaphragm  is  carried  by  the  internal 
tube  a  a,  which  is  nearly  equal  in  length  to  the  external  tube.  The 
external  tube  TT  is  sprung  at  its  aperture,  and  gives  a  steady  and 
evcu  motion  to  the  internal  tvibe  a  a,  which  is  thrust  out,  and  drawn 
in,  to  adjust  the  focus  for  ol)jects  at  different  distances  by  means  of 
the  milled-headed  screw  A.  The  spirit  level  is  placed  above  the 
telescope,  and  attached  to  it  by  capstan-headed  screws,  one  at  cither 
end,  by  means  of  which  the  bubble  can  be  brought  to  the  centre  of 
its  run,  as  in  the  case  of  the  Y  level,  when  the  line  of  collimation 
is  brought  to  the  proper  level  by  Mr.  Gravatt*s  method  of  adjust- 
ment, already  explained. 

QThe  telescope  is  attached  to  a  horizontal  bar,  in  a  amilar  man- 
ner to  Tkt>ughton'8  level,  but  room  is  just  left  between  the  teles- 
cope and  the  bar  for  the  compass-box. 

A  cross  level,  k,  is  placed  upon  the  telescope  at  right  angles  to 
the  principal  level  II,  by  which  we  are  enabled  to  set  tibe  instrument 
up  at  on(^  with  the  axis  nearly  verticaL  A  mirror,  tn,  mounted 
upon  a  hinge-joint,  is  placed  at  the  end  of  the  level,  so  that  the 
observer,  while  reading  the  staff,  can  at  the  same  time  see  that  the 
instrument  retains  its  proper  position — a  precaution  sometimes 
desirable  in  windy  weather,  or  on  bad  springy  ground. 

The  telescope  is  attached  to  the  horizontal  bar  1^  capstan- 
headed  screws,  BB,  as  in  Tronghton*s  level,  by  which  the  line  of 
collimation  is  set  perpendicular  to  the  vertical  axis ;  and  the  instru- 
ment is  set  up  upon  parallel  plates,  as  before  described,  for  tiie  Y  level. 
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The  level  I  use^  and  which  was  speciallj  constructed  for  me  by 
the  Messrs.  Elliott  is  ^thout  either  the  cross  level,  the  compass- 
box,  or  the  mirror ;  the  advantages  obtained  from  the  occasional 

use  of  which,  not  being  e([ual  in  my  estimation,  to  the  benefits 
arising  from  the  use  of  a  light  instrument,  divested  of  every  un- 
necessary encumbrance. 

LeveUmg  Staves. 

One  kind  of  staff  has  superiority  over  another  only  in  the  degree 
of  its  applicability  to  the  purposes  for  which  it  is  required — hence 
ft  folding  staff  is  more  hanfly  for  travelling,  but  a  staff  in  one 

length  is  preferable  for  roTigh  use,  if  it  has  not  to  he  transported 
from  one  place  to  another  ;  but  of  wlintpver  description  of  mecha- 
nical arrangement  the  staff  may  pariakij,  it  is  a  great  desideratuin 
that  it  present  to  the  o})server  a  clear,  simple,  graduated  face, 
upon  which  he  can  o] uain  for  himself  the  reading  of  the  quantities 
by  the  aid  c  f  lii:^  telescope* 

The  oid-iashioned  vane  staves  are  so  far  gone  out  of  use  that  it 
is  not  intended  to  notice  them  here. 

Many  levelling  staves  are  figured  by  means  of  printed  papers 
pasted  or  rather  stuck  on;  but  these  are  objectionable,  as  in  wet 
weather  tlie  paper  will,  by  constant  use,  rub  off,  and  thus  the  uti- 
lity of  the  btaff  is  at  once  destroyed. 

Levelling  surveyors,  who  paint  their  own  staves,  have  varied 
fancies  as  to  the  method  of  doing  it;  all  first  divide  the  staff  into 
feet  and  tenths,  but  some  subdivide  those  tenths  into  actual  hun- 
dredths. I  have  tried  many  ways,  and  will  give  the  one  my 
ezpeiienoe  has  led  me  to  prefer.  Fig.  173  represents  this 
staff 

It  will  be  observed,  that  the  division  of  the  feet  is  always  rea- 
dily distinguished  by  the  top  of  the  large  figure  which  numbers 
the  feet,  and  ihe  bottom  of  the  large  figure  is  always  *85,  conse- 
quently, the  division  of  the  *90  always  crosses  the  large  figure  at 
l^rd  of  its  length,  and  the  •80  is  always  a  little  below  the  foot  of  it 
•75  is  marked  by  a  red  line,  which  differs  from  the  *25  in  this  par- 
ticular, that  one  crosses  the  staff  in  a  plain  white  space,  while  the 
other  crosses  through  one  of  the  black  blocks.  *70  is  exactly  at 
the  top  of  the  block,  immediately  bdow  the  distinctive  mark  of '75, 
ajid  *60  is  the  mark  intervening  between  *70  and  *50,  which  latter 
is  represented  by  the  top  of  the  letter  Y ;  *40  is  the  bottom  of  the 
and  '30  is  next  above  the  distinctive  mark  of  '25,  aa  '20  is  next 
below  it.    *10  is  readily  distinguished  as  next  above  the  preceding 
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figure  denoting  the  number  of  feet,  and  thus  completes  a  very  sim- 
ple, and  at  the  same  time,  a  very  bold  and  distinctly  marke*!  staiT, 
clearly  legible  in  dull  weather,  and  about  the  subdivi?!: n  ot  which 
to  hundredths  there  is  no  difficulty  whatever  to  a  practised  eye, 
and  no  chance  of  error  beyond  a  himdrcdib  at  most  to  an  unprac- 
tised one.  The  absence  of*  all  other  figures  than  ilio^e  u  umbering 
the  feet  render  the  mistake  of  one  figure  for  another  impossible, 
and  -while  there  are  doubtless  many  as  good,  it  is  confidently  be- 
lieyed  few  are  better. 

The  opemtion  of  leyeUing  is  performed  in  this  simple  way — a 
staff  is  held  up  at  the  two  places  between  which  the  difference  of 
level  is  required,  and  if  the  reading  on  one  staff  is  more  than  that  on 
the  other«  the  difference  between  them  is  the  difference  of  level, 
or  the  measure  hj  which  ihe  distance  of  one  from  the  earth's  cen- 
tre exceeds  that  of  the  other.  We  have  already  seen  that  within 
a  distance  of  10  diains  from  the  level  there  is  no  correction  re- 
quired for  curvature  and  refraction^  and^  consequentiy,  no  level 
diould  be  taken  beyond  this  distance  from  the  instrument.  It  is 
hardlj  necessary  to  mention  this,  for  veiy  few  instruments,  unless 
too  large  and  cumbersome  for  ordinary  requirements,  will  read  a 
staff  distinctly  at  a  greater  distance. 

Let  figure  173a  represent  a  section  of  the  sar£ace  between  two 
points  A  and  G,  the  difference  of  level  between  which  is  required. 

Set  up  the  Inptrriment  at  B,  and  read  a  stalF  at  A;  reverse  the 
telescope,  and  read  a  staff  at  C.  Remove  the  ingtmment  to  D ;  get 
another  reading  from  the  same  staff  at  C,  and  from  a  fresh  staff  at 
E ;  again  remove  the  instrument  to  F,  and  get  readings  from  E* 
and  G.  Now,  it  is  evident  from  what  has  been  said,  that  the  8um 
of  the  back  reatlings,  minus  the  sum  of  the  fore  readings,  is  the 
difference  of  level  required  ;  and  to  avoid  negative  quantities,  we 
^vUi  assume  the  point  A  is  20  feet  above  an  imaginary  level  plane, 
which  we  call  our  Datum  line.   The  calculation  stands  thus:— 


Height  of  A  above  datum  20  * 

Add  reading  of  staff  A  11-50 


31  •  50 

Deduct  fore  reading  of  staff  C   11  *  90 


Qives  the  hei^t  of  C  above  datum  19  *  60 

Add  back  residing  ofC  as  taken  at  D  12*20 


31  -80 
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31  •  80 


Dediu^  fore  reading  of  E  taken  at  D  ... 

•         •        a  8 

•46 

HeiPfht  of  E  aboTe  datum  

•    •   •  23 

•34 

•64 

30 

•98 

•98 

•00 

A  being  20  above  datum,  and  G  being  23,  Gr  is  obvioosly  3  feet 
higher  than  A.  It  will  however  be  seen,  that  the  highest  point  is 
which  is  23*34  above  datam>  and  conseqnentlj^  0*34  aboye  G ; 
C  is  19*60  feet  above  datum,  or  0*40  feet  below  A. 

In  actual  practice,  the  adding  and  subtracting  the  back  and  fore 
readings  is  never  (or  at  all  events  by  very  few  surveyors)  carried 
out  in  detul,  in  the  manner  which,  for  the  sake  of  e^lidtness,  it 
has  been  given  above.  It  is  obvious,  that  if  the  difference  of  level 
between  two  staves  be  added  when  the  fore  reading  is  the  lesser,  or 
subtracted  when  it  is  greater,  it  will  produce  the  same  result — for 
example,  the  difference  of  level  between  A  and  C  is  0*40  feet,  and 
the  Ihu^  sight  being  the  lesser  height  if  that  is  subtracted  from  the 
datum  at  A,  it  will  ^ve  the  height  of  C>  and  so  on  throughout  the 
series. 

There  Mre  several  forms  of  levelling  books  in  use  among  sur- 
veyors,  but  they  only  differ  as  to  the  position  and  number  of  the 
verticai  columns ;  it  will  be  only  necessary  for  me  to  describe  one 
of  these  forme. 

Takin*!  niir  preceding  example  then,  the  annexed  is  a  specimen 
of  the  practical  reduction  of  it  in  a  Field  Book. 


Zevdt  taken  from  A  to  G. 


Bade 
Sights. 

Fore 

Sights. 

i  Rise. 

FaU. 

Reduced 
Levels. 

BmiARKS. 

LinkB 

800 

1.100 
2000 

20. 
11.50 
12.20 
7.64 

11.90 
8.46 
7.98 

20. 
3.74 

.40 
.34 

20. 

19.60 
23.34 
23. 

Datxun  line  20  ft.  below  A 
Station  A 
„  0. 
EL 

51.34 
28.34 

28.34 

28.74 
.74 

.74 

23. 

28. 
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Yetj  few  remarks  will  serve  to  render  this  form  of  Field  Book 
intelligible.  Distances  have  been  ixiserted  to  shew  the  nse  of  the 
column  headed  distances ;  but  in  many  cases  distances  are  not  taken 
in  levelling. 

The  dattim  line  is  first  ftiUy  described  in  the  oolontn  of  remarks. 
The  height  above  datum  is  then  placed  in  the  colnmn  of  reduced 
levels^  as  the  height  of  station  A ;  and  it  is  also  repeated  in  the 
columns  headed  "  back  sights,"  and  "  rise,"  for  the  purposes  of  the 
proof  of  the  casting,  as  will  be  hereafter  seen.  The  back  sight  * 
at  A,  and  the  fore  sight  at  C,  are  now  placed  side  hy  side  in  their 
respective  columns,  and  their  difference  placed  in  the  proper  column 
of  "  rise  "  or  "  fall,"  as  the  case  may  l)e.  In  like  manner  the  hack 
sight  at  C,  and  the  foresight  at  E,  are  entered,  and  so  on  through- 
out  the  series.  The  rises  arc  now  added  to  the  preceding  height 
above  datum,  and  the  falls  deducted  and  the  results  shew  the  re- 
spective heights  of  each  station. 

The  method  of  keeping  a  Field  Book  admits  of  two  proofs. 
First^ — If  the  sum  of  the  fore  sights  is  deducted  from  the  sum  of 
the  back  sights,  including  the  first  height  above  datum,  it  will 
give  the  relative  height  of  the  last  station,  and  should  conse- 
quenlfy  correspond  with  the  last  item  of  reduced  levels.  In  like 
maimer  if  the  sum  of  the  falls  be  deducted  from  the  sum  of  the 
rises^  including  the  &8t  height  above  datum,  it  will,  if  correct^ 
produce  the  same  result. 

Attention  to  a  few  trifling  circumstances  in  levelling  will  secure 
most  important  results.  If  the  level  is  always  placed  perfeotl7 
central  between  two  stations,  the  results  will  alwajs  be  correct 
irrespective  of  an j  instrumental  error.  If  it  is  sometimes  neces- 
sary to  have  a  long  back  sight  and  a  short  fore  sight,  it  is  always 
practicable  to  reverse  the  order  within  a  station  or  two,  so  that 
the  back  sights  and  fore  sights  are  made  to  balance.  Never  get 
a  reading  from  a  staff  without  first  observing  that  the  bubble  of 
the  spirit  tube  is  in  the  centi«  of  its  run;  nor  ever  leave  a  staff 
after  the  reading  until  it  has  been  entered  in  the  book,  and  has 
been  again  examined*  If  accuracy  is  not  of  less  importance  than 
expedition  never  use  a  sta£f  as  a  rule,  that  is  more  than  about  ten 
feet  long;  it  is  all  very  well  to  have  an  extra  length  for  excep- 
tional cases,  but  the  best  staff  holder  will  not  keep  a  long  staff 
perpendicular.  It  should  be  borne  in  mind,  that  errors  of  this 
description  are  not,  as  is  often  the  case  in  instrumental  errors, 
capable  of  balancing  themselves  by  being  sometimes  of  a  positive. 


•  That  i8»  tlM  reading  of  the  stiiir. 
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and  at  others,  of  a  negatiTO  character,  and  thuB  standing  a  chance 
of  accidental  adjustment.  If  a  staff  is  not  held  perpendicnlar,  the 
error  must  always  be  iJiat  the  reading  observed  is  too  much^  the 
perpendicular  distance  between  any  two  points  being  always  the 
shortest  distance  possible. 

Of  course,  if  the  same  error  exists  in  both  back  and  fore  read- 
ing it  is  immatenaL  But  the  use  of  these  long  staves  is  only 
brought  into  action  in  descending  or  rising  a  hill,  when  one  read- 
ing U  nearly  zero,  while  the  other  is  perhaps  fifteen  feet  up  the 
staff.  There  is  one  chance  of  a  balance  with  errors  of  this  kind — 
and  it  is  in  cnsea  when  the  ascents  and  descents  are  equal ;  a  cir- 
cumstance against  which  the  odds  arc  very  great.  The  staff' 
holders  should  always  be  provided  with  soraethinjr  to  stand  the 
staff  upon,  to  ensure  the  reversal  of  the  staff  between  the  readlugs 
£roni  the  different  stations  of  the  inslrunicnt  with  matlieniatical 
precision.  A  penny,  or  a  sma.ll  piece  of  tile  or  slate  is  better  than 
nothing,  but  tar  preferable  to  that,  is  what  is  called  a  "  tripod." 
This  little  instrument  consists  of  a  triangular  piece  of  sheet  iron 
of  about  an  eighth  of  an  inch  thick,  shod  at  the  comers  to  enter 
the  ground ;  and  a  semi-circular  ball  is  rivetted  on  to  the  top,  so 
that  whatever  the  position  of  tripod  or  staff,  the  latter  is  certain 
to  be  placed  on  the  same  spot,  notwithstanding  any  removal  in  the 
interim  between  the  first  and  last  reading.  A  small  chain,  with 
a  ring  or  leather  strap  attached,  enables  the  staff  holder  to  lift  it 
from  the  ground,  and  carry  it  from  station  to  station  without  in- 
convenience. 

If  any  intermediate  readings  occur,  that  is,  points  of  which  it 
is  competent  to  ascertain  the  level  without  moving  the  instrument 
to  do  it ;  the  most  simple  method  is  to  treat  the  fore  sight  of  the 
intermediate  as  a  fresh  back  sight,  and  re-enter  it  as  such :  but  in 
proving  the  castings  these  need  not  be  cast  in  with  the  others,  but 
such  as  occur  in  both  columns  can  of  course  be  cancelled.  I  sub- 
join one  practical  example. 


DistanoM 


000 
GOO 
1000 
1600 
2100 

2300 
2500 
2700 
dOOO 

3600 
3800 

MOO 

4:650 
5000 
6000 
7000 

7^70 

1  mile 
750 
1000 
1400 
1800 
2100 
2480 

2720 
2950 
S300 

4300 

5300 
6300 
700O 
Smiles 

1000 
1200 
1209 
2000 
3000 
4000 
5000 
6000 


100. 


3.79 


4.05 


4.28 
0.33 
6.76 
7.44 


*1536 


7.S4 
8.9'J 
9.18 
9.84 

*  4.46 


J.77 
*  4.01 


2.09 
6.10 

5.32 
3.60 


_ML0O 

1.66 


1X7 
0.10 
1.86 


*  7.34 


9.01 
8.48 
9.24 
9.24 


*  6.76 


7.43 
&80 
4.80 
409 

4.G7 
5.35 
4.75 
3.10 
6.16 
5.61 
4.05 
2M 


i^'ore 


299.54 

154.59 


*4.05 


4.96 
2.09 
4.05 
8.19 


0.45 


0.  23 

1.52 
1.40 

1.  as 

1.55 
1.84 


4.46 


2.69 


4.01 


6.27 
6.71 
3.78 

5.84 

*1.00 


6.66 


12.20 
12.68 
10.46 


*7.34 


0.31 

o.^r, 

1.68 


6.76 


1.46 
6.87 
6.10 
6.18 
437 
5.54 
4.44 
0.24 
6.02 
6.96 
2.26 

6.53 
9.28 


164.69 


Rise. 


FaU. 


100. 


2.19 

2.57 
6.99 

•22 
6.32 

7.59 
7.85 
8i.29 
8.09 

2.18 
1.77 
1.76 


2.32 

2.60 


7.03 
8,48 
8.27 
7.66 
2.48 
5.30 
1.66 
.70 


.91 

4.51 


3.35 


211.21 

66.26 


.26 

.91 

.72 


2.26 
3.62 

.52 

6.05 

o.OO 

5.54 
11.36 
10.36 

5.48 


.38 
.87 


2.92 
.79 

2.48 
6.74 


LeveU. 


66.26 


loa 


99.74 

98.83 
101.02 
100.30 
102.87 
109.86 
110.08 
116.40 
123.99 
131.84 
140.13 
148.22 

150.40 
152.17 
153.93 
151.67 
14a06 
150.37 
149.85 
152.45 
146.40 
141.40 

135.86' 

124.60 

114.14 

108.66 
115.69 
124.17 
182.44 
140.10 
142.58 

147.88 
149.44 
150.14 
149.76 
149.98 
149.11 

imm 

164.63 

151.61 
150.R2 
164.17 
161.69 
144.96 


Rekakkb. 


Datam  Use  100  foet  below  tli« 
atone  rill  of  the  south  door  to 
Wandsworth  old  Cbuzeli,  i& 
the  High  Street,  doM  •eaiiitt 
the  middle  of  th«  door-poat  cm 
the  «aft  6lde  of  Oie  door. 
B.  M.  on  Etonc  sOlof  gate. 

Centre  of  High  Stnet. 


on  stone  et 


of 


Korth  Street. 
Janetlon  of  High.  Stteei  ud 
North  SiNet. 


Fork  of  VaitthaU.  and  Clap- 


B.  M.  on  top  of  haasiiis  poet 
of  gate  faito  Bart  BUI  b« 


finm  «be  Vanx 


Ixujiof 
aazhall 


B.  M.  on  top  of  coping  of 
bridec  orcr  S.  W.  liailwv — 
on  tno  M)iith  sidy  of  tewSA 
imrneili.iu-Iv  over  tlie  near  ildo 
dowu  r;iil  (abyut  27.S5  ahOVe 
raU). 

»Koad  leads  off  to  Tootiiif. 


B.  M.  on  the  top  of  fhe  gmid 
stone  to  veatem  gate  ^  at 
entraaoe  (0  a  gentf'  '- 
home,  aonth  of  road. 


B.  M.  on  the  top  of  mile 
(itono  inarkfd  by  the  Ord- 
nance Oflli   r-      Five  Miles 

from  S(,,jiiLm;'1.  i  nrnhiM. 

J  uacUoa  ViUh.  Dorking  lioad. 


Zieveh  hef  tveen  Wandsworth  cmd  the  Elephant  amd  Cot&B, 
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DiBtances 

Jiack 
Sight. 

Sight. 

Blse. 

Fall. 

Reduced 
Levels. 

Hemahks. 

 ! 

6450 

144.95 
2.07 

♦  3.91 

144.95 

1.84 

144.95 
143.11 

B.  M  on   top  ol  stoiu', 

muurked  3  nules  £rom  West- 
miutor  Bride*. 

6500 

»  3.9i 

8.98 

5,07 

138.04 

7000 
7500 
3  miles 

1.80 

.95 
6.09 

9.30 

7.17 
3.22 

2.87 

7.50 
6.22 

130-54 
127.19 

300 

7.37 

*  3.74 

3.63 

130.82 

1000 

*3.74 

8.44 

4.70 

12612 

2000 
3000 

0.63 

1.14 
0.82 

1.14 

12.58 
7.97 

.61 

11-44 
7.L5 

125.C.1 
114.17 
107-02 

Vi.  M.  on  lop  of  ■water  plug, 
opposite  St.  John's  Cii&pcl  and 
the  Elmi. 

lOOO 

4.52 
*  0.68 

*  U.68 
7.81 

3.84 

7.13 

110.86 
103.73 
103.25 

101.48 

B.  M.  on  top  of  miltstonc, 

ni'irl^rd      thraft    itillpa  IWyfi 

5000 
600O 

6.10 
5.13 

6.58 
6.95 

.48 
1.82 

6450 

5.51 

*  1.88 

8.63 

105.06 
101.28 

R.  M.  on  top  of  milestone, 
marked  two  nulcg  from  West- 

7000 

♦1.88 

5.66 

3.78 

minrter  Bridge. 

7400 
4  miles 
1000 

2000 

4..^7 
2.14 
5.00 
6.31 

2.14 
6.85 
6.67 
5.39 

2.43 
.92 

4.71 
1.67 

103.71 
99.00 
97.88 

98.25 

B.  IC.  OB  top  of  mtlestone^ 

mk  wVUBr        JklWtw  9^UW* 

2600 

7.90 

*  5.35 

2.55 

100.80 

Opposite  Um  GrUBn  Inn. 

3000 

*  5.35 
4.16" 

8.77 
*  2.65 

1.61 

3.42 

97,38 
98.89 
95.77 
93.37 
92.97 
92.70 
92.56 
93.95 

B.  M.  w  top  of  lover  Itook  of 
T.  P.  Gate,  next  T«I1  Hoow, 
on  Kennington  Comnum. 

4o<;)0 

*2.65 

5.77 

3.12 

5000 
6000 

7000 
5  miles 

irx  x) 

4-27 
6.10 

5.04 
4.09 
4.21 

667 
5.60 
G.21 
4.23 
2.82 

1.39 

2.40 
'40 
.27 
.14 

B.  M.  on  top  of  Iron  Water 
FonI.  on  North  Side  of  StlWt 

1300 

6.87 

*  3.32 

2.55 

96.50 

Oft 

90.37 
94  46 

97.25 

2000 

*3.32 

6.46 

ii.14 

f;>.Lill;^  tile  IS'i'w  irifton  Boj^fltlJ 

Otiic«  for  Bervsiute. 

3000 

8.67 

66.6 

2.99 

Centre  of  Bomdi  at  tlM  Ele- 
phant and  Gutle. 
6.  M.  on  tlic  top  <^  a  mile- 
Btone  facing  the  shop  Ot  von- 
neUjr,  Stathmer,  &«. 

3600 

7.83 

*  3.24 

109 

045 

257.64 
160.39 

160.39 

177.15 
79.90 

79.90 

97.25 

97.2 

NoTx. — ^It  will  be  observed  that  the  intermediate  Bets  are  cancelled 
and  omitted  in  the  cast  np  of  the  pages. 
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CHAPTER  rX. 

PLOTTING. 

Thb  firat  consideration  in  plottmg  is  the  dunce  of  the  paper  upon 
whidb  to  lay  down  the  aurvey  that  has  been  made.  In  large  sur- 
veys it  is  often  desirable  to  lay  down  the  fundamental  lines  to  a 
very  small  scale  (twenty  or  tldrty  chains  to  an  inch),  from  which 
to  arme  at  a  toleraUy  correct  notion  of  the  si^  oi'the  paper  re- 
quir6d>and  the  most  eligible  position  thereon  for  the  principal  line* 

The  Officers  of  the  Ordnance  Surrey  have  laid  it  down  as  a 
standing  rule  always  to  keep  the  north  of  the  map  towards  the 
top  of  the  paper;  but  I  do  not  regard  thb  as  an  essential  feature, 
especially  in  original  maps.    T  would  at  any  time  sacrifice  it  to  the 
attainment  of  a  more  eligible  position  of  the  map  upon  the  paper. 
I  do  not  mean  to  say  I  would  reverse  the  order  of  thing:s,  and 
place  the  south  towards  the  top,  but  T  certainly  should  not  mind 
so  placing  the  east  or  west.    As  an  instance  of  my  meaning,  the 
survey  of  the  parish  of  Horsell,  hereinbefore  referred  to,  required 
paper  about  ten  feet  long  by  five  wide,  the  length  being  in  the 
direction  of  east  and  west.    To  place  such  a  map  north  upwards 
would  be  to  render  what  might  be  comparatively  a  handy  roll  of 
five  feet  long,  an  unhandy  one  of  ten  feet,  which  few  ordinary 
tables  in  private  houses  would  accommodate.    Having  selected 
the  position  of  the  main  line  on  the  paper,  the  next  thing  is  to  lay 
iL  down.    This  must  be  done  with  a  straight  edge  proportioned  to 
its  lengthy  as  it  is  a  very  dibOObult  tMng  to  produce  a  line  by  means 
of  several  splicings — a  "       straight  edge"  will  be  found  desirable 
for  this  purpose.   As  soon  as  the  line  is  down^  the  distances  &om 
zero  at  every  ten  chains  along  its  course  should  be  marked  off  ac- 
cording to  the  scale  with  which  the  work  is  to  be  plotted ;  this 
should  be  done  with  the  point  of  a  needle,  and  the  figures  denoting 
the  number  of  chains  should  be  very  finely  marked  against  the 
several  dots.   The  number  of  the  line  should  then  be  pku^d  on 
the  end  at  which  the  measurement  of  it  commences,  which  answers 
the  double  purpose  of  being  an  index  to  the  line,  and  the  direction 
in  whidi  it  ran.   All  future  distances  on  the  line  laid  down  will 
be  laid  off  from  the  nearest  dot,  without  reference  to  the  zero  of 
the  line,  so  that  any  inaccuracy  arising  from  expanedon  or  contrac- 
tion of  the  paper  will  be  obviated  as  much  as  possible. 

It  is  generaQy  less  difiBcult  to  lay  down  the  first  line  of  a  survey 
than  it  is  the  second  and  third,  inasmuch  as  the  true  position  of  the 
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latter  as  rides  of  a  triangle  have  to  be  scrupulously  attended  to. 
In  laigesurrejrs  it  is  often  neoessaiy  to  resort  toayarietj  ofmathe- 
matical  contnTances  to  get  them  down  accurately;  sometimes  the 
use  of  a  thread  or  a  slip  of  mounted  drawing  paper  marked  the  re- 
quired length  &om  the  main  line  will  scribe  an  arc  tolerably  near^ 
.but  it  is  always  safer  and  generally  more  correct  to  adopt  Ihe  best 
means  at  onoe^  and  do  it  mathematically.  A  simple  process  is  to 
compute  the  angles  aocorately,  and  then  with  any  conyenient 
length  as  radius,  say  !()()  chains,  find  the  natural  edne  and  cosine 
by  the  Table.  Let  %.  174  represent  this  method.  Suppose  the 
triangle  A  D  G  to  be  a  trigonometrical  projection  required  to  be 
plotted,  whose  sides  are  beyond  the  limits  of  all  drawing  tables — 
straight  edges  aud  scales  at  command.  Layoff  the  cosine  of  angle 
A  from  A  to  B,  and  of  angle  D  fromD  to  C.  Erect  perpendicu- 
lars at  B  and  C  ;  lay  off  the  sine  of  angle  A  from  B  to  F,  and  of  angle 
D  from  Cto  E;  tiy  that  AT  aud  DE  are  exactly  equal  to  the 
radius  of  100  chains,  and  E  and  F  may  then  be  used  as  points 
from  which  to  raise  G  ;  F  G  and  E  G  having  now  become  in  all 
probability  within  manageable  compasa.  The  points  E  andF  may 
be  sometimes  better  fixed  by  scribing  the  radius  and  sine — ^much  de- 
pends upon  the  angle.  If  a  perpendicular  is  erected,  it  must  be  a 
really  accurate  one ;  and  if  the  work  is  very  extenmre^  it  will  be  as 
well  to  calculate  mathematically  the  length  of  E  P.  The  point  G 
obtained,  the  straightness  of  the  lines  A  F  Q  and  D  E  Gr  must  be 
tested  with  the  straight  edge ;  but  if  the  operation  has  been  care- 
fully performed^  there  is  little  probability  but  that  they  will  prove 
correct.  As  every  line  is  plotted,  the  distances  from  zero  should 
be  marked  off  at  each  ten  chains,  as  on  tiie  main  line,  and  the  line 
numbered  as  before  directed.  As  many  of  the  fan^imentil  lines 
as  posffible  should  be  laid  down  at  one  time,  so  that  in  the  event  of 
subsequent  alteration  of  paper,  which  as  almost  certain  to  take 
place,  all  the  work  may  go  together,  and  but  the  minimum  of 
inconvenience  experienced. 

In  laying  down  the  secondary  lines  of  the  survey,  such  as  the 
line  E,  I,  on  the  parish  of  Sunbury  survey,  having  drawn  the  line 
from  point  to  point  with  the  straighj;  edge,  previous  to  marking  off 
the  furlongs,  try  the  length  on  the  paper,  and  compare  it  with  the 
book,  for  with  the  most  careful  chaining  there  is  at  all  times  a  lia- 
bility to  disagreement,  owing  to  the  unevenness  of  the  ground  over, 
and  the  hedges  and  other  places  through,  which  the  chain  has  to 
pass.  This  disagreement,  for  it  is  not  error,  should  in  no  case  ex- 
ceed about  a  link  in  ten  chains  on  an  average  of  the  whole  length 
of  the  line,  and  should  be  equally  spread  in  plotting  throughout 
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the  wbole  length — ^that  is^  a  line  entered  in  the  Held  Book  a 
20005  may  measure  on  the  paper  20025,  and  yet  be  pracdcally 
correct;  but  it  wonld  be  manifestly  inaccurate  to  point  off  200 
chains  25  links  from  the  end  of  the  1^  In  Buoh  a  case,  10  chains 
must  be  plotted  as  1001 ;  2000  as  2002 ;  3000  as  3003,  &c  When 
all  the  lines  are  down  (and  if  expedient  drawn  in  very  finely  with, 
carmine  or  lake)  the  o£&et8  can  be  plotted.  Until  tolerable  1 
has  been  acquiied  by  considerable  practice^  every  point  should  be 
carefully  pricked  off  with  a  needle  upon  the  chain  line,  and  the 
of&et  therefrom  aocitrately  marked  off;  but  after  a  time  it  will  be 
sufficient  to  expedite  the  business  by  any  contriyance  that  may 
suggest  itself,  and  in  the  absence  of  a  better,  let  us  suppose  the 
following: — ^Lay  the  edge  of  the  plotting  scale  A  B  (fig.  175)  pa- 
rallel with  the  line  C  D,  upon  which  the  offsets  arc  to  be  plotted, 
at  such  a  distance  that  the  zero  division  of  the  olFsct  scale  E  may 
coinfide  with  the  line  as  it  passes  calong  it,  and  also  that  zero  on 
scale  A  B  may  he  exactly  opposite  the  zero  end  of  the  liac  ;  then, 
by  sliding  the  ofi^et  scale  along  the  lineniiy  olf'set  not  exceeding  a 
chain  in  length  (which,  as  has  been  aire  idy  said  in  another  place, 
should  be  the  maximum  limit  of  the  offset,  ami  should  also  be  the 
maximum  space  between  the  chain  line  and  scale)  may  be  ac- 
curately plotted  on  either  side  of  the  line. 

To  Flat  ihe  Nates  of  a  Tnwme  Survey  by  the  Table  of  Natural 

Sines  and  Oosmes, 

The  only  difference  between  plotting  the  notes  of  a  traverse  and 
any  other  survey  consists  in  laying  down  the  lines.  In  the  case  of 
our  previous  example  (fig.  170)  we  will  assume  that  the  trigono- 
metrical points  ABC  are  already  plotted.  With  the  aid  of  the 
Table  of  Natural  Smes  and  CosineB,  lay  off  the  angle  between  A  6 
and  the  magnetic  meridian  in  the  following  manner : — 

A  and  B  (fig.  176)  are  the  two  stations  of  the  survey,  whose 
bearing  is  tdcen. 

Take  1,  10^  or  100  in  the  compasses,  according  to  the  extent  of 
the  lines,  and  scribe  the  arc  £  produce  A  B,  so  that  A  D 
shall  be  equal  to  the  cosine,  and  D  F  the  sine  of  the  given  angle : 
join  A  F,  and  it  will  he  the  required  meridian. 

In  like  manner,  line  1  is  laid  down  by  means  of  the  angle  con- 
tained between  it  and  the  magnetic  meridian,  its  length  is  then 
marked  off  from  A,  and  a  line  drawn  through  the  end  of  it  parallel 
to  the  meridian  from  which  line  2  is  marked  off ;  and  so  on  through- 
out  the  series. 
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The  gieat  objection  to  tzaverse  snrveTing,  as  a  means  of  fSxng 
is  the  opportunity  afforded  for  error  in  every  line.  It  is  ob- 
TiouS)  that  a  link  too  much  or  too  little  in  laying  down  each  line 
will  prevent  the  work  fi^m  closing  at  the  end ;  henoej  the  great 
advantage  of  a  system  of  right  lines,  which  renders  every  one  inde- 
pendent of  anoih^. 

As  the  method  of  laying  down  the  lines  of  a  traverse  by  means 
of  their  ones  and  ooBines  may  be  conndered  tronblesome  in  a  sur- 
vey of  magnitude,  a  protractor,  or  drcular  instrument  of  brass, 
may  be  empbyed  to  fiicilitate  the  laying  off  the  angles. 

THE  CIACdLAA  FBOT&ACXOB. 

Our  engraving  represents  one  of  the  best  kind  of  protractors. 


It  is  a  complete  drde,  A  A,  connected  with  its  centre  by  four 
radii,  aaaa»  The  centre  is  left  open,  and  surrounded  by  a 
concentric  ring  or  collar,  whidi  carries  two  radial  bars,  t  c. 
To  .the  extremity  of  one  bar  is  a  pinion,  d,  working  in  a  toothed 
rack  quite  round  the  outer  circumference  of  the  protractor :  to 
the  opposite  extremity  of  the  other  bar,  c,  is  fixed  a  vernier, 
which  subdivides  the  primary  divinons  on  the  protractor  to  smgle 
minutes,  and  by  estimation  to  30  seconds.  This  vernier,  as  may 
readily  be  understood  from  the  engraving,  is  carried  round  the 
protradbor  by  turning  the  pinion  d.  Upon  each  radial  bar,  e  c, 
is  placed  a  branch  e  e,  carrying  at  tlieir  extremities  a  fine  steel 
pricker,  whose  points  are  kept  above  the  surftice  of  the  paper 
by  springs  placed  under  their  supports,  which  give  way  when 
the  branches  are  pressed  downwards,  and  allow  the  points  to  make 
the  necessary  punctures  in  the  paper.  The  branches  e  c  are  at- 
tached to  the  bars  c  c.  with  a  joint  which  admits  of  their  being 
folded  backwards  over  the  instrument  when  not  in  use,  atid  for 
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packincr  in  its  case.  The  centre  of  tlie  instrument  18  represented 
hj  tlie  intersection  of  two  lines  drawn  at  right  angles  to  each 
other  on  a  piece  of  plate  glass,  which  enables  the  person  using  it 
to  place  it,  so  l^t  the  centre,  or  interseotioD  of  Uie  cross  lines, 
maj  coincide  with  any  given  point  on  the  plan.  If  the  instrument 
is  in  correct  order,  a  line  connecting  the  fine  prioking  points  with 
each  other  wonld  pass  through  the  centre  of  the  insfartiment,  as 
denoted  by*  the  before-mentioned  intersection  of  the  cross  lines 
upon  the  glass,  which,  it  may  be  observed,  are  drawn  so  nearly 
level  with  the  under  surface  of  the  instrument,  as  to  do  awaj  with 
any  serious  amount  of  parallax,  when  setting  the  instrument  over 
a  point  from  which  any  angular  lines  are  intended  to  be  drawn. 
In  using  this  instrument,  the  vernier  should  first  be  set  to  zero  (or 
the  division  marked  360)  on  the  divided  limb,  and  then  placed  (m 
the  paper,  so  that  the  two  fine  steel  points  may  be  on  the  given 
line  (from  whence  other  and  ax^olor  lines  are  to  be  drawn),  and 
the  centre  of  the  instrument  coincides  with  the  given  angular  point 
on  such  line.  This  done,  press  the  protractor  gently  down,  which 
will  fix  it  in  poedtion  hj  means  of  very  fine  points  on  the  under 
side.  It  is  now  ready  to  lay  off  the  given  angle,  or  any  number  of 
angles  that  may  be  required,  which  is  done  by  turning  the  pinion 
d  till  the  opposite  vernier  reads  the  required  angle.  Then  press 
downwards  the  hranches  e  e,  which  will  cause  the  points  to  make 
punctures  in  the  paper  at  op]ioRlte  sides  of  the  circle ;  which  being 
afterwards  connected,  the  line  will  pass  through  the  given  angular 
point,  if  the  instnuneut  was  first  correctly  set.  Tu  this  manner,  at 
one  setting  of  the  inBtriunent,  a  great  number  oi'  angles  may  be 
laid  off  from  the  same  point. 

It  is  not  essential  that  the  centre  be  over  the  given  point  wiien 
applied  to  the  given  line,  provided  tbc  pricking  points  exactly  fall 
upon  the  line,  for  an  imaginary  Hik;  cuunecting  the  pricking 
points  in  this  instrument,  correspuud  with  the  diameter.  Some- 
times, instead  of  a  rack  and  pinion  motion,  a  third  radial  arm 
is  attached  to  the  centre  at  right  angles  to  the  other  two,  upon 
which  is  fixed  a  ciamp  and  tangent  screw,  by  which  the  vernier 
is  not  only  fixed  in  position  upon  the  circular  limb  of  the  instru- 
ment, but  by  the  tangent,  or  slow  motion  screw,  it  may  be  set  to 
the  required  angle  with  the  utmost  precimon. 

THE  T  SQUARE  AND  SEMI-CIRCULAa  PEOIEACTOR. 

A  convenient  method  by  which  a  traverse  can  be  most  expe- 
ditiously as  well  as  accnrately  plotted,  by  the  ud  of  a  T  square 
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and  semi-circular  protractor,  is  thus  deacnbed  by  Mr.  Hewlett, 
chief  drauglitsman,  Royal  Ordnance  Office,  in  vol.  i.  of  Papers  on 
Subjects  connected  with  the  Duties  oi  the  Boyal  Engineers : — 

**As,  wlion  away  from  home,  it  seldom  happens  thnf  rhc  FJiTxrvrir  rau  obtain  a 
good  drawing  board,  or  eveu  a  table  with  a  good  straight  edge,  1  tix  a  flat  ruler, 
A,  to  the  table  BBB,  by  means  of  a  pair  ot  clamps,  0  D,  and  against  this  ruler 
I  work  the  pattern  square  £,  one  side  of  whieh  has  tike  stock  flash  with  the  blade ; 
or,  if  a  stfaight-«dged  board  be  at  band,  then  the  square  may  be  tamed  over,  and 
used  a^inst  that  edge  instead  of  the  ruler  A.  Here,  then,  is  the  most  perfect 
kind  of  parallel  ruler  that  art  can  produce,  capable  of  carrying  the  protractor 
over  the  whole  of  a  sheet  of  plotting  paper  of  any  size,  and  may  be  used  upon  a 
table  of  any  fbrau  It  isconvenient  to  sappose  then(ndi  on  the  lefthand,  and  the 
upper  edge  of  the  Made  to  represent  the  meridian  of  the  station. 

"  This  protractor  is  bdd  in  the  hand  while  the  vender  is  set,  whioh  is  an 
immense  comfort  to  the  sight ;  and  it  will  be  seen  that,  as  both  sides  of  the 
ann  are  parallel  with  the  zero  and  centre,  the  angle  may  be  drawn  on  the 
paper  against  either  aide^  as  the  light  or  other  cironmstances  may  render 
desirable." 

From  this  description  aud  a  mere  glance  at  the  engraving,  it  is 
dear  that  angles  taken  with  the  theodolite  can  be  transferred  to  the 
plot  as  accurately  as  the  protractor  can  he  -ot,  namely,  to  a  single 
minute,  and  that,  too,  in  a  rapid  and  pleasuut  manner. 

My  own  experience  in  plotting  traverses  as  the  '^filling in por- 
tions of  a  survey  is  not  fayourable  to  the  use  of  a  metallic  pro- 
tractor, I  prefer  making  s  protractor  in  the  following  manner : — 
With  a  radius  of  10  inches  describe  a  circle,  and  without  alteiing 
the  compasses  step  round  the  circle  pointing  each  step;  this  wiE 
divide  it  into  aiz  parts,  each  being  &f.   Now  the  chord  of  an  arc 
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being  equal  to  twice  the  one  of  half  that  arc»  if  from  the  Table  ef 
Natural  Sines  we  take  the  sine  of  5^  and  multipfy  it  by  2,  we  get 
the  diord  of  which  being  laid  off,  subifiyides  eabh  60^  into 
six  parts  of  10^  each.  In  like  manner  we  continue  to  subdivide 
the  oircley  until  we  have  done  so  as  minutely  as  required.  Pivi- 
sions,  each  containing  five  minates,  will  be  fouud  quite  small 
enough  in  practice,  as  lesser  quantities  are  readily  estimated  by 
the  eye.  The  degrees  should  then  be  numbered,  as  in  a  theodo- 
lite, and  the  protractor  is  fit  for  use. 

The  traverses  of  the  Ghiemsey  survey  are  plotted  with  a  pro- 
tract/>r  of  this  kind,  in  the  following  manner: — -Two  trigonome- 
trical stations  that  can  be  connected  by  a  series  of  traverse  lines 
are  selected.  A  sheet  of  tracing  paper  is  laid  over  the  protractor, 
upon  which  the  position  of  one  of  the  points  is  marked.  A  straight 
edge  is  then  laid  across  the  protractor  t  o  correspond  witii  the  bear- 
ing of  Hug  1,  and  by  means  of  two  wooden  set  sqnarei?  or  triangles 
a  parallel  Hue  is  transferred  to  the  point  from  which  line  1  starts, 
where  the  line  is  drawn  to  its  proper  length,  and  the  station 
marked  for  the  commencement  of  line  2.  The  straight  edge  is 
then  laid  across  the  paper  to  correspond  with  the  bearing  of  line  2, 
which  is  now  marked  oft  m  lia  proper  position  parallel  to  the  bearing. 
In  like  manner  all  the  lines  are  plotted  until  they  close  upon  ano- 
ther trigonometrical  station.  When  the  tracing  paper  is  taken  up, 
the  two  trigonometrioal  stations  thereon  are  laid  over  the  corre- 
sponding stations  on  the  map,  and  the  lines  are  transferred  from 
liie  tradng  thereto. 

On  working  mape,  it  is  customary  to  distinguish  the  dweDing- 
houses  from  other  buildings^  by  tiAting  the  former  with  cannine 
or  lake,  and  the  latter  with  neutral  tint.  The  rivers  and  waters 
are  also  tinted  blue,  and  the  roads  a  light  brown ;  any  thing  beyond 
this  in  the  way  of  colouring  amounts  to  a  decoration  which  is  not 
required.  If  the  map  is  one  of  an  estate  or  property,  the  names  of 
the  owners  dc  the  adjoining  lands  should  be  written  in  then:  re- 
spective positions ;  but  if  it  is  a  parish  map,  the  names  of  the  ad- 
joining parishes  are  substituted,  as  in  plate  5.  The  names  of  all 
gentlemen's  seats,  farms,  hamlets,  and  remarkable  places,  should  be 
subscribed,  and  the  whole  should  be  invested  with  as  much  local 
interest  as  possible. 

Every  field  or  parcel  of  property  should  be  distinguished  by  a 
separate  reference  number,  by  "whieh  it  may  be  referred  to  from  a 
book  eontaining  all  particulars  relating  thereto,  as  well  as  the. 
quantity  of  each  field  in  statute  mensure. 

The  following  are  two  specimens  ot  reference  books. 
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COMPUTATION  OF  ABEAS. 


PliOTTINO  8BCTT0NS. 

Plotting  the  notes  from  a  level  book  is  a  very  simple  |)ru('es3. 
First  draw  the  datum  Hue  an  indefinite  length  near  the  bottom  of 
the  paper,  then  mark  off  all  the  distances  along  the  line  at  which 
a  level  has  been  taken :  at  each  one  of  which  erect  a  perpendicular 
line  in  pencil;  mark  oli  tlu;  vertical  height  above  datum  upon  each 
of  these  perpendicular  hnes ;  connect  the  points  after  the  manner 
of  plotting  a  fence  by  ofisets  from  a  chain  line,  and  the  section  is 
complete.  It  is  not  osaal  to  use  the  same  scale  yertically  ajid  hori- 
zontallj  I  the  former  requiring  to  be  much  larger  than  the  latter. 
Pkte  11  represents  a  '*  Working  Section"  of  a  Bailway. 


CHAPTER  X. 

COMPUTATION^  OF  AREAS. 

Thb  method  of  computing  the  areas  of  fields  by  arithmetical 
calculation^  has  been  of  late  yean  superseded  by  the  introduction 
of  two  veiy  ingenious  little  instruments  called  respectively  the 
^  Pediometer,"  and  the  "  Compntmg  Scale."*  These  instruments 
obviate  calculation,  economise  time,  and  diTniwUh  the  liability  to 
error.  I  win  describe  ihem  both ;  but  the  Compntmg  Scale  is 
the  one  used  by  civil  surveyors. 

IhseripHm  of  PeeUometw, 

The  instrument  consists  of  a  square,  and  a  graduated  scale,  con- 
structed for  three  chains  to  the  inch. 

— The  milled  head^  hj  turning  which,  motion  is  given  to  the 
brass  slider  B,  and  the  two  pointers  K  and  W. 

I — The  index  to  be  placed  in  coincidence  with  the  division 
upon  the  scale. 

When  the  brass  slider  B  is  in  contact  wiih  A,  I  coinciding  with 
k  division,  and  B  and  W  pointing  to  O  upon  their  respective 
scales,  the  instrument  is  in  adjustment. 

When  deranged,  restore  it,  by  opening  R  and  W  to  the  proper 
distance,  and  then  moving  A  and  I,  the  former  into  contact  with 
B,  and  the  latter  into  coincidence  with  . 

Required  the  content  of  the  trapezium  E  C  F  D. 

1st. — ^Place  the  edge  A  upon  the  point  E,  and  open  B  to  the 
pmnt  P. 

«  Byaome  the  *'  TUhe  Conipuuiig  Scale,"  simply  becaoBe  it  was  first  introduced 
<br  the  •*  Fint  OlaM  Haps  at  the  Tithe  Office." 
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2iid. — ^Press  the  square  firmly  down  with  the  right  hand^  and 
with  the  left  place  the  scale  against  the  edge  of  it,  as  shewn  in 
the  figure. 

3rd. — ^Now  press  tiie  scale  firmly,  and  slide  the  square  up,  until 
the  edge  A  £  is  upon  the  pmnt  C. 

1  til. — Press  the  square  firmly,  and  slide  the  scale  against  its  edge 

until  ^  coincides  with  L 

Finally.^ — ^Press  the  scale  and  slide  the  square  dmm  until  the 
edge  A  B  is  upon  the  point  D,  and  taking  ont  tlie  numbers  to 
which  W  and  R  point,  subtract  the  latter  from  the  former,  and 
the  contents  in  acres  and  decimal  parts  of  an  acre  will  at  once 
be  giyen. 

The  red  pointer  directs  to  the  numbers  that  are  to  be  taken 
from  the  red  scale,  and  the  white  one  to  those  upon  the  white 
scale. 

When  the  pointers  fall  exactly  upon  the  line  enfrr:i\  (  d  on  the 
ivory  edge  of  the  scale,  the  folding  leaf  is  to  be  duubkd  down  to 
the  left  hand ;  but  when  the  pointers  fall  between  any  two  of  the 
fines  on  the  ivory  edge,  the  folding  leaf  must  then  be  doubled  over 
to  the  right  hand  before  the  numbers  are  read  off. 

For  instance,  when  the  leaf  is  tiurned  to  the  left  and  the  red 
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pointer  iUlB  between  the  two  lines  whicli  ]  ef  jr  to  -008  and  -013, 
tarn  the  folding  leaf  to  the  right  hand^  aud  the  pointer  will 
read  0*10. 

It  will  be  found  meet  oonyenient  and  most  accurate  in  practice 
to  take  the  shortest  diagonal  £>r  the  line  £  F. 

THB  GOMf  Cima  SGALB. 

This  instrument  answers  the  same  purpose  of  giving  mechani- 
cally the  contents  of  endosnres  as  the  Pediometer,  but  is  more 
ample  in  its  oonstmotion  and  principle  of  operation. 

It  consists  of  a  scale  divided  for  its  whole  length  from  the  zero 
point  into  divifiions,  each  representing  2^  chains,  and  is  used  with 
a  sheet  of  transparent  tracing  paper,  ruled  with  parallel  lines  at 
equidistant  intenrals  of  one  chain. 


0  1 

i  1 

•TP,  : 
>      .     1.  1 

,  r  r  r  r  r   r  r  h  r  r 

1.     L    1.     L    1^      L     1.     L     L  !. 

The  slider      which  moves  along  the  scale^  has  a  wire  drawn 

across  its  centre  at  right  angles  to  its  line  of  motion ;  and  on  each 
side  of  this  wire  a  distance  equal  to  one  of  the  primary  divisions  of 
21  chains  is  laid  off,  and  divided  into  40  parts.  It  is  evident,  theu, 
that  during  the  passage  of  the  slider  over  one  of  the  diyi^ion-'  of 
2^  ohairi«,  one  rood  has  heen  measured  between  two  of  the  parallel 
liutiri  on  the  tracing  paper ;  and  that  one  of  the  smaller  divisions 
would  measure  between  the  same  parallels  one  perch.  Four  of  the 
larger  divisions  giving  me  acre  ;  and  the  scale  itself  generally  made 
long  enough  to  measnre  at  once  five  acres,  is  thus  used  :  Lay  the 
transparent  paper  over  the  enclosure  the  content  of  which  is  re- 
quired^  in  such  a  pootion  that  two  of  the  ruled  lines  shall  touch 
two  of  the  exterior  points  of  the  boundaries^  as  at  a  and  h. 

Lay  the  scale^  with  the  slider  set  to  zero>  over  the  tracing  paper, 
in  a  dbrection  parallel  to  the  lines^  and  so  placed  that  the  portions 
e  and  d  are  estimated  by  the  eye  as  equal  to  eadi  other.  Holding 
tiie  scale  steady,  move  on  the  sliding  frame  until  the  equality  of 
the  portions  e  and  /ace  also  estimated.  With  the  slider  kept  at 
this  mark,  move  the  scale  bodily  down  the  space  of  one  of  the  ruled 
lines  (one  chain),  and  oommenmng  again  at  the  left  hand,  estimate 
the  <  jual  areas  of  g  and  h,  slidingthe  frame  on  to  A  and  I,  When 
the  whole  length  of  the  scale,  denoting  5  a<^esj  is  run  out,  com- 
mence at  the  light-hand  nde,  and  work  backwards  to  the  left, 
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reading  the  lower  diTisions,  bj  which  the  instrument  is  made  to 
measure  up  to  10  acres.   By  a  continuation  of  this  process^  the 


contents  of  any  sized  endosnres  can  be  obtained  without  calcula- 
tion^  and  with  a  degree  of  aocuracj  proportionate  to  the  amount  of 
skill  and  care  exercised  on  the  equalization  of  the  boundariee. 
Where  the  wire  of  the  slider  coincides  with  any  portion  of  the 
boundary  between  two  of  the  parallela  no  equaHzaiian  is  of  course 
necessary. 


Esplanatton  of  the  fiBtnoin^  Tables, 

The  use  of  the  following  Tables  will  be  obvious  at  first  sight. 
If  the  area  of  a  plan  plotted  to  a  scale  of  two  chains  to  an  inch  be 
computed  with  a  three-chain  computing  scale,  seek  the  result  or  the 
the  next  smaller  number  thereto,  in  the  column  headed  Three 
Chains,**  and  immediately  adjoining,  yiz.,  in  that  headed  Two 
Chains,"  is  the  correct  acreage.  If  the  result  by  the  three-diain 
scale  is  more  than  9  acres,  it  must  be  taken  at  twice,  that  being 
the  limit  of  the  Tables. 

The  Tables  haye  been  so  constructed  as  to  exhibit  the  nearest 
relatiTe  equivalent  to  the  results  gLren ;  for  instance,  7  •  1 .  10  on 
a  thiee-chain  scale  is  exactly  equal  to  3  •  1 .  0  on  a  two;  butthen 
7  •  1 , 9  is  also  nearer  thereto  than  to  3  •  0  •  39 ;  and  hence  7*1.9 
is  placed  as  the  equivalent.  Again,  9.0.0  (three-chain  scale)  is 
exactly  equivalent  to  1 .  0 .  0  (one-cliain  scale);  but  as  8  .  3  .  36 
is  also  nearer  thereto  than  to  0 .  3  .  39,  that  is  stated  as  the  three* 
chain  equivalent, 

X 
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S-Chahk  S-COuin 
Scate.  Scale. 


Scale. 


2-Cluuii 
Scale. 


A.  B.  P.    A.    B.  P- 

0  0  a=o  0  1 

0  0   4=0   0  2 

|0  0  6=0  0  d 

lo  0  8=0  0  4 

0  0  11=0   0  5 

0  0  IdcsO  0  6 

0  0 1*=0  0  7 

0  0  17=0  0  8 

0  0  20=0   0  Q 

0  0  22=0  0  10 
0  0  24=0  0  11 
0  0  20=0  0  12 

0  0  29=0   0  13 

0  0  31=0    0  14 

0  0  33=0    0  15 

1  0  0  35=0   0  16 

0  0  38=0   0  17 

0  1    O-O    0  18 

10  1    2=0    0  19 

0  1   4=0  0  20 

0  1    7^0    0  21 

1 0  1    9=0    0  22 

0  1  11=0  0  23 

1 0  1  ia=0  0  24 

0  1  16=0  0  25 

0  1  18=0  0  26 

0  1  20^0   0  27 

0  1  22=0  0  28 

0  1  2d=0  0  20 

0  1  27=0   0  30 

,  0  1  20=0  0  31 

0  1  81=0  0  82 


0  1  34=0 

0  1  36=0 

0  1  88=0 

0  2  0=0 


0  33 
0  34 
0  86 
0  86 


1 0  2  a=0  0  87 

|0  2  6=0  0  88 

0  2  7=0  0  89 

0  2  0=0  1  0 


9-Ckudsi  2-Ch.ain 
Scale.  Scale. 


A. 

B.  p.  A« 

B. 

P. 

A.    B.   !■.  A. 

B. 

r. 
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2 
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1    0  24=0 

2 

2 
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1 

8 
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2 

3 

0 
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1 

4 

1  0  28=0 

2 

4 

0 

2  21=0 

1 

6 

1    0  31=0 

2 

5 

0 

2  23=0 

1 

6 

1   0  83=0 

2 

6 

0 

225=0 

1 

7 

1   0  85=0 

2 

7 

0 

2  27=0 

1 

8 

1   0  87=0 

2 

8 

0  2  30=0  1  9 

0  2  82=^  1  10 

0   2  34—0  1  11 

0  2  36c=0  1  12 

0  2  89=0  1  18 

0    3   1=0  1  14 

0   3  3=0  1  15 

0  3  5=0  1  16 

0    3   8^  1  17 

0    3  10=0  I  18 

0    3  12=0  1  19 

0  8  14=dO  1  20 

0    3  17=0  1  21 

0   3  19=0  1  22 

0    3  21^  0  1  23 

0  8  23=0  1  24 

0   3  26=0  1  25 

0  8  28=0  1  20 

0  8  80^  1  27 

0  8  82=0  1  26 

0  8  85=0  1  29 

0   3  37—0  1  30 

0  3  89=0  1  31 

1  0  1=0  1  32 

1    0  4=0  1  33 

1   0  6=0  1  84 

1  0  8t=0  185 

1  0  10=0  1  86 

1  0  13=0  1  37 

1  0  1^=0  1  88 

1    0  17=0  1  39 

1  0  19=0  2  0 


3-Cliain 
Scale. 


2-Cham 
Scale. 


1  0=0  2  9 

1  2=0  2  10 

1  4=0  2  11 

1  6=0  2  12 

1    gb=0  2  18 

1  11-0  2  14 

1  13=0  2  16 

1  15=0  2  16 

1  18=0  2  17 

1  20t=0  2  18 

1  22=0  2  19\ 

1  24=0  2  20 

1  27=0  2  21 

1  29t=0  2  22 

1  31=0  2  28 

1  88=0  2  24 

1  36=0   2  25 

1  38=0   2  26 

2  0=0  2  27 
2    2=0   2  28 

2    5=0  2  29 

2    7=0  2  30 

2    9=0  2  81 

2  11=0  2  82 

2  14=0  2  38 

2  16=0  2  34 

2  18=0  2  85 

2  20=0  2  86 

2  28^  2  87 

225=0  288 

2  27=0  2  39 

2  28=0  8  0 


A.    B.  P.     A.    ft.  P. 

1  2  32=0    3  1 

1  2  34=0    3  2 

1  2  36=0   3  3 

1  288=0  8  4 

1  3  1=0  3  5 

1  3  3=0  3  6 

1  8  5=0  8  7 

1  8  7=0  8  8 

1  8  10b=^  8  0 

1  8  12=0  8  10 

1  3  14=0  3  11 

1  8  16=0  8  12 

1  8  19=0  8  18 

1  3  21=0  3  14 

1  3  23=0  8  15 

1  8  26=0  8  16 

1  3  28=0  3  17 

1  8  80=0  8  18 

1  8  82=^  8  19 

1  8  84=0  8  20 

1  3  37=0  3  21 

1  3  39=0  3  22 

2  0  1=0  3  23 
2  0   8=0  8  24 

2  0   6=0  8  25 

2  0    8=0  3  26 

2  0  10=0  3  27 

2  0  12=0  3  28 

2  0  15=0  3  29 

2  0  17=0  3  30 

2  0  19=0  3  31 

2  0  21=0  8  82 

2  0  24=-0  3  33 

2  0  26=0  3  34 

2  0  28=0  8  86 

2  0  80b0  8  86 

3  0  88=0  8  87 
2  086=0  888 

2  0  37=0   3  39 

2  0  39=1  0 
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3.Chaia 
Scale. 


2-Cbaia 
Scale. 


3-Chaia  2'Chain  |  S'CbaiB 
Scale.  •    Scale.  II  Scale. 
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A.  B.  p.     A.  B.  p. 
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5  0  18=2  1  4 
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5  0  -23^  1  6 
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A.  R.  A.  B.  P. 

5  2  2^=3  2  1 

6  3  24=2  2  3 
5  3  36^=^  3  3 

5  3  28=3  3  4 

6  3  81=3  2  6 
5  2  38=^  3  6 
5  2  36=2  2  7 

5  3  87=2  2  8 

6  3  0=2  2  9 
5  3  2=^2  2  10 

5  8  4=:2  2  11 

6  8  6=3  2  13 

5  3  9=2  2  13 

5  8  11=S  3  14 

5  3  13==3  3  15 

5  3  lde=2  2  16 

5  3  18=s3  2  17 

5  8  20^  2  18 

5  8  23=2  2  19 

5  8  24=£  2  20 

5  3  27=2  2  21 
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2  38 

6 

8  86=3 

8  88 

1  39 

6 
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2  39 

6 
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3  39 
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3  0 
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CHAPTER  XI. 

COPYING  MAPS. 

Vabious  methods,  according  to  oiiowiistaiices,  are  resorted  to  for 
mnltiplymg  Copies  of  Maps ;  two  011I7,  which  are  the  meet  usual, 
will  he  mentioned  here.  To  copy  a  map  by  '^prieMng  it  0^*'  lay 
the  original  OTer  the  paper  intended  for  the  copy,  and  with  a  very 
fine  needle  prick  through  every  point  at  which  a  change  takes 
place  in  the  relative  position  of  the  lines  of  the  plan ;  connect  all 
these  points  by  lines  similar  to  those  of  the  original,  and  a  fair  du- 
plicate plan  will  be  obtained.  Plans  copied  in  tliis  manner  gene- 
rally answer  to  vscalc  better,  that  is,  are  more  tu  irly  accumte  in 
general  featur-  s  than  any  other  duplicate  maps  ;  hut  the  details  are 
apt  to  get  distorted  in  minute  peculiarities,  notwithstanding  the 
greatest  amount  of  care  and  attention.  One  very  great  disadvantage 
also  is,  the  impossibility  of  placing  the  original  ao^in  over  the  copy 
in  the  same  position  after  it  has  been  once  removed,  so  as  to  enable 
any  omiasion  to  be  supplied. 

In  pricking  off  maps  there  are  a  few  things  to  be  attended  to,  to 
secure  suooess.  The  needle  should  always  be  held  perfectly  erects 
so  that  the  impressaou  may  be  directly  under  the  point  on  the  ori- 
gmal*  In  narrow  parallel  lines,  such  as  a  river,  brook,  or  road,  a 
dot  should  not  be  pricked  on  one  side  without  pricking  one  imme- 
diately opposite  it  in  the  line  forming  the  other  side,  by  which 
means  confusion  of  the  dots  in  drawing  the  lines  of  the  copy  is 
avoided.  All  straight  lines  should  have  a  dot  in  the  centre,  as  well 
as  at  either  end,  both  as  an  additional  precaution  to  ensure  accu- 
racy, and  also  to  aflford  a  means  of  identifying  the  dots  witii  the 
lines.  Many  other  things  will  suggest  themselves  with  practice 
that  would  occupy  more  space  than  can  be  appropriated  here. 

To  Copy  a  Map  by  means  of  "  Transferring  Paper.''— Get  a 
sheet  of  tldn  paper,  and  mh  over  it  s<nne  powdered  black  lead — 
the  palm  of  the  hand  is  the  best  thing  to  rub  this  black  lead  on 
with ;  and  when  it  has  been  well  rubbed  in,  a  ron^  cloth  should 
be  passed  over  it  to  get  off  as  much  of  the  superfluous  lead  as  pos- 
sible, so  that  it  may  not  wipe  off  upon  the  raap.  Place  the  black 
aide  towards  the  paper  that  i«  to  receive  the  copy  of  the  plan,  and 
put  the  original  upon  the  whole ;  then  with  a  blunt  steel  point  or 
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tracer  go  over  all  the  lines  of  the  original,  aud  the  pressure  of  the 
tracer  will  cause  the  blaek  lead  to  come  off  upon  the  under  [)aper, 
and  thus  delineate  a  facsimile  of  the  original.  We  may  as  well 
consider  at  once,  that  a  tracing  will  first  have  to  be  taken  from 
the  original,  as  the  paper  upon  which  plans  are  plotted  is  in 
the  generality  of  cases  in  practice,  much  too  thick  to  admit 
of  a  transfer  being  made  direct  from  it  with  any  accuracy,  or 
at  all  events  without  spoiling  the  original,  which  is  at  all  times  a 
thing  worth  any  trouble  in  the  avoiding. 

Plans  may  also  be  copied  by  the  Pentagraph,  an  instrument 
which  next  claims  our  attention* 

THE  PENTAGRAPH. 

This  b  an  instminent  but  very  imperfectly  anderstood,  even  by 
those  who  are  most  freq^uently  usmg  it.  It  requires  to  be  very  ao- 
curately  constructed  and  skilly  handled,  and  then  very  beautiful 
work  will  be  the  result.  Its  duef  use  is  to  reduce  or  enlarge  plans, 
but  it  will  also  copy  the  same  size.  In  describing  the  use  of  the 
Penta^raph,  we  may  as  well  confine  our  attention  to  the  reduction 
of  maps,  as  work  cannot  be  enlarged  with  any  degree  of  satisfiio- 
tion ;  small  imappre<»able  errors  are  magnified  into  important  ones, 
and  the  whole  features  become  distorted.  With  reduction  on  the 
contrary,  errors  of  all  kinds  are  reduced  in  magnitude,  and  many 
entirely  disappear. 

This  instrument  is  represented  in  the  annexed  engraving,  where 
it  is  shewn  as  in  the  act  of  copying  apian  H,  upon  a  reduced  scale 
A.  The  Pentagraph  consists  of  four  rulers,  A,  B,  0,  and  D,  made 
of  stout  brass.  The  two  longer  rulers,  A  and  B,  are  connected 
together  by,  and  have  a  motion  round  a  centre,  shewn  at  the  upper 
part  of  the  engraving.  The  two  shorter  riilcrs  arc,  in  like  manner, 
connected  with  each  other,  and  with  the  longer  rulers,  as  may  be 
clearly  understood  from  an  inspection  of  the  engraving.  The  whole 
instrument  is  supported  by  small  pillars  resting  upon  ivory  rollers, 
a  a  a,  &c.,  which  have  a  motion  in  all  directions  exactly  like  the 
brass  castors  fixed  to  ordinary  tables.  The  rulers  A  aud  C  have 
each  an  equal  number  of  similar  divisions,  marked  \,  &c. ;  and 
likewise  a  sliding  index,  E  and  F,  which  can  be  fixed  tu  any  divi- 
sions on  the  ruler  by  a  milled-headed  clamp  screw  shewn  in  the 
engraving.  The  sliding  indeces,  E  and  P,  have  each  of  them  a 
tube  adapted  to  slide  on  a  pin,  rising  firom  a  h^vy  circular  weight 
called  the  fulcrum,  which  acts  as  a  centre  for  the  whole  instrument 
to  turn  upon  when  in  use,  or  to  receive  a  sliding  holder  with  a 
pendl,  or  a  tracing  point,  as  may  be  required. 
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Our  fig.  represents  the  instrument.  The  principle  will  at  once 
become  apparent.  The  bars  B  and  C  must  always  remain  parallel 
to  eaoh  other  under  every  position  of  the  instrument^  as  well  as  A 
and  D.  E  F  G  are  all  in  one  straight  line.  Hence^  two  similar 
triangles  are  formed^  whose  tides  are  to  each  other  as  E  F  is  to 
E  G.  By  securing  the  pdnt  £  in  one  spot^  and  by  moving  a  tracer 
at  G  over  the  lin^  of  the  original,  a  pencil  at  ¥,  left  to  follow  the 
course  of  the  instrument,  will  describe  an  exactly  similar  line, 
bearing  the  8»ne  proportion  to  the  original  as  E  F  does  to  E  G. 

The  Pentagraph  is  usually  constructed  in  brasB,  with  steel  cen- 
tresi,  and  travels  parallel  to  the  paper,  supported  by  the  six  ivory- 
mounted  wheels.  The  pencil,  in  the  best  made  instruraents,  is 
fixed  in  a  case,  something  like  the  point  of  an  ever-pointed  Mordan 
pencil,  by  which  contrivance  the  point  is  always  in  the  centre.  A 
sinall  silken  thread  passes  round  the  instrument  trom  the  pencil  to 
the  tracer,  by  means  of  which  the  pendl  is  caught  up  when  it  is  re« 
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quired  to  move  the  instrument  across  the  plan  in  a  direction  that 
is  not  required  to  be  delineated.  The  bars  A  and  C  arc  generally 
divided,  but  it  is  not  at  all  necessary  they  should  be  so,  aa  the  ipse 
dixit  of  the  maker  should  never  be  taken  for  granted,  aud  the  in- 
strunnent  is  easily  set.  Say,  as  the  length  in  inches  and  decimab 
ot  any  line  upon  the  large  map  required  to  be  reduced,  is  to  the 
length  of  the  bar  B ;  so  is  the  length  to  which  the  same  One  is  re^ 
quired  to  be  reduced  to  the  proper  length  on  the  bar  C.  Again^ 
as  the  dififerenoe  in  length  of  the  line  upon  the  large  and  small  scale 
is  to  the  length  of  that  part  of  the  bar  A>  between  the  bars  0  and 
B,  so  is  the  length  of  the  line  on  the  large  map  to  the  whole  length 
of  the  bar  A;  or  on  the  small  map  to  that  part  of  the  bar  A,  be- 
tween the  bar  C  and  the  fnlomm.  See  that  E  F  and  G  are  in  the 
same  straight  line  and  the  instnunent  is  set  for  use. 

While  the  scale  of  the  reduced  map  is  required  to  be  as  small  as, 
or  smaller  than^  one-half  of  the  original,  the  position  of  the  fulcrum 
will  be  somewhere  on  the  bar  A;  but  when  the  proportion  of  the 
small  map  to  the  original  becomes  such  as  3  to  5, 6  to  9, 10  to  12, 
&c.,  then  the  fTilmim  and  pen^nl  must  exchange  places,  and  the 
proportion  is  calculated  as  E  F  to  F  Cr. 

An  inspection  of  the  instrument,  and  a  very  little  practice,  will 
suggest  all  other  ex^anation. 


OHAPTEK  XII. 

RAILWAY  SURVEYING. 

Sbot.  l,-~ExpUraHm  and  (Rial  Jjevds. 

The  services  of  an  engineer  or  surv(  yor,  in  connection  with  a  pro- 
jected line  oi  rallwuy,  commence  witii  what  is  technically  termed 
an  *'  exploration  of  the  country,"  through  which  it  is  desirable  or 
intended  that  it  should  pass.  This  exploration  is  a  general  exami- 
nation of  the  district  by  the  engineer  for  the  purpose  of  making 
himself  thoroughly  acquainted  with  its  ge()graphioal  contour,  and 
geological  features.  He  then,  by  the  aid  of  an  Ordnance  Map,  if 
the  line  is  situated  in  the  south  of  England,  or  in  Ireland,  where 
such  a  map  is  obtainable,  sketches  out  a  line,  over  which  he  causes 
what  are  called Trial  Ley  els'*  to  be  taken.  These  Trial  Levels 
are  frequently  but  veiy  rou^  affiiirs,  but  care  should  be  always 
obs^ved  that  the  right  point  is  taken  at  the  crossing  of  all  public 


RAILWAY  SUBVEYIHO. 


339 


roadsj  and  B  M  should  be  frequently  noted,  as  a  check  upon  the 
levels  of  any  future  process. 

Ill  taking  Trial  Levels,  it  is  generally  the  custom,  in  critical 
localities,  to  level  one  or  two  alternative  Hues,  hut  I  would  sug- 
gest, that  one  line  with  a  number  of  cross  sections  at  frequent 
intervals  is  more  convenient,  and  affords  a  greater  amount  of 
useful  information.  The  use  of  the  Exploration''  is  palpable; 
and  the  utility  of  the  Trial  Leveb  and  Section  must  be  obvious 
upon  a  very  little  consideration.  By  their  aid  the  most  l&iTour- 
able  gradients  can  be  selected,  and  even  the  absolute  practicabilily 
of  the  railway  in  the  proposed  direction  can  be  determined.  It 
not  unfrequently  happens,  in  selecting  the  route  for  a  line  of 
railway,  that  a  dight  detour  from  the  most  direct  course  wOl  save 
a  long  heavy  embankment,  or  a  deep  cutting,  and  wUl  moreover 
improve  the  gradients  to  a  very  great  extent  Practice  and  ex- 
perience will,  as  in  most  other  things  connected  with  the  profes- 
sion of  an  engineer  or  surveyor,,  be  the  only  sure  guides  to 
'  success,  in  selecting  the  gradients  and  determining  the  mode  of 
overcoming  the  difficulties  presented  by  the  face  of  the  section. 
As  a  general  rule,  however,  the  cuttings  should  balance  the  em- 
bankments, so  that  the  stuff  taken  out  of  the  one  may  serve  to 
create  the  other ;  but  if  it  is  necessary  that  one  shoukl  predomi- 
nate, I  would  in  most  cases  give  a  preference  to  the  latter,  it 
being  generally  more  easy  to  obtain  a  piece  of  side  cutting  than 
to  carry  to  spoil*  a  large  amount  of  superabundant  earth. 

When  railways  were  more  in  their  infancy  easy  gradients  were 
insisted  upon,  and  an  inclination  of  1  in  100  was  thought  as  a  rule 
sufficiently  steep;  but  now  that  locomotive  science  and  the 
whole  Bubject  are  becoming  more  practically  kuowa,  inclines  of 
1  in  80,  i  iii  70,  and  1  in  60,  are  to  be  frequently  found  on  the 
sections  of  new  and  branch  lines.  All  of  which  is  of  course  but  a 
question  of  expediency,  between  present  economy  of  construction 
and  ihe  future  expense  of  working  the  line. 

The  following  is  a  brief  extract  of  some  of  the  requirements  of 
the  Standing  Orders  of  the  two  Houses  of  Parliament,  so  far  as 
they  relate  to  the  preliminary,  or,  as  it  is  technically  termed. 

Parliamentary  Survey"  for  an  intended  railway 

*  Banks  formed  of  Burplus  excavated  earths  are  called  ''Spoil  Banks,"  and  the 
earths  sa  ireated  ore  said  to  be  "  carried  to  etpoil." 

t  It  ia  not  intended  to  render  aemoe  to  the  profearional  student,  as  he  will  find  it 
expedient  to  procure  a  copy  of  the  Standing  Orders  every  succcasive  session,  in  order 

that  he  may  be  fully  acquainted  with  all  amendments  w>>ich  from  time  to  time  may 
take  place  in  them ;  but  to  the  noa-en^neeting  enquirer  thid  brief  summary  may  con- 
tain an  the  iufbrmation  he  b  in  search  of. 
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Plan  mi  Seetunu, 

That  a  plan  shall  be  drawn  on  a  Scale  of  not  less  than  four 
inches  to  a  mile,  and  shall  describe  the  line  or  situation  of  the 
whole  work,  and  the  lands  in,  or  through  which  it  is  to  be  made^ 

maintained,  varied,  p^ffnded,  or  enlarged,  or  through  which  every 
communication  to  or  Jrom  the  work  shall  be  made. 

When  poAver?  to  make  any  lateral  deviation  from  the  line  of 
the  proposed  svurk  la  intend  ed  to  be  applied  for,  the  limits  of  such 
deviation  shall  be  defined  upon  the  plan,  and  all  lands  included 
within  such  limits  to  be  marked  thereon,  and  in  all  cases,  except- 
ing where  the  whole  of  snch  plan  is  upon  a  scale  of  not  less  than 
a  q^uarter  of  an  inch  to  every  100  feet,  an  additional  plan  of 
every  building,  yard,  oonrt-yard,  or  laud  within  the  curtilage  of 
any  building;  or  of  any  ground  cultivated  as  a  garden,  either  on 
the  original  iine^  or  within  the  limits  of  the  deviation,  to  be  laid 
down  on  the  plan,  or  on  an  additional  plan  to  be  deposited  there- 
with, upon  a  scale  of  not  less  than  a  quarter  of  an  inch  to  every 
100  feet. 

A  section  shall  be  drawn  to  the  same  horizontal  scale  as  the 
plan,  and  to  a  vertical  scale  of  not  less  than  one  inch  to  every  100 
feet^  which  shall  shew  the  aorface  of  the  ground  marked  on  the 
plan,  the  intended  level  of  the  proposed  work,  and  a  datum  hori- 
zontal line,  which  is  to  be  the  same  throughout  the  whole  length 
of  the  work,  or  any  branch  thereof  respectively,  and  to  be  referred 
to  some  fixed  point  stated  in  writing  on  the  section,  near  rither  of 
the  termini. 

The  plan  to  exhibit  thereon  the  distances  in  niiles  and  furlongs 
from  one  of  the  termini,  and  a  memorandum  of  the  radius  of  every 
curve,  not  exceeding  one  mile  in  length,  to  be  noted  on  the  plan 
iu  turlongs  and  chaios. 

trhe  line  of  railwaj  marked  upon  the  section  to  correspond  with 
the  upper  surface  of  the  rails. 

The  distances  on  the  datum  line  to  be  marked  in  miles  and 
fijrlongs  to  correspond  with  those  on  the  plan,  and  a  vertical 
measure  from  the  datum  line  to  the  line  of  the  railway  to  be 
marked  in  feet  and  indies  at  eadi  diange  of  the  gradient  or  in- 
clination, and  the  propOTtion  or  rate  of  inclination  between  each 
such  change  must  also  be  marked. 

The  height  of  the  railway  over  or  under  the  surface  of  every 
turnpike  road,  public  carriage  road,  navigable  river,  canal  or 
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railway,  or  junction  with  a  railway,  and  the  helglit  and  span  of 
everj  arck  of  all  bridges  and  viaducts  to  be  marked  in  figures  at 
every  crossing  thereof,  and  the  extreme  height  over  or  under  the 
8ui"facc  of  the  ground  must  be  marked  for  every  embankmeut  and 
cutting  ;  and  if  any  alteratiou  in  the  present  level  or  rate  of  in- 
clination of  any  turnpike  road,  carriage  road,  or  railway,  be  in- 
tended, then  the  same  to  be  stated  on  the  section,  and  each 
niunbered;  also  cross  sections  in  reference  to  the  same  numbers 
on  ft  horizontal  scale  of  one  inoK  to  evexj  330  feet,  and  on  a 
yertical  scale  of  one  inch  to  eyerj  40  feet,  to  be  added,  to  explain 
the  nature  of  such  alterations  mcHre  elearlj. 

Where  tunnelling  as  a  substitate  for  open  cutting,  or  a  Tiadnct 
as  a  substitate  for  solid  embankment,  be  intended,  the  tunnelling 
to  be  marked  by  a  dotted  line  on  the  plan,  and  also  to  be  marked 
on  the  section,  and  the  yiaduct  to  be  marked  on  the  section. 

Deposit  with  the  Clerk  of  the  jPectee, 

* 

Duplicate  plans  and  sections,  with  a  book  of  reference,  to  be 
deposited  for  public  inspection  at  the  06^  c  of  the  Clerk  of  the 
Peace,  for  every  county,  riding,  or  division  in  England  or  Ireland, 
or  in  the  Office  of  the  principal  Sheriff  Clerk  of  every  county  in 
Scotland,  in  or  through  whii^  the  work  is  proposed  to  be  made, 
maintained,  varied,  extended,  or  enlarged,  on  or  before  the  30th 
day  of  November,  immediately  preceding  the  session,  in  whidi 
application  for  the  l>ill     to  be  made. 

The  Clerks  of  t  lie  IV  ace,  or  Sheriff  Clerka,  or  their  respective 
deputies,  to  mark  in  writing  upon  the  plans,  sections,  and  books 
of  reference  deposited  with  them,  denoting  the  time  at  which  the 
same  are  lodged  in  their  respective  offices,  and  at  all  seasonable 
hours  of  the  day  permit  auy  person  to  view  and  examine  one  of 
the  same,  and  to  make  copies  or  extracts  therefrom ;  and  one  of 
the  two  plans  depodted  to  be  sealed  up  and  retained  in  the  pos- 
session of  the  Clerk  of  the  Peace,  or  Sheriff  Clerk,  until  called  for, 
by  order  of  one  of  the  two  Houses  of  Parliament 

Deposit  €U  Board  of  Trade, 

A  copy  of  the  Flans,  Sections,  and  Books  of  Beference,  to  be 
deposited  in  the  Office  of  the  Railway  Department  of  the  Board 
of  Trade,  on  or  before  the  30th  of  Kovember,  immediately  pre- 
ceding the  Session  of  Parliament,  in  which  application  is  to  be 
made ;  together  with  a  published  map,  to  a  scale  of  not  less  than 
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half  an  inch  to  a  mile,  with  the  line  of  railway  delineated  thereon, 
so  as  to  shew  its  general  course  and  direction. 

Deposit  with  the  Baihoay  Uommisiimers, 

That  in  the  case  of  Railway  Bills  a  copy  of  all  Plans,  Sections, 
and  Books  oi  iiefcrence,  required  by  the  orders  of  the  House  to 
be  deposited  in  the  office  of  any  Clerk  of  the  Peace,  or  any  Sheriff 
Clerk,  on  or  before  the  30th  day  of  NoYember  preceding  the 
application  for  the  Wll,  together  with  a  published  map  to  a  scale 
of  not  less  than  half  an  inch  to  a  mile,  with  the  line  of  rulway 
delineated  thereon,  so  as  to  shew  its  general  course  and  direction, 
shall,  on  or  before  the  same  day,  be  deposited  in  the  Office  of  the 
CommiflaionCTs  of  Bulways. 

Deposits  at  ^  Prioate  BiU  Office, 

That  on  or  before  the  30th  of  November,  a  copy  of  the  said 
Plan,  Sections,  and  Bodx  of  Picf mice  ;  and  in  the  case  of  Rail- 
way Bills,  also  a  copy  of  the  sidd  published  map,  with  the  line  of 
railway  delineated  tiiereon,  be  depomted  in  the  Private  BiU  Office 
of  the  House  of  Commons. 

Deposit  with  Parish  Olerks,  §*c, 

A  copy  of  so  much  of  the  plans  and  sections  as  relates  to  each 
parish  in  or  through  which  the  work  is  intended  to  he  made, 
maintamed,  Taried,  extended,  or  enlarged,  with  a  Book  of  Refe- 
rence thereto,  to  be  deposited  on  or  before  the  30th  of  November 
with  the  parish  clerk  of  each  such  parish  in  England;  the  school- 
master of  each  such  parish  in  Scotland  (or  in  the  Royal  Boroughs, 
with  the  Town  Clerk),  and  the  Clerk  o£  the  Union,  within  which 
such  parish  is  included  iu  Ireland. 

When  any  lands  or  houses  are  intended  to  be  taken,  or  an  ex- 
.  tension  of  the  time  granted  by  any  former  Act  for  that  purpose, 
is  sought,  application  in  writing,  in  the  form  hereinafter  set  forth 
to  \n  rn:ide  to  the  owners,  lessees,  and  occupiers,  on  or  before  the 
iijih.  day  of  December,  which  application  luuoi  be  deHvered  per- 
sonally, or  left  at  their  usual  place  of  abode ;  or  in  the  event  of 
thdr  being  absent  from  the  United  Kingdom,  be  left  with  theif 
respective  agents;  and  separate  lists  to  be  made  of  the  names  of 
sudi  owners,  leaser,  or  occupiers,  distinguishing  which  of  them 
have  assented,  dissented,  or  are  neuter  in  respect  thereta 
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Lists  of  owners*  lessees,  and  occupiers,  to  be  lodged  in  the 
Private  Bill  Office,  and  the  receipt  thereof  acknowledged  on  the 
petition  before  it  is  presented. 

Notice  in  writing  of  a  bill,  whereby  any  part  of  a  work  autho- 
rised by  any  former  Act  is  intended  to  be  relinquished,  to  be  ^ven 
to  the  owners  and  occupiers  of  lands  in  which  the  part  of  the 
work  intended  to  be  thereby  relinguished  is  atuate. 

Form  of  Notke  to  Owners,  Lessees^  and  Occupiers* 

Sib, — We  beg  to  inform  you  that  application  is  intended  to  be 
made  to  Parliament  in  the  ensuing  session  for  "An  Act,^  [Here 
insert  the  title  of  the  Act.]  and  that  the  property  mentioned  in 
tbe  annexed  schedule,  or  some  part  thereof,  in  which  we  under- 
stand you  are  interested,  as  therein  stated,  will  be  required  for 
the  purposes  of  the  said  undertaking,  according;  to  the  line  thereof 
as  at  present  laid  out,  or  may  be  required  to  be  taken  under  the 
powers  of  deviation,  which  will  be  applied  ior  in  the  said  Act,  and 
will  be  passed  through  in  the  manner  mentioned  in  such  Schedule. 

We  also  beg  to  inform  you,  that  on  or  before  the  30th  day  of 
November  last  a  plan  and  section  of  the  proposed  undertaking, 
and  also  a  duplicate  of  such  Plan  and  Section,  together  with  a 
Book  of  Keierence  thereto,  and  also  a  copy  of  the  notice  pub- 
lished in  the  London  Gaz^,  were  deposited  witli  the  Clerk  of 

the  Peace  for  the  county  of  ,  at  his  office  in  , 

in  the  said  county;  and  that  on  or  before  the  ssid  30th  day 
of  Kovember  last  a  copy  of  so  much  of  the  said  plan  and  sec- 
tion as  relates  to  the  parish  or  parishes  in  which  your  property 
IS  dtnate,  together  with  a  Book  of  Beference  to  such  plan,  and  also 
a  copy  of  the  notice  published  in  the  London  Gazette,  was  also 
deposited  with  the  parish  clerk  of  each  such  parish,  at  his  place  of 
abode,  on  which  plans  your  property  is  designated  by  the  numbers 
set  forth  in  the  annexed  Schedule. 

As  we  are  required  to  report  to  Parliament  whether  you  assent 
to,  or  dissent  from,  the  proposed  undertaking,  or  whether  you  are 
neuter  in  respect  thereto,  you  will  oblige  us  by  writing  your  an- 
swer of  assent,  dissent,  or  neutrality  in  the  form  left  herewith,  and 
returning  the  same  to  us,  with  your  signature,  on  or  before  the 
—  day  of  December  instant ;  and  if  there  should  be  any  error  or 
misdescription  in  the  annexed  Schedule,  we  shall  feel  obliged  by 
your  informing  us  thereof  at  your  earliest  conyenience,  that  we 
may  correct  the  same  without  delay. 

We  are,  sir. 

Your  moat  obedient  servants, 
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Description  uf  the  Section  of 
the  Line  deposited,  and  of 
the  greatest  height  of  Era  - 
bankment&  depth  of  Cutting. 

1    Cutting.  1 

1  «> 

i  ^ 

Embankment. 

Inches. 

2 

Occupier. 

David  Wilson 
Felix  Gregory 

Occupier. 

David  Wilson 

1 

The  same 
JJeJixwegory 

1 

1 

Lessee. 

John  Smil^ 
Brown,  Esq. 

The  same. 

Lessee. 

John  Smith 
Brown,  Esq. 

The  same 
ine  same. 

Owner. 

The  Rt.  Hon. 
Wm.  Eager. 

The  same. 

Owner. 

The  Rt.  Hon. 
Wm.  Eager. 

The  same 

0 

m 

Descrip- 

f  Arable  \ 

\  Land  J 

("Meadow! 

I  Land  J 

1 

f  Arable  1 

f  Wood  1 
I  Laud  j 
f  Pasture  1 
I  Land  i 
The  Moors 

No. 
on 
Plan. 

<^  « 

tH  W 

No. 

on 
Plan. 

»0  CO 

Oi  0> 
•-•      i-t  CO 

Parish, 
Township,  or 
extra  paro- 
chial place. 

S 

o  o 

^  i 

■4 

Parish,  Town- 
ship, Extra 
Parochial,  or 
other  place. 

Bigwood 
Bigwood 
omallcopse 

^no  pi«[  f  naedid  !|« 
9t  i[JOii  posodoid  JO 

Qm]  nqj  tit  .C^jofTo.ij" 

*j[ojf  pai{dd«  oq  o| 
papQOfin  izoiitruo£[  w  fl^nnvi 
OT^T  TinpiM  X^Jddoijf 

« 
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Preparation  of  Parliamentary  Plam  and  Sedims. 

The  Plans  and  Sections  required  by  the  Standini^  Orders  of  the 
Houses  of  Parliament,  to  })e  deposited  at  the  Private  Bill  Office, 
and  other  places,  on  or  before  the  30th  November,  ])receding  the 
Session  of  Parliament,!  a  v,  hich  application  is  intended  to  be  made 
for  any  powers  in  respect  of  works  conDcctcd  with  sucli  plana  and 
sections,  are  generaJlj  yery  simple  in  construction  to  any  one  ao- 
q[uainted  with  surveying. 

^  To  describe  a  sjitem  which  shall  he  best  to  adopt  under  all 
circumstances,  would  only  serve  to  mislead,  without  being  prac- 
ticable. If  the  country  to  be  surveyed  is  tolerably  open,  and 
tiie  landowners  and  occupiers  fiivourably  disposed,  it  may  be 
best  to  range  a  base  line  in  the  direction  of  the  proposed  rail- 
way, and  ihereon  to  build  saok  other  Imes  as  may  be  necessary 
to  take  up  the  features  of  the  countzy  to  a  sufficient  width  on 
either  dde,  care  being  taken  In  every  change  of  base  to  cross  the 
old  and  new  bases  a  sufficient  length  beyond  the  junction,  to  admit 
the  admeasurement  of  a  tie  line  on  either  side.  (See  fig.  1 77.)  And 
in  plotting  the  distances  A  B,  B  C,  C  D,  I)  B,  B  E,  and  A  E ,  they 
should  be  tripled  or  quadrupled,  as  drcumstances  may  admit,  to 
enable  their  more  accurate  delineation  on  the  map. 

If  the  country  is  thick,  and  the  landowners  and  occupiers  not 
very  friendly  disposed,  a  traverse  of  the  roads  first  made  will  much 
facilitate  the  work,  as  a  base  line  cannot  be  ranged  without  cutting 
hedges,  and  nothing  more  exasperates  a  hostile  farmer.  A  traverse 
of  the  nearest  roads  completed,  the  filling  in,  is  a  business  that 
may  be  entrusted  to  a  less  experienced  surveyor. 

Jn  the  extract  of  the  Standing  Orders  given  herein,  it  will  be 
observed,  that  the  scale  of  the  plans  is  required  to  be  not  less 
than  four  inches  to  a  mile,  which  is  twenty  chains  to  an  inch  ;  but 
all  buildings,  gardens,  &c.,  must  he  drawn  to  a  scale  not  less  than 
a  quarter  of  an  inch  to  every  hundred  feet,  which  is  ssix  chains  and 
about  six  links  to  an  indb. 

Were  not  this  latter  oonditi(m  necessary  to  a  compliance  with 
Standing  Orders,  most  engineers  would  deposit  plans  to  the 
smaller  scale;  not  only  because  they  would  require  less  time  in 
drawing,  but  also,  and  iirincipally,  because  it  would  be  far  more 
difficult  to  detect  any  omission  or  error  in  them,  upon  which  an 
alleged  non-compliance  might  be  founded.  But  the  irouble  of  sup- 
plying all  the  requisite  enlargements,  and  the  duu^cr  of  (nnitting 
some,  has  led  to  the  almost  universal  adoption  of  a  scale  not 
less  than  six  chains  to  an  incK   Some  engineers  use  a  five-chain 

T 


346 


RAILWAY  SDRVETINO. 


scale  for  their  plans,  prmcipaUy,  because  curves  of  any  given 
number  of  fiirlongs,  or  half  furlongs  radius,  can  be  drown  by 
curve  rulers  of  some  number  of  inches  or  half  iii<lir-s  radius; 
independent  of  which,  a  five-chain  scale  is  a  very  pretty  one; 
but,  as  I  have  previously  observed,  the  larger  the  scale,  the  greater 
is  the  facility  for  detecting  an  error ;  and,  therefore,  as  these  plans 
have  generally  to  be  prepared  in  a  very  great  hurry,  in  the  bad 
weather  and  short  days  of  the  month  of  Xovcmber,  circumstances 
favouring  as  much  as  possible  the  chances  of  error,  the  scale  is 
generally  kept  as  small  as  the  regulations  permitj  obviating  the 
enlargements. 

When  the  plan  is  prepared,  the  ooune  of  the  intended  line  is 
delineated  thereon,  and  this  is  an  operation  lequimig  great  care 
and  circumspection.  The  trial  section  must  he  constantly  con- 
sulted, in  order  that  the  cattmgs  and  emhanlcments  may  balance 
each  other.  Attention  should  also  be  given  to  the  crossings  of 
roads.  If  two  roads  fork  in  the  vicinity  of  the  line,  so  that  they 
will  each  require  to  be  crossed,  an  attempt  should  first  be  made  to 
cross  them  at  the  fork,  so  that  one  bridge  may  serve  the  two ;  or, 
in  the  event  of  that  being  impracticable,  a  trial  should  be  made  to 
divert  each  road  a  little,  so  as  by  that  means  to  e£feot  the  object  of 
making  one  bridge  serve  the  purpose. 

A  crooked  river  wili  very  frequently  traverse  the  same  valley  as 
an  intended  railway ;  and  there,  again,  a  little  scheming  in  laying 
down  the  line  on  the  map,  may  save  the  future  expenditure  of 
large  sums  of  money  in  bidlding  bridges,  which  might  be  required 
were  the  line  recklessly  drawn. 

Property  possessing  considerable  local  value,  whether  houses  or 
land,  should  be  avoided,  if  a  slight  curve  wiU  do  so,  without  run- 
ning into  worse  ground  for  the  section ;  but  if  this  latter  contin- 
gency presents  itself  in  opposition  to  the  property,  it  will  be  found 
more  economical,  as  a  general  rule,  to  pay  for  land  than  works. 

"WTien  the  Hue  i?  drawn  on  the  plan,  the  limits  of  deviation  fol- 
low, either  parallel  thereto,  or  otherwise,  as  deemed  expedient  ; 
then  the  line  must  be  uuled  consecutively  from  one  end  to  the 
other.  A  memorandum  must  be  entered  under  each  curve  of  its 
radius  in  furlongs  and  chains.  The  tunnels,  if  any,  must  be  dis- 
tinguished by  a  dotted  line  instead  of  a  hard  line  ;  any  diversion  of 
roads  or  rivers  mufct  be  drawn,  tiie  neccissary  writing  and  reference 
figures  inserted,  and  then  the  plans  are  ready  for  deposit. 

The  planys  completed,  a  section  of  the  line  will  be  carefully  made, 
in  manner  explained  under  the  head  of  Levelling;  after  which 
the  Gradients  must  be  determined. 

Much  diversity  of  opinion  exists  among  engineers  as  to  the  ex- 
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pediency  of  making  the  attammeiit  of  easy  gradients  sTit>pervient 
to  economical  considerations  ;  but  witliout  discussing  that  subject 
in  this  place,  it  may  be  observed,  that  our  most  eminent  engineers 
of  the  present  day  are  constantly  laying  out  severe  gradients,  as 
well  as  curving  lines,  to  snve  heavy  cuttings  and  embankments — 
1  in  80  being  a  very  commoD  inclination,  while  in  one  case  which 
has  come  tinder  my  notice  in  the  present  Session  (1852-3,)  1  in  60 
is  laid  out  for  a  dktaace  of  upwards  of  six  miles,  with  very  little 
intermission. 

IL  has  been  previously  remarked,  that  cuttings  and  embankments 
should  balance  each  other  as  nearly  as  may  be,  and  that  if  a  pre- 
ponderance ezifits,  tt  Bhould  be  of  the  latter  rather  than  the  fonner, 
by  reason  of  the  facOily  with  which  aide  cuttings  can  inmost  in- 
stances  be  resorted  to.  But  other  condderatbns  present  themselves. 

It  is  at  all  times  desirable  to  affect  as  little  as  possible  the  ex- 
isting levels  of  public  roods;  an  attempt  should  therefore  be  made 
either  to  cross  diem  on  a  level*>  or  to  pass  20  feet  above  or  below 
them.  It  is  deddedlj  advisable,  if  practicable^  to  lay  out  an  as^ 
cending  gradient  &om  either  way  of  the  line  towards  a  terminus, 
station,  or  junction  point.  Sudi  a  gradient  not  only  serves  to 
check  the  speed  of  a  train  when  approaching  such  a  point,  but  it 
also  assists  it  on  its  way  when  leaving.  The  nearer  we  can  fuMl 
these  conditions  in  practice  the  better. 

Where  public  roads  are  altered  in  level,  a  cross  section  is  re- 
quired to  be  deposited,  shewing  the  nature  of  the  alteration.  The 
levd  of  any  turnpike  road  must  not  be  altered  to  a  steeper  rate  of 
incfination  than  1  in  30,  or  of  any  other  public  road  to  I  in  20. 

The  height  of  the  railway  over  or  depth  under  the  surface  of  any 
turnpike  or  public  carriage  road,  navigable  river,  canal,  or  existing 
railway,  must  be  marked  in  figures  at  each  crossing  thereof,  as  well 
as  a  memorandum  made  of  the  height  and  span  of  the  bridge  or 
arches  by  which  the  crossing  is  proposed  to  be  effected. 

If  the  railway  passes  any  turnpike,  or  public  carriage  road,  or 
railway,  upon  the  same  level,  a  memorandum  to  that  effect  must 
be  made  upon  the  section.  The  section  must  be  miled  to  corres- 
pond with  the  plan,  and  a  very  full  and  explicit  description  of  the 
datum  line  must  be  noted  thereon.  All  timnels  and  viaducts  must 
be  tlrawn  upon  the  section,  and  the  extreme  height  of  every  em- 
bankment, or  depth  of  cutting,  wlicn  the  same  exceeds  5  feet,  must 
be  marked.  With  the  addition  of  the  horizontal  and  vertical  scale, 
the  section  is  complete.   Plates  8  and  9  represent  a  map  and 

*  G«nerully  Bpeaking  a  practice  fraught  with  gmfc  danger  to  th«  publk,  nvtng 
presenlottila^,  at  the  «o«t  of  animal  expenditure. 
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section,  in  accordance  with  Hie  reqiurements  of  Standing  Orders. 

The  Parliamentary  deporits  involving  seveial  copies^  Urography 
is  usually  resorted  to  for  the  purpose  of  supplying  them.  This  is 
a  yeiy  sore  point  with  most  en^eers  and  surveyors ;  few  there 
are  who  cannot  call  to  mind  some  case,  many  there  are  who  have 
experienced  seveml,  nay,  are  yearly  experiencing  tii^m,  in  which 
very  excellent  drawings  have  been  entirely  botched  and  placed 
below  par  in  their  passage,  through  the  office  of  the  lithographer 
in  the  last  days  of  November.  Some  of  the  most  anxious  hours 
of  my  professional  life  have  been  spent  in  these  ofHces,  alternating 
between  hope  and  fear,  and  speculating  upon  the  probable  cbances 
of  the  work  being  completed  in  time  for  deposit.  Lithographers 
rarely  refuse  works  of  this  description,  however  many  of  them 
they  may  have  in  hand ;  so  well  are  they  acquainted  with  the 
absolute  necessity  of  their  completion  by  a  ccrtaiu  time  and  tlie 
safe  pretext  it  aflPords  for  making  a  very  heavy  charge.  1  dare 
say  this  is  fair  enough  as  a  stroke  of  businesn  policy,  but  I  think 
they  should  say  when  they  have  as  much  in  hand  as  they  can 
creditably  accomplish. 

I  do  not  assert  that  lithography  and  zincography  are  net  admi- 
rably adapted  for  this  \ery  purpose  of  multiplying  copies  of  _[»lans 
and  sections,  if  used  as  an  art  should  be,  and  not  abused ;  but  speak- 
ing from  ample  experience  in  both  methods,  I  advisedly  say,  that  if 
time  is  short,  and  a  suflScient  number  of  assistants  capable  of  making 
tracings  can  be  secured,  with  a  man  to  mount  them,  the  deposit  of 
mounted  tracings  will  be  found  both  economical  and  preferable. 
It  is  easy  to  calculate  the  number  of  tracings  of  any  one  or  more 
sheets  of  drawing  a  clerk  will  make,  in  a  given  time,  and  it  can 
be  done  under  the  surveyor's  own  superintendence;  but  he  cannot 
know  how  long  zincography  will  take  to  execute  unless  he  knows 
how  many  other  works  of  a  similar  UiiLLire  the  hthographer  has  in 
hand  at  the  same  time.  The  objection  that  in  the  case  of  tracings 
they  may  not  be  aU  alike,  does  not  well  apply  if  they  are  carefully 
made,  and  if  they  are  mounted  upon  a  preparation  of  white  paper 
mounted  on  holland,  and  are  neatly  drawn,  diey  look  very  nicely. 

The  deposits  dvfy  made,  the  engineer  has  a  rest  on  the  Ist 
December  sweeter  than  can  be  realised  by  the  non-experienoed 
reader.  The  work  of  serving  the  notices  devolves  upon  the  solidtosrs 
and  thmr  local  agents ;  but  the  engineer  must  furnish  the  information 
for  the  notices,  as  to  what  properties  are  situated  on  the  line  as 
laid  out,  and  what  are  only  within  the  limit  of  deviation ;  with 
the  nature  of  the  works  proposed  to  be  constructed  on  such 
properties. 

The  plans,  sections,  and  book  of  reference  bemg  onoe  deposited 
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become  public  document?  to  which  any  one  may  have  access  at 
the  Private  Bill  Office  on  payment  of  five  shillings  for  an  inspection 
or  one  pound  for  the  f)rlvllcgc  of  copying  them.  At  the  office  of 
the  Clerk  of  the  Peace  of  the  County,  the  Document^j  may  be 
inspected  for  one  shilling,  or  copied  at  a  charge  of  one  shilling  an 
hour  for  every  hour  during  which  a  person  is  so  engaged*  This 
puhlidty  of  the  Deposited  Documents,  is  further  coupled  with  the 
privil^e  to  every  person  who  may  be  specially  affected  by  the 
non-compliance  with  any  standing  order  to  appear,  and  to  be  heard 
by  themselves,  their  agents,  and  witnesses  upon  a  memorial  ad- 
dressed to  the  examiner  complaining  of  such  non-compliance,  pro- 
vided the  matter  comphdned  of  be  specifically  stated  in  such 
memorial,  and  the  party  so  specially  affected  has  signed  the  same 
and  shall  not  have  withdrawn  his  signature  thereto,  and  such 
memorial  has  been  duly  deposited  in  the  Private  Bill  Office.  The 
memorial  complaining  of  the  non'^ompliance  with  the  standing 
orders,  if  the  same  relate  to  the  petition  for  a  Bill  numbered  in 
the  General  List  of  Petitions : — 

From      1  to  100       r        ^  i     i      v  i  ")  January  17 

„       101  to  200       J    "^^^       OeDosited   (  ,,24 

201  upwards     (  ^^^^      J       „  31 

before  six  o'clock  in  the  evening  of  any  day  in  which  the  house 
shaU  sit,  and  before  two  o'clock  on  any  day  on  which  the  house 
shall  not  sit ;  and  two  copies  of  such  memorial  for  the  use  of  the 
examiners  must  be  deposited  betbre  twelve  o'clock  on  the  follow- 
ing day. 

The  object  of  the  Legislature  in  framing  the  standing  orders, 
and  in  granting  these  privileges  wa.«  Tiianifestly  a  very  sound  and 
just  one ;  affording,  as  they  were  evidently  intended  to  do,  the 
means  by  which  every  land^jwiiti  and  occupier  could  ascertain  the 
exact  extent  iinl  mauuerby  which  his  particular  interests  would  he 
affected ;  al  tbe  same  time  giving  him  the  legitimate  means  of 
opposing  the  passage  of  the  Bill  through  the  House  it'  he  sliould 
be  hostile  to  its  preamble,  or  dissatisfied  with  its  provisions  or 
clauses. 

The  examination  of  the  petitions  for  private  Bills  which  have 
been  duly  deposited  in  the  Private  Bill  Office,  commences  on  the 
25th  day  of  January,  in  such  order,  and  in  accordance  with  such 
regulations  as  shall  be  made  by  the  Speaker. 

Seven  days'  notice  is  given  by  the  Examiner  in  the  Private  Bill 
Office,  of  the  day  appcnnted  for  the  examination  of  each  petition 
and  in  case  the  promoters  do  not  appear  at  the  time  appointed,  the 
examiner  strikes  the  petition  out  of  the  list)  tmd  has  no  power  to 
re-insert  it  witiiout  the  order  of  the  House. 
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The  examiner  cndorsea  upon  tlie  petition,  a  certificate  of  com- 
pliance or  non-compliance  with  the  standing  ordeis,  and  in  the 
eirent  of  the  latter^  he  reports  to  the  House  the  fiicts  npon  whioh 
liis  decudon  is  founded. 

A  description  of  the  several  stages  by  which  a  Bailway  Bill 
passes  through  Parliament,  is  hardly  in  accordance  with  ^e  in- 
tentions of  this  paper;  those  who  wish  to  acquaint  themselTes 
fully  upon  the  suliject,  can  do  so  by  reference  to  a  '^  Tlreatiae  upon 
Parliamentary  Proceedings,"  lately  paUiBhed  by  Mr.  May,  one 
of  the  Examiners. 


8ee,  subsequent  to  the  passing  of  ^  act. 

The  first  operalaon  after  the  passing  of  an  Act  of  Parliament 
authoriedng  the  formation  of  a  railway  is  the  carrying  out  a  very 
careful  and  particular  survey  and  the  preparation  of  an  exceed- 
ingly accurate  mi^,  plotted  to  a  scale  of  two  chsuns  to  an 
inch>  or  some  other  large  scale  exhibiting  fidthfully  every  possible 
detaiL  Upon  this  plan  all  the  future  works  can  be  correctly  laid 
down^  and  Uie  contents  of  the  several  lands  required  can  be  ac- 
curately computed.  When  these  plans  are  completed  the  line  of 
railway  is  carefully  laid  down  thereon^  dther  in  the  same  course 
as  drawn  on  the  deposited  plans,  or  in  such  an  altered  direction 
within  the  limits  of  deviation,  as  subsequent  enquiries  and  a 
less  hurried  examination  may  have  suggested* 

Now  comes  the  important  business  of  setting  out  tiie  centre  line. 
To  do  this  with  accniacy  is  frequentiy  a  troublesome  operation,  de- 
pending upon  the  nature  of  the  ground.  For,  with  the  most  accu- 
rate plan,  it  is  not  always  possible  at  the  first  attempt  in  a  hilly  or 
a  wooded  country  to  range  the  long  straight  pieces  of  the  line ;  if  a 
piece  of  rising  ground  can  be  found  intermediate,  &om  which  both 
ends  can  be  seen,  or  any  other  two  well  defined  points  upon  the  plan 
which  can  be  exactiiy  identified  upon  the  land,  the  best  course  to 
adopt  will  be  to  plant  a  theodolite  or  transit  instrument  upon 
the  high  ground  with  which  the  line  can  be  ranged  towards  eith^ 
end.  Practice  and  experience  are  required  to  set  out  these  straight 
lines  with  accuracy.  A  person  accustomed  to  the  conduct  of  large 
.surveys  will  do  this  work  much  more  readily  than  the  con?tructive 
en-ineer.  It  is  always  advisable^  however  long  the  staight  lines 
may  be,  to  commence  the  ranging  in  the  centre,  and  for  this  rea- 
son ;  a  very  small  deviation  at  the  commencement,  although  too 
minute  to  be  detected  on  the  Plan,  would  becomp  clpjirly  discern- 
ible, and  require  correction  if  carried  on  and  iucreaged  throughout 
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the  whole  line ;  but  if  the  work  commences  in  the  centre  tluB  error 
can  at  any  rate  only  arrive  at  half  the  magnitude^  and  may  posnbly 
to  that  extent  be  unimportant. 

It  is  desirable,  if  p  i^^ible,  that  the  straight  lines  forming  tan- 
gents to  curves,  should  be  produced  until  they  intersect  each  other, 
where  a  flag  staff  should  be  erected  as  a  permanent  mark  of  refer- 
ence throughout  the  construction  of  the  works.  This  cannot  often 
be  done,  but  the  tangents  should  at  all  times  be  produced  to  some 
spot  beyond  the  work-,  v,  hereon  the  pole  may  be  erected,  so  that 
its  continuance  may  not  interfere  with  or  be  likely  to  be  disturbed 
by  the  oonTenienoe  of  the  landowners  and  occupiers. 

The  methods  of  setting  out  curves,  to  which  I  purpose  to  direct 
attention  here,  are  fiye  in  number.  The  three  first  are  given  by 
Mr.  Law,  in  Simms*  Treatise  on  Levelluig,  the  fourth  is  described 
by  Mr.  Bankin,  in  a  communication  to  the  Institution  of  Civil 
Engineers,  and  the  fifth  is  a  method  suggested  by  myself,  in  a 
Book  of  Tables,  (published  about  fiye  years  since,)  for  setting  out 
slopes  and  curves.  Mr.  Law's  first  method  b  that  which  has  in 
practice,  perhaps,  been  most  extensively  used,  although  it  possesses 
some  objections  which  I  shaU  point  out  in  the  sequel. 

Let  AB  and  C  D,(fig.  1,  plate  6)  be  the  two  straight  portions  of 
the  line,  which  it  is  desired  to  connect  by  a  curve;  B  and  C  being 
the  two  points  at  which  the  curve  falls  into  the  straight  lines ;  and 
let  B  ^  ^  ^  ^  ^  &0.,  be  the  distance  which  it  is  derared  that  the 
points  to  be  found  in  the  curve  shall  be  apart*  Then  measure 
upon  the  straight  line  A  B  produced,  the  distance  B  ai,  equal  ^i,  in 
formula  lY  below,  and  from  the  point  ai,  set  off,  perpendicular  to 
the  same  line,  the  distance  <ii,  bip  equid  to  Oi,  in  formula  III, 
which  will  give  the  first  point  required  in  the  curve ;  then  range 
a  straight  line  through  the  points  B,  ^i,  and  upon  this  line  lay  off 
the  distance  bi,  Og,  equal  to  in  formula  YI,  and  firom  the  point 
a  get  off  perpendicular  to  the  line  B  at,  the  distance  a,,  h»,  equal  to 
03  in  formula  V,  and  the  point  it  will  be  the  second  point  in  the 
curve ;  then  in  a  similar  manner  range  another  line  through  the 
points  hi,  upon  which  measure  the  distance  a,  equal  to  the 
di? lance  c.^  or  bi  a2,  and  from  set  off  as  before,  perpendicular  to 
the  line  03,  the  distance  a^b,  eqiinl  to  Oo,  which  will  determine  the 
third  point  in  tlie  curve ;  and  thus  proceed  until  the  whole  extent 
of  the  curv  e  has  1  een  set  out 

In  order  to  obtain  the  values  of  ^3,  Oi  and  O33  let  r  equal  the 
radius  and  d  equal  the  distance  B  bi,  or  5,  &c.,  which  it  is  de- 
sired that  the  points  found  in  the  curve  shall  be  apait,  (both 
expressed  in  feet);  then 
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As  an  example  of  the  application  of  this  method,  let  the  mdms 
of  the  curve  (r)  he  15  chainB  or  990  feet,  and  the  distance  B  *i  (<0 
one  chain  or  66  feet ;  then  from  fomola  III 

=  2-2  feet  =  oi 

2  X  990 
ynH  be  the  first  o£&et  at  Ot  > 

^66»— 2-2««  65-963  feet  =  9i 
will  he  the  distanoeBai,  to  he  Lud  off  upon  the  Ime  A  B  produced 
to  give  the  place  for  this  ofiset.  Again, 
66  X  65*963     ,      <     _  ^ 

will  be  the  offset  at  a^,  Ofg  (h,  &c ;  and 
990 

will  he  the  distance  bi,  Oas  bta»,  &o,,  to  he  measnred  from  the 
points  hit  h^,  &C.S  in  order  to  give  the  points  0^,0^  a^,  &o.,  from 
which  the  ofisets  0^  are  to  be  taken. 

To  this  method  there  are,  as  has  been  alreadj  stated,  some  prac- 
tical objections,  inamuch  as  anj  error  whidi  maj  be  committed 
in  settmg  out  only  one  of  llie  points  in  the  curve,  will  occasion  a 
corresponding  error  in  eveiy  succeeding  one ;  and  a  very  trifling 
inaccuracy  in  calculaling  either  the  distance  or  the  length  of  the 
offset  02,  from  its  being  frequently  repeated,  may  ultimately  cause 
a  very  considerable  deviation  I'rom  the  true  curv^c.  Both  these 
objections,  however,  may  be  in  a  great  measure  removed  by  the 
adoption  of  the  loUowing  method  of  checking  the  position  of  about 
every  fiftli  f)o'mt;  or  which  would  be  better,  first  determining  the 
position  of  these  points,  and  then  filling  in  the  intci metliate  ones  ; 
and  as  I  consider  thi.-*  modification  does  away  almost  entirely  with 
the  above  mentioned  sources  of  error,  X  shaU  give  an  example  of 
its  application. 

Suppose  r  and  dy  or  the  radius,  and  the  distance  the  points 
B,  b^y  &c.,  arc  apart  (see  fig.  2,  plate  6)  to  be  the  same  as  in  the 
last  example,  viz.,  990  feet  and  66  feet  respectively,  and  let  it  be 
determined  to  check  the  position  of  every  fourth  point ;  then  tiie 
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values  of     ^  ^  and  o„  will  be  the  same  as  before;  bat  previous 

to  setting  out  pdnts  ^>„  h^,  b„  Sec,  we  must  calculate  the  distance 
B  Bjj  to  be  measured  along  the  line  A  B  producedj  and  the  distance 
Bi,  to  be  set  off  from  the  point  Bi  to  give  the  position  of  the 
fbiirth  point  (^4)  in  the  curve  :  which  may  be  done  as  follows  :  Let 
the  distance  B  B,  equal  Ai  and  Bi  equal  d  ;  and  let  Dj  be  the 
length  of  the  chord  line  conneotiog  the  two  points  B  and  and  P 
be  the  angle  a,  B  5, ;  then 

01  rad      .  a 
— -J — =  sm  p, 
a 

and 

 ^  

Then,  by  substituting  D„  Oi,  and  A,  for  <^  0^  and  5^  in  the  for- 
mulsB  m,  IV,  V,  and  VI,  we  shall  obtain  die  values  of  Oi,  t>i, 
O9  and  where  is  the  distance  ^  Bs  to  be  measured  upon  the 
diord  line  Bj  b^  produced,  and  (\  is  the  distance  B^  ^  to  be  set  off 
fironi  B^  in  order  to  give  the  eighth  point  (h)  in  the  curve ;  for  the 
values  of  r  and  d  given  above  we  shall  obtain 

Log  of  01  0*342423  «  2*2 

Log  rad  =  10*000000 

10-342423 
Logof<2  s  1-819544  =  66 


Log  sin  of  ^  =  8-522879 
and/S=  1°  54'  S7";  then 

Log  of  2  r  =  3*296665  =  1980 

Log  sin  of  4  /3  =  9*123745  =  7*^  38  28  " 

12^420410 

Log  rad  =  10*000000 


Log  of  D,         8  2*420410  =  263*27. 
Then  from  formula  III^ 

=35  feet «  0,5 

2  X  990  ** 

from  formula  IV, 


^  263-27'-  35^     =  260-92  feet  =  o  , ; 
from  formula  V, 

263-27  X  260-92       ^»  ,  ^ 

 990  =        =  ^5 

and  from  formula  VI, 

263*27  X  (990  ^35)  _  9«.oa  -  ^ 
 990   ^^^^ 
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Theee  being^  obtained,  the  pobitioii  of  every  fourth  point,  b^,  b^,  b^, 
&C.,  bhould  be  first  determined  by  the  dimensions  ^i,  O,,  \,  and 
0-2 ;  and  then  the  intermediate  points,  b^,  b^,  bt^  dg,  kc,  by  ci,  Oj, 
^2,  and  Og,  as  Hist  described. 

The  second  method  which  I  shall  describe  may  be  adyan- 
tageously  employed  when  the  radius  of  CDrratare  is  laige  and  the 
centre  can  be  seen  ficom  every  part  of  the  curve. 

Let  the  lines  (fig.  3,  plate  6)  A  B  and  C  as  before,  repre^ 
sent  the  two  strai^t  portions  of  the  line  required  to  be  oonnected 
by  a  curve  having  a  ladins  of  80  chains  or  1  mile.  First,  set  up  a 
theodolite  at  B  and  another  at  C  (the  two  tenninations  of  the 
straight  portions  of  the  line)  and  from  each  point  range  a  Ime  at 
ri^t  angles  to  the  Imes  A  B  and  C  D  respectively,  and  at  the  in- 
tersection of  these  lines  (E)  which  will  be  the  centre  of  the  curve, 
put  up  a  signal  su£Bicientfy  oonspicnous  to  be  seen  &om  any  point 
between  B  and  C :  then  produce  tiie  straight  lines  AB  and  C I> 
until  they  interBect  in  the  point  F,  and  on  these  lines  drive  in 
stakes  at  equal  distances,  ai,  a»,  Bus,,  commencing  from  the  points 
B  and  C.  If  r  equal  the  radius,  and  9  equal  the  distance  between 
the  points  Oi^a^Ot,  &&,  both  in  feet,  then 

^     +  i^—rsaoi, 
will  be  the  distance  which  must  he  set  off  from  the  first  point  ^j,, 
not  perpendicular  to  the  line  B  F,  but  in  the  direction  a,  £ ;  in 
lite  manner 

will  be  the  distance  to  be  set  off  from  the  point  a»  in  the  direction 
a«£;  andgeneially   

win  be  the  distance  to  be  set  off  at  the  nth  points  from 
Band  G. 

Tor  example,  let  r  be  5280  feet  and  9  equal  100 feet;  then 
^  6280^+  100*  —  6280  »  -94  feet  «  o, 
will  be  the  distance  ai  bi,  which  must  be  set  off  from  Ci  in  the  direc- 
tion 4Zi    to  obtain  the  first  point  hi  in  the  curve,  and  proceeding 
in  a  similar  manner  with  the  others,  the  foDowing  table  will  exhibit 
the  distances  to  be  set  off  at  the  respective  points  iri,  o^,  Os » &c. 
Atai  or  100feetfromB,theofi&etwillbe  -Mfeet 
a,      200        „  „  S*79 

<h      300        „  „  8*52 

iU      400        „  „  15*13 

a»      500        „  „  23*62 

a,      600        „  „  33*98 
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At  Or  or  700  feet  from     the  offiwt  will  be  46*19 
a»      800         „  „  60-26 

900         »  ^  76*16 

an    1000         „  „  93*86 

au    1100         „  „  113*36 

«tt    1200         „  „  134*65 

an    1300         „  „  157*68 

014    1400         „  „  182*45 

1500         „  „  208*93 

If  the  extent  of  ihe  cnrve  is  suoh  that  the  length  of  the  ofibets 
before  reaching  the  point  F  where  the  two  tangent  lines  intersect 
become  inconyeniently  long,  bo  as  to  occasion  a  loss  of  time  in 
set^ng  fhem  o%  it  will  be  advisable  to  make  use  of  another  tan- 
gent line  as  shewn  at  G  I,  fig.  4,  {^te  7 ;  for  determining  the 
position  of  which  line  the  following  method  may  be  made  use  of. 
Let  r,  as  before^  be  the  radius,  «  tixe  number  of  degrees  contained 
hj  the  rrncflp  B  E  C,  and  n  the  number  of  tangent  lines  (as  B  Q, 
G     H  X,  I G)  intended  to  be  employed ;  then 

.  « 

r  sm"-" 


cos  — 
n 


will  equal  tiie  length  of  any  one  of  these  tangent  lines.  As  an 
example^  let  r  equal  5280  feet,  *  equal  60^,  and  n  equal  4 ;  then 

of  r         s  3*722634  =  5280 


Log  sin     ^  =  9.412996  =  16» 


13*135630 


Log  cos    -J-  =  9*984944 


3*150686  ^  1414*8  feet 
will  be  the  length  of  thelmesB  Q,  GH>  &c 

Now  having  ascertiuned  this  length,  nothing  more  remains  than 
to  set  it  off  from  B,and  0  towards  F,  and  then  to  rangea  line  GI 
from  the  two  points  thus  obtained,  which  will  be  the  required  tan- 
gent line :  this  Ime  must  then  be  bisected  in  the  point  H,  whicib 
may  readily  be  done  by  ranging  a  line  from  F  to  E,  which  having 
be^  done,  proceed  as  already  described  to  set  off  the  equal  dis* 
tances  ai,  a»,  Os,  &a  from  B  and  H  towards  G,  and  from  H  and  C 
towards  I ;  and  then  by  setting  off  the  distances  Oi  bi,  Ot  bt^&o, 
contained  in  the  Table  aheady  given,  from  the  several  points 
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OifOt,  t^'c. ,  in  directioiiSRidiatuig  to  the  centre  E,  the  course  of  the 
curve  will  be  marked  hj  ihe  points     b%,  bg.  Sec.  thns  obtained* 

One  advantage  possessed  by  the  above  method  is,  that  knowing 
ezacily  the  direction  in  which  to  lay  off  the  ofiaets^  (and  that  by 
the  range  of  a  oomparatiTely  distant  object^)  the  errors  which  have 
firequentLy  arisen  from  their  not  having  been  set  off  perpen- 
dicularly, where  the  eye  has  been  the  only  crit^ion^  are  entirely 
obviated ;  and  this  method  is  also  entirely  free  from  the  objections 
made  to  the  former  method. 

When  the  centre  point  E  cannot  be  seen  from  every  part  of  the 
curve,  so  as  to  allow  of  the  offsets  been  laid  off  radially,  the  more 
■usual  method  may  be  adopted  of  laying  off  the  offsets  per[)en- 
dicularly  to  the  tangent  B  F,  but  in  this  case  a  cross  staff  should 
always  be  employed  to  insure  accuracy,  and  the  distances  to  be  set 
off  from  the  points  Oi,  Cj,  Os*  &c.  will  be  greater  than  those  em- 
ployed in  the  previous  method,  and  must  be  calculated  from  the 
foimuia   

instead  of  that  given  at  page  355. 

The  third  method  is  most  applicable  where  the  radius  of  the  curve 
is  small  as  compared  with  its  extent,  and  is  deduced  from  the 
veil  known  theorem^  that  all  angles  contained  in  the  same  seg- 
ment of  a  ciide  are  equal  to  one  another.*  The  method  is  as 
follows: — ^place  a  theodolite  at  B  and  another  at  (fig.  5, 
plate  7)  the  two  terminations  of  the  straight  portions  of  the  line, 
setting  the  telescope  of  the  instrament  at  B  on  and  that  at  G 
on  F,  ihe  point  of  inteiseotion  of  the  lines  A  B  and  C  D  pro- 
duced; ifaien  if  the  former  be  moved  through  an  are  of  any 
number  of  degrees^  towards  "F,  and  the  latter  the  same  number  of 
degrees  towards  B»  tibe  point  ai,  where  the  lines  of  ooUimation  of 
ihe  two  telescopes  inteiBect>  will  be  a  point  in  the  curve ;  now  let 
both  theodolites  be  again  moved  the  same  number  of  degrees  and 
in  the  same  directions  as  before^  and  their  axes  produced,  or  lines 
of  collimationj  will  again  intersect  at  Oa,  another  point  in  the  curve ; 
and  in  &ct,  to  whatever  extent  the  theodolites  are  moved,  so  long 
as  the  arc  described  is  equal  in  both^  the  point  of  theur  intersection 
will  always  be  in  the  required  <mrve.  Or  more  generally,  suppose 
the  two  iheodolitea  to  be  placed  as  first  described^  and  then 
amultaneously  to  commence  to  revolve  with  the  same  uniform 
angular  velocity,  the  point  of  intersection  of  their  lines  of  col- 
limation  wiU  describe  the  drcular  arc  C,  Oi,  Ot,  a$,  »  .  •  ,  B;  and 
in  equal  int^vals  of  time,  eq^ual  portions  of  the  arc  will  be  de- 
scribed, which  wiU  be  half  as  great  as  the  arc,  which  would  have 

*  Euclid,  Book  IIL  propu  21. 
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been  described  in  the  same  time,  by  the  same  angular  veiocaiy,  at 
the  centre  of  the  circle  (E);  from  wliich  last  mentioned  circum- 
stance, we  may  readily  calculate  the  magnitude  of  the  angle 
through  which  the  theodoUtes  at  B  and  C  must  be  successively 
moved,  in  order  that  the  points  a„  aia,  a,,  &C,  at  which  their  axes 
intersect,  may  be  at  the  distance  apart  wliich  it  is  desired  that 
they  should  be.  If  r  equal  the  radius  of  the  ourye,  d  the  required 
diatance>  and  li  the  angle    £  C ;  then 

d  rad      •    ^  TTTT 

— —  ^  Bin  ^  VIL 

2  r 

As  an  example  of  the  application  of  this  method^  let  r  equal  20 
chains^  or  1320  feet,  and  let  it  he  required  to  determine  points  in 
the  curve  at  distances  of  ahout  100  feet;  now  firom  the  ahove 
formula  we  shall  ohtain 

Jjogd         =     2*000000    s  100 
Log  rad       ss  10^ 


iiiiiiiiii 


12-OOnooO 
Log  2  r        =    3-421604    ^  2640 


Log  sini3  =  8'57S396  =  2°  10'  1. 
As  it  would  be  iuconYcnicnt,  however,  in  practice,  to  lay  off  so 
frequently  as  would  be  required  an  angle,  with  odd  minutes  and 
seconds,  wo  ma7  instead  of  the  above  take  an  angle  of  2  degrees, 
which  will  make  the  distance  d  equal  92*13  feet  Having  thus 
determined  the  angle,  and  placed  the  theodolites  as  previously  de- 
scribed, viz.,  that  at  B  in  the  direction  of  B  C,  and  that  at  C  in  the 
direction  C  F ;  the  former  must  he  moved  2°  towards  F,  and  the 
latter  2^  towards  B,  and  a  stake  driven  down  at  their  point  of 
intersection  a,,  the  former  must  then  be  removed  2°  more  towards 
P,  and  the  latter  2^  towards  B,  and  another  stake  put  down  at 
their  point  of  intersection  and  bo  on  until  the  theodolite  at  B, 
is  brought  to  the  direction  B  F,  and  that  at  C  to  the  directionO  B, 
when  the  whole  of  the  curve  will  have  been  staked  out  as  required 
the  stakes  being  92*13  feet  apart.  This  method,  the  same  as  the 
last  is  not  liable  to  the  objections  that  the  forst  method  was,  and 
in  addition  possesses  the  very  important  practical  advantage,  that 
its  accuracy  is  entirely  independent  of  any  undulation  or  change  of 
level  in  the  surface  of  the  ground,  an  advantage  which  is  not  pos- 
sessed by  any  of  the  other  methods  which  I  have  described,  the 
whole  of  which  would  require  to  have  the  distances  and  offsets  cor- 
rected in  proportion  to  the  slope  of  the  surface  of  the  ground.  In 
a  hilly  country  — and  it  is  in  such  districts  that  curves  most  fre- 
quently occur — this  circumstance  will  rcrnler  the  last  described 
method  far  superior  to  either  of  those  which  jprecede  it. 
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The  next  method  which  1  shall  give,  is  that  described  hy  Mr. 
RanMn,  in  a  communication  to  the  Inetitution  of  Civil  Engineers, 
and  depends  on  the  theorem*  that  the  angle,  subtended  by  any  arc 
of  a  circle  at  the  centre  of  the  circle,  is  double  the  angle  subtended 
by  the  same  arc  at  any  point  in  the  circumference  of  the  circle. 
The  method  of  proceeding  is  as  follows  t— first  place  a  theodolite  at 
B  (fig.  Q,  plate  7)  the  point  where  the  curre  commences;  and 
then  lay  off  from  the  line  B  P,  the  angle  B,  calcolated  from  for- 
mula Vn,  (supposing,  as  before,  r  to  represent  the  radius  of  the 
earve,  and  d  the  distance  required  between  the  points  in  the  curve,) 
and  in  the  direction  of  the  axis  of  the  instrument  set  off  the  dis- 
tance d,  which  will  give  the  first  p<nnt  ai  in  the  eorye ;  in  the  same 
manner  lay  off  iiomB  Fthe  angle  2fi,  and  from  Oi  set  off  the  same 
distance  d,  and  the  point  where  it  outs  the  axis  <^  the  instrum^t 
produced  will  be  the  second  point  a»;  and  generally  by  laying  off 
the  angle  n  p,  and  setting  off  from  the  proceeding  point  a„,  the 
distance  d,  the  point  Oa  will  be  given. 

As  an  example  of  the  application  of  this  method,  let  r  equal  19 
chains,  or  1254  feet,  and  d  equal  100  feet;  then  from  formula  YII 
we  obtain 

Logrf         =     2000000    =  100 
Log  rad.      «  10-000000 

12.000000 

Log  2  r       »     3-399328   s  2508 

Logdn/5  =  8*600672  =  2°  17' 6* 
then  having  placed  the  theodolite  at  the  point  B,  lay  off  this  angle 
2**  17'  6"  from  the  Ime  B  F,  and  upon  the  line  B  a,  thus  obtained 
set  off  100  feet,  which  will  give  the  first  pcnnt  in  the  curve  at ;  then 
with  an  angle  of  34'  12"  or  2  jS  set  off  another  100  feet  from  a„ 
which  will  give  the  second  point  oi,  and  thus  proceed,  until  the 
whole  extent  of  the  curve  has  been  set  out. 

The  last  method  I  extract  from  my  own  Work  upon  the  subject 

^  Suppose  we  have  arrived,  by  a  piece  of  straight  work,  at  the 
commencement  of  a  curve,  of  80  chains  radius,  which  for  dtuiim- 
strationwe  will  call  point  A,  (fig.  173/);  the  first  proceeding  li,  to 
produce  the  straight  hne  or  taugent,  one  chain  to  C  ;  then  turning 
to  the  tables  (aa  hereafter  explained)  Imd  the  single  offset 
C  D  =  4.9  inches ;  this  must  be  very  exactly  set  off  at  r^ht  oMfUs 
(in  the  first  case  only)  with  the  tangent  A  0  to  D,  which  becomes 
a  point  in  the  curve.  We  now  produce  AD,  one  chain  to  £• 
Then  turning  again  to  ibe  tablesj  we  ascertain  the  double  offset, 

*  Euclid,  book  III,  prop.  20. 
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(as  the  Blngle  ofiset  B&rrea  only  to  connect  the  tangent  with  the 
oiirrej)  to  be  9.9  inches ;  so  with  one  handle  of  the  diain  held 
fimily  at  D,  and  one  end  of  s  tape  held  at  we  proceed  to  make 
D  F  =  one  chain ;  and  E  F  =  9.9  inches  ;  and  F  is  another  point 
in  the  cunre.  We  then  produce  D  F  in  the  same  manner  as  A 
and  so  on  throughout  to  the  end  of  the  curre ; — always  bearing 
in  mind  that  the  tangent  leayes  the  curve  as  it  came  on,  with  the 
angle  or  half  ofSaet,  as  shewn  at  I. 

The  above  method  requires  some  farther  test  to  ensure  complete 
accuracy,  as  explained  with  reference  to  the  first  method. 

We  will  again  suppose  ourselves  at  the  commencement  of  the 
curve,  which  we  will  now  consider  point  A,  fig.  173^;  produce  the 
straight  line  ten  chains  to  C  ;  there  erect  a  perpendicular,*  which, 
on  reference  to  the  tables,  we  find  to  be  62.7  liukSj  and  being 
accurately  set  off,  we  obtain  D,  a  point  in  the  curve. 

In  measuring  the  ten  chains  A  0,  reference  is  required  to  the 
tables  to  ascertain  the  point  B  at  which  the  next  tangent  inter- 
sects, and  which  is  found  to  be  502  links  from  A,  at  which  point 
a  mark  should  be  set  up. 

Xf  we  produce  a  line  formed  by  the  points  B  and  D,  ten  chains 
from  D  to  F,  we  have  a  new  tangent  D  F  with  which  to  proceed 
in  the  same  manner  as  with  A  C :  and  so  on  throughout  the  con- 
tinuance of  the  curve. 

The  dimensions  A  C  and  G  D,  D  F  and  F  &c>  corresponding 
respectively  with  the  one  and  versed  sine  of  the  curve,  and  being 
of  snffident  length  to  bear  a  comparison  with  the  radius,  must 
obviously  subtend  to  great  accuracy. 

The  tables  afford  one  other  test,  by  givmg  i^e  angles  C  B  D, 
FE  G,  &c,  between  the  intersecting  tangents,  s  in  our  illustra- 
tion, 7«  i(y  6<r 

It  is  required  to  set  out  a  curve  of  20  chains  radius: 

Seek  in  the  column  headed  '^radius  in  the  tables,  20  chains,  then 

opposite  the  radius  in 

Column  2,  is  the  single  offset  C  D,  fig.  173/;  =  1-ft.  7.8  inches. 
Column  3,  is  the  double  offset  E  F,  fig.  173/,  =  3-ft.  3.6  inches, 
C^liunn  4,  is  the  perpendicular  C  D,  fig.  173^,  at  10  chains  on  the 

tangent  A  O     267.9  links. 

Coltrmn  5,  is  the  distance  A  B  on  the  old  tangent  A  0,  at  which 

the  new  tangent  B  F  intersects  =  536  links  ;  and  in 

Column  6,  is  the  angle  C  B  D,  firr.  1 73y,  formed  by  the  interseo- 

tion  of  the  old  and  new  tangents  =  30  d^. 

*  This  perpeaidicalar  being  of  some  length  is  oalculated  in  Uie  tablee  to  links,  as 
mora  eadly  measured  witik  a  «bain  Gun  a  ti^ 
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TABLES  FOB  SETTING  OUT  CUBVES. 


•  1 

BAUIUB. 

SrPJOLE  OFFSKT  j 
AT  1  CHAIN  ON  . 

1 

DOFBLE  OKFdBT 
AT  1   CHAIK  OM 

onwt  At  10 

OBAXMB  OH  UX. 

TiauD  on. 

BISTaNOE  oh' 
THBOLDTAN- 

GKKT  AT 
WUIOB  TBS 
NEW  OVB 

orxsBa&OTS. 

ANGLF  FnRilED 
BY     THE  IMTKB 

aKCTio'x  or  THE 

UUJ  Ain>  HEW 

sAiraiitn. 

Chains. 

Feet.  Inches. 

Feet  Inches. 

Lmks. 

Liiiks. 

Deg.Mm.sec. 

10 
11 
12 

d  3.6 
8  0. 
2  9. 

6  7.2 
6  0. 
6  6. 

1000. 
641.7 
686.6 

1000 
700 
644 

no    0  0 

65   22  84 
56  26  88 

13 
14 
15 
16 

2  6.4 

%  4.d 

2  2.4 
2  0.7 

5  0.9 
4  8^ 
4  4.8 
4  1.6 

469.3 
420.2 
881.9 
861. 

610 
588 
678 
562 

60   17  6 
45  35  4 
41   48  87 
88  40  66 

17 
18 
10 
SO 

1  11.3 
I  10. 
1  8.8 
1  7.8 

8  10.6 
8  8. 
3  5.6 

3  3.6 

325.2 
303.3 
284.4 

267.9 

553 
546 
640 
636 

36     1  64 
33    44  56 
31    45  24 
30     0  0 

25 
30 
85 
40 

1  3.8 
1  1.3 

0  11.3 
0  9.9 

2  7.6 
2  2.4 
1  10.6 
1  7.8 

208.7 
171.6 
145.9 
127. 

522 
616 
611 
608 

23   34  41 
19  28  16 

16   36  6 
U  28  89 

45 
50 
66 
60 

0  8.8 
0  7.9 
0  7.2 
0  6.6 

1  5.6 
1  8.8 
1  2.4 
1  1.2 

112.6 
101. 
91.6 
88.9 

606 
505 
504 
503 

12   50  22 
11    82  13 
10    28  32 
9   35  38 

06 
70 
76 
80 

0  6. 

0  5.G 
0  5.2 
0  4.0 

1  0.1 

0  11.3 
0  10.5 
0  9.9 

77.8 
71.8 
66.9 
62.7 

60S 

502 
502 
602 

8   60  68 

8    12  47 
7   39  44 
7    10  60 

MUCB.  For. 
1  1 
1  2 
1  3 
1  4 

0  4.4 
0  S.9 
0  3.6 
0  8.8 

0  8.8 
0  7.9 
0  7.2 
0  6.6 

65.7 
50,1 
45.5 
41.7 

602 
501 
501 
601 

6    2-2  45 
5    44  21 
5    12  67 
4  46  48 

1  5 
1  6 
1  7 
3  0 

0  3. 
0  2.8 
0  2.6 
0  2.4 

0  6. 
0  5.6 
0  6.2 
0  4.9 

38.8 
35.7 
88.8 
81.2 

600 
500 
500 
500 

4  24  42 
4     6  46 
8  49  21 
8  86  0 

2  2 
2  4 

2  6 

3  0 

0  2.2 
0  1.9 
0  1.8 

!     0  1.6 

1 

0  4.4 
0  8.9 
0  3.6 
0  8.3 

27.8 
25. 
2'2.7 
20.6 

600 
500 
499 
499 

3    11  5 
2   51  67 

2    36  18 
2   88  16 

RAILWAY  SUBVEYINQ. 


361 


HsTing  now  given  several  methods  by  one  or  other  of  whieh 
all  curves  may  be  correctly  set  ont,  the  object  of  my  paper  has  been 
satisfied.  I  might  have  gone  at  some  length  into  the  absolute  ne- 
cessity for  all  curves  to  be  truly  tangential  to  the  straight  worlc,  as 
well  as  to  ea^h  other  ;  the  j)raetieal  tests  that  are  required  when 
working  from  an  incorrect  map  (altliougli  a^  a  surveyor  I  am  bound 
to  sn  V  the  map  should,  in  all  cases,  and  for  many  reasons,  be  a  very 
good  (Hie,;  but  T  have  felt  that  1  could  not  do  so  without  n-oing  still 
further,  and  perlecting,  what  is  not  at  all  intended,  a  complete  trea- 
tise on  the  subject.  I  venture  to  suggest  that  much  future  eco- 
nomy always  depends  upon  the  manner  in  which  the  curves  of  a 
railway  are  originally  laid  out ;  to  say  nothing  of  the  jerks  and  un- 
pleasant oscillations  to  which  the  passengers  arc  subjected  if  they 
are  untrue,  or  the  danger  by  that  means  incurred. 

As  soon  as  the  line  is  set  out,  a  square  peg,  about  two  and  a.  half 
mches  in  section^  and  two  feet  long,  should  be  driven  into  the 
ground  about  twenty  indies,  at  intervals  of  a  chain,  very  carefully 
and  correctly  measured  from  one  of  the  termini,  and  between  each 
of  these  pegs  a  triangular  sod^  about  ten  inches  wide,  should  be  cut 
out,  and  this  is  what  is  called  *^  nicking  out.** 

I  should  observe,  that  at  the  tangent  points  of  the  corves  a  peg 
should  be  driven  in,  although  they  may  not  fikU  at  an  equal  chain's 
length ;  and  to  secure  the  certainty  of  finding  the  exact  point  at  a 
future  occasion,  a  peg  should  be  driven  into  some  place  where  it 
may  remain  undisturbed,  on  either  side  of  the  line,  directly  at  right 
angles  with  the  tangent. 

When  the  Ime  is  stumped  and  nicked  out,  we  prepare  for  making 
the  Working  Section,"  by  driving  into  the  ground  by  the  side  of 
each  of  the  chain  stumps  a  peg  for  tiie  levelling  staff  to  stand  upon. 
These  pegs  should  be  about  fifteen  inches  long  and  two  and  a  half 
inches  square,  and  should  be  driven  into  the  ground  level  with  the 
surface. 

The  levels  are  then  minutely  taken  at  each  cluun,  or  oftener  if 
any  variation  in  the  ground  betv-r  en  the  chain  pegs  require  it,  and 
for  the  purposes  of  the  method  I  am  about  to  describe  for  settmg 
out  the  slopes,  a  reading  should  be  also  obtained  from  the  staff, 
held  at  fifty  links  firom  the  centre  peg  on  either  side  of  the  line. 
This  extra  reading  furnishes  the  rate  of  inclination  per  chain  of  the 
cross  section.  What  are  called  permanent  posts,  for  B.  Ms.  of  refe- 
rence during  thd  execution  of  the  works,  dbould  be  fixed  at  inter- 
vals, as  the  leveling  proceeds  in  situations  not  likely  to  be  dls- 
tui-beil.  They  may  be  about  four  feet  in  length,  should  be  hooped 
at  top  to  prevent  them  from  splitting,  and  should  have  an  iron  plate 
z 
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on  the  top  of  them  for  the  staff  to  stand  upon.  To  theee  B.  Ms* 
the  levels  must  be  very  accurately  proved.  Plate  11  is  a  specimen 
of  a  working  section. 

When  the  workmg  section  is  completed,  the  gradients  may  be 
carefully  laid  on.  Two  lines  will  be  reqnired  to  be  drawn  upon  the 
section :  the  upper  one  represeudng  the  top  sor&oe  of  rails  wben 
laid,  and  the  lower  one  exactly  two  feet  below  Ihe  other  one, 
the  line  whidi  is  called  the  Formation  Level,**  that  is  the  line  to 
which  the  cuttings  and  embankments  have  to  be  construoted. 

Engineers  generally  insert  upon  their  woiking  sections  two  sets 
of  figures — some  shewing  the  height  of  the  formation  leyel  at  every 
chain  above  the  datum  line,  and  the  depth  of  cutting  or  height  of 
embankment;  others  shewing  tiie  heights  of  the  level  pegs  above  the 
datum  line  at  the  sor&ce  of  the  ground,  and  the  depths  of  cuttings 
or  height  of  embankments.  In  my  opinion,  the  section  should  ex- 
hibit Si  three,  viz.,  first,  the  height  of  the  sur&ce  peg  above  the 
datum  line ;  secondly,  the  height  of  the  formation  level  above 
datum  at  every  chain,  arrived  at  by  calculation ;  and,  thirdly,  the 
depth  of  cutting  or  hdight  of  embankment,  arrived  at  by  the  sub* 
traction  of  the  first  and  second  row  of  figures,  the  one  from  the 
other. 

On  Setting  out  tlie  Widths  of  Ground  required  for  the  Works  of  a 

Bathoay  or  Camd,  Sfc 

I  shall  give  Lwu  methods  of  setting  out  slopes.  The  first  will 
be  the  same  as  given  in  Simms^  Levelling.  The  second  is  extracted 
from  Tables  pubHshed  by  myself,  under  the  title  of  the  Civil 
EnijitiecTs  and  Surveyors'  AssistatU,  in  setting  out  Slopes,  Curves, 
Cutting  Si  and  Embankments, 

MB.  SIMMS'  METHOD. 

Wheni  the  natural  surface  of  the  ground,  both  longitudinally  and 
transversely,  is  upon  the  same  level  as  that  of  the  intended  works, 
the  process  of  setting  and  staking  out  the  widths  is  very  simple. 
Let  us  take,  for  example,  the  case  of  a  railway,  the  base  or  bottom 
width  of  which,  when  prepared  finr  the  reception  of  the  ballasting 
and  permanent  way,  is  to  be  36  feet;  the  ratio  of  the  inclination, 
or  batter,  of  the  slopes  to  the  heights,  both  in  the  cuttings  and  the 
embankments,  to  be  2  to  1 ;  beyond  which,  or  at  the  outward  edge, 
a  slip  of  land  12  feet  wide  is  to  be  taken  on  each  side  of  the  nul- 
way  for  the  fences,  &c.  First,  the  centre  line  must  be  staked  out 
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and  carefully  levelled :  it  Is  customary  to  drive  a  stake  about  2  feet 
long,  and  about  1|  inches  square,  into  the  ground  at  each  chain's 
lengthy  tKeir  tops  to  be  upon  the  fair  level  of  the  natural  surface, 
thus  affinrding  good  stations  for  the  levelling  staves  to  be  held 
upon ;  the  r^tive  level  of  each  stake  being  then  very  9<MJurately 
determined  with  respect  to  some  given  datum,  they  become  so 
many  zero  points  for  reference  in  the  subsequent  operations.  From 
eaeh  of  the  centre  stakes  a  line  must  be  set  out  on  both  sides^  and 
at  right  angles  to  the  centre  line,  or  at  right  angles  to  a  tangent  to 
the  centre  line  at  that  point,  if  the  centre  line  be  curved;  upon 
these  transverse  lines  the  required  widths  of  land  must  he  set  out 
Now,  if  the  ground  at  any  of  fcbe  centre  stakes  is  upon  the  same 
level  as  the  intended  base  of  the  railway,  nothing  more  will  be  re- 
quired than  to  measure  on  each  transverse  line,  and  in  both  direc- 
tions ftom  the  centre  stake,  one-half  the  required  width,  which,  in 
our  supposed  case,  is  18  feet  for  the  half  width  of  the  railway,  and 
12  feet  for  the  fences,  in  all  30  feet  on  each  side  of  the  centre. 
But  when,  as  it  mostly  happens,  the  ground  is  not  on  the  proposed 
level  of  the  railway,  die  operation  is  not  quite  so  simple;  and  if, 
in  addition  thereto,  the  ground  slopes  sidewise  or  at  right  angles  to 
the  general  direction  of  the  Hne^  the  business  is  still  more  compli- 
cated, and  requires  some  skill  and  <are  to  do  the  work  correctiy. 
The  method  of  doing  this  is  our  business  to  explain. 

The  next  most  simple  case  to  the  above  is  when  the  cross  sec- 
tion of  the  ground  is  horizontal,  be  the  depth  of  catting  or  height 
of  embankment  what  it  may. 

This  is  shewn  in  fig.  173A,  which  represents  a  cross  section 
of  a  20  feet  cutting  vc^ith  slopes  of  two  horizontal  to  one  per- 
pendicular. The  horizontal  line  at  A  B  right  angles  to  tiie 
centre  line  represents  the  natural  surface  of  the  ground.  Under 
these  circumstances  it  will  readily  be  seen  that  the  half  width  of 
the  cutting,  or  the  distance  from  tlie  centre  to  the  edge  of  the 
slopes  C  and  D,  equals  the  lialf  width  of  the  ba^e  (18 )  added  to  the 
batter  of  the  sloping  sides  (40),  and  including  the  1  2  feet  for  the 
fences,  the  total  half  width  of  land  required  for  the  purposes  of 
such  railway  would  be  18  +  40  ■  12  ^  70  feet,  and  consequently 
the  whole  required  width  to  be  so  appropriated  and  fenced  in  for 
a  20  feet  cutting  or  embankment,  when  the  ground  does  not  slope 
sidewise,  would  be  140  feet. 

The  next  and  more  compUcated,  and  also  the  most  frequently 
occurring  case,  is,  when  the  cross  section  of  the  natural  surface 
18  not  horizontal,  as  shewn  in  the  annexed  diagram,  which  also 
represents  a  cutting  of  20  feet 
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Let  the  line  A  B  represent  a  homontal  line,  pasamg  thnnigli 

the  centre  line  C  of  the  railway,  which,  if  it 
coincided  with  the  surface  of  t!ie  ground 
would  give  A  C  and  C  B  r^acli  lialf  width) 
70  feet,  as  in  the  former  example,  the  depth 
of  ctitting  and  the  slopes  being  assumed  ihe 
same. 

Let  the  line  E  H  represent  ihe  natural 
snr&ce  of  the  ground  upon  this  transverse 
section  ;  it  will  readily  be  perceived  that  the 
real  half  widih  CE  (on  the  left  of  the  diagram) 
is  much  shorter  than  the  horizontal  or  com-' 
puted  half  width  A  C,  because  the  ground- 
line  is  depressed  on  that  side  of  the  centre; 
likewise  the  half  width  C  H  on  ihe  other  side 
of  the  centre  is  greater  tKan  ihe  said  horizon- 
tal or  compated  half  width,  because  the 
ground  is  ihere  elevated  above  the  horizontal 
line  A  6  passing  through  the  centre.  To  de- 
termine exaetfy  the  distances  C  E  and  0  H 
in  actual  operations  in  the  field,  would  be 
attended  with  some  diffieully,  and  consume 
much  time;  but  the  following  method,  which 
at  the  same  time  that  it  gives  a  sufficiently- 
correct  approximation  in  practice,  is  alao  a 
very  expeditiouv^  one. 

Let  us  suppose  that  the  point  E  or  dis- 
tance C  E  be  known,  and  that  with  a  spirit 
level  we  determine  the  difference  of  level 
between  the  points  C  and  E,  this  difference 
is  represented  by  the  line  E  F,  which  sup- 
pose to  he  one  foot ;  now  we  have  a  small  right  a,ngled  triangle 
A  E  F,  of  which  E  F  is  determined,  being  the  diSerence  of  level 
(one  foot  j,  and  ihe  slope  or  ratio  of  A  F  to  E  F  also  given,  (2  to 
1,)  therefore  the  side  A  F  is  known  (2  feet,)  which  subtracted  from 
ihe  computed  half  width  A  G,  leaves  FC  approximately  equal  to 
£  0,  ihe  required  half  width,  sufficientlj  exact  for  all  practical 
purposes,  where  the  cross  section  of  the  ground  does  not  differ 
materially  from  a  horizontal  line. 

We  have  been  supposing  that  the  point  £  is  known,  whereas 
that  point  is  the  object  of  our  eearch;  in  practice,  tiierefore,  we 
proceed  thus : — take  the  computed  half  width,  and  if  ihe  ground  is 
depressed,  let  a  levelling  staff  be  held  somewhat  nearer  the  point  C 
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than  the  said  computed  half  width,  for  a  £rtit  approximatioii  to  the 
point  E ;  then  detennine  the  Hfference  of  level  between  this  as^ 
sumed  point  and  the  centre  point  C,  multiply  this  difference  of  level  by 
the  ratio  of  the  elopes,  (which  doubles  it  w  hen  the  slope  is  2  to  1,)  and 
subtract  the  result  from  the  computed  htUf  width,  whicb  gives  a 
more  correct  approximation  to  the  point  E ;  now  hold  the  staff  at 
this  new  point  and  find  the  difference  of  level  as  heforc  ;  again  mul- 
tiply by  the  ratio  of  the  slopes,  and  deduct  the  result  from  the 
computed  half  width,  which  second  result  will  in  most  cases  be 
suiHcileDtlY  near  the  real  half  width  for  a  depressed  line  tor  allpraC' 
tical  purposes. 

Example, — Central  height  (or  depth  of  cutting),  20  feet,  slopes 
2  to  1,  base  36  feet,  the  computed  half  width  was  therefore  58  feet ; 
the  ground  being  depressed,  we  estimated  that  the  point  E  might 
fall  short  of  the  computed  half  width  2  feet ;  we  tlierefore  directed 
a  levelling  staff  to  he  held  at  56  feet  from  the  centre  Hue  (or  stake) 
C,  at  which  point  another  staff  was  held,  and  by  iiiijan;>  of  a  spirit 
level  set  up  at  a  convenient  distance,  we  found  the  diflcrence  of 
level  between  these  points  to  be  0-87  I'cct,  which  multiplied  by  the 
ratio  of  the  slopes  2  to  1,  gave  1*74  feet  to  be  subtracted  from  the 
computed  half  width  5S  feet,  leaving  56*26  feet  for  a  first  approxi- 
mation to  the  half  width  C  E  (see  last  diagram.)  Now,  upon  re- 
moving the  staff  to  this  new  point,  the  difference  of  level  was  again 
taJcen,  (or  rather  we  should  say  tliat  the  staff  was  again  read  off  as 
the  level  had  not  been  disturbed,)  and  found  to  be  0*91  feet,  which 
also  multiplied  by  the  ratio  of  the  slopes  (2  to  1),  gave  1*82  feet  to 
be  subtracted  from  58  feet,  leaving  56*18  for  the  second  approxi- 
mation, and  which  was  adopted  as  the  correct  half  width  for  the 
depressed  side  of  the  centre ;  indeed,  in  such  a  case  as  is  above 
^ven,  where  the  ground  is  so  nearly  horizontal,  the  first  approxi- 
mation (taken  by  a  person  after  a  little  practice)  may  be  assumed 
as  the  correct  result,  for  in  the  above  example  it  differed  but  '08 
from  the  second  determination,  and  if  it  had  been  taken  a  third 
time,  it  could  not  have  been  more  accurate  as  far  as  practice  is  con- 
cerned: this,  however,  is  not  the  case  where  the  inclination  or  slope 
of  the  ground  is  considerable,  for  then  (if  this  method  be  followed) 
several  approximations  will  be  necessary  to  bring  the  result  within 
admissible  limits. 

When  the  ground  is  elevated  above  the  horizontal  line,  as  shewn 
on  the  right  hand  of  the  diagram,  the  mode  of  procedure  will  some- 
what differ:  thus,  instead  of  holding  the  staff  and  finding  the  dif- 
ference of  level  at  a  less  distance  than  the  computed  half  width,  it 
must  be  held  at  a  greater  distance  to  obtain  the  point  U  by  approxi- 
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mation,  tlie  differenee  of  level  between  that  pmnt  and  the  centre 

point  C  being  equal  to  H  I,  and  rault^fied  by  the  ratio  of  tbe 
elopes  will  give  the  distance  B I  to  be  added  to  the  computed  half 
width  C  to  obtain  the  half  width  C  H ;  this  may  likewise  be  re- 
peated to  obtain  a  more  correct  result  as  described  for  the  other, 
or  depressed  side  of  the  centre  C.  It  will  also  here  be  obvious  to 
a  y)erson  possessing  but  the  small  es^t  share  oi"  mathematical  know- 
ledge, that  this  result  is  not  strictly  correct,  inasmuch  as  the  line 
C  H  can  never  be  equal  to  C  I,  but  for  practiml  purpoges  it  is,  as 
before  observed,  sufficiently  correct.  It  may  not  !  »e  iilliij^i  ilier  un- 
necessary to  observe,  in  this  place,  that  the  corrections  13  1,  &0., 
as  shewn  in  the  foregoing  diagrams,  are  much  exaggerated,  being 
far  greater  in  proportion  to  the  computed  half  width  C  B,  thaa 
ever  occurs  in  ordinary  practice,  but  this  has  « 
been  done  to  make  our  explanations  more 
distinct  than  otherwise. 

The  above  particulars  have  been  cunfincd 
to  the  case  of  excavations ;  we  must  now 
shew  in  what  the  process  differs  when  the 
ground  is  to  be  covered  with  an  embank- 
ment. 

By  reyersing  %.  173A^  it  then  represents 
an  embankment  The  rule  for  finding  the 
half  width  for  an  embankment  where  the 
transverse  section  of  the  groond  is  horizontal, 
remains  the  same  as  for  the  euttings  under 
like  circnmstances,  as  may  be  seen  by  an 
inspection  of  the  inverted  figure,  but  upon 
inverting  the  second  diagram,  it  will  at  once 
be  seen  that  some  variation  in  the  process  is 
required.   Thus : —  ^^...30...^  v 

The  horizontal  line  is  represented  by  that 
marked  A  B  ;  C  D  and  C  F  the  computed 
half  widths ;  C  E  the  required  half  width  on 
the  depressed  ade,  and  C  H  the  required 
half  width  on  the  elevated  side,  the  line  K  L 
representing  ihe  natural  sur&oe  of  the 
ground.  In  the  csm  of  an  excavation,  we 
have  shewn  that  the  r^a^  half  width  is  greater 
on  the  elevated  side  than  the  computed  half 
width,  and  less  on  the  depressed  ride;  but  it 
will  be  seen  by  the  diagram  that  for  an 
embankmentthe  real  half  widths  are^on  the 
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elevated  Bide,  and  f/reater  on  the  depressed  side  than  the  said  oom- 
pntcd  half  widths;  therefore,  in  determinini:^  the  approximate 
place  of'  tlie  point  E  on  the  depressed  side  for  an  einbaiikment, 
the  statt  must  he  li.  Id  further  from  the  (Centre  than  the  computed 
half  width ;  and  tor  the  point  H  or  the  elevated  side,  it  must 
be  held  nearer  to  the  centre  than  the  computed  lialf  width :  and 
finally,  for  computing  the  real  half  widths  from  the  diticrcnces  of 
level  between  the  points  E  and  the  centre,  and  TI  and  the  centre, 
on  the  depressed  side  the  difference  of  level  multiplied  by  the  ratio 
of  the  slopes  is  to  be  added  to  the  computed  half  widths  to  obtain 
the  point  and  to  be  subtracted  from  the  oomputed  half  widths  to 
obtain  the  point  H. 

The  process  above  described  may  appear  to  the  reader  a  very 
tedious  one  ;  it  perliups  is  so  to  read,  but  a  little  practice  will 
convince  him  that  it  is  a  very  expeditious  method,  for  in  most 
cases  one  settuig  up  of  Hie  level  will  answer  {m  several  stations, 
and  the  mnltiplioations  hj  the  ratio  of  the  slopes  upon  such 
small  numbers  as  mostly  occur  is  easily  performed,  espedally 
if  it  be  an  even  number  as  2  to  1.  The  columns  of  the  Field 
Book  may  be  arranged  as  in  the  following  example  for  making 
the  calculations  in  the  field,  or  may  be  abridged  to  suit  a  more 
oonyenient-flized  book  for  the  pocket,  at  the  pleasure  of  the 
surveyor;  indeed,  all  that  can  be  accomplished  now  of  this  kind  is 
to  give  general  rules  which  can  he  altered  and  arranged  to  suit 
the  convenience  of  the  surveyor,  as  experience  may  point  out  a 
more  suitable  mode  of  proceeding.  The  example  is  taken  from  an 
extensive  field  operation  by  the  writer,  and  shews  the  work  both 
ifor  a  cutting  and  an  embankment;  the  change  firom  one  to  the 
other,  or  the  tailing  out  of  the  cutting,  as  it  is  called,  being  in- 
cluded therein,  ^e  slope  of  the  cutting  is  calcukted  at  H  to  1, 
and  that  of  the  embankment  at  2  to  1.  The  width  of  the  railway 
was  36  feet,  consequentiy  half  the  said  width  was  18  feet. 
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The  first  columa  contains  the  number  of  tlic^  central  stakes 
reckoned  from  the  commencement  of  the  .work,  whioh  are  couve« 
nient  for  reference. 

The  second  column  contains  the  depth  of  cutting  or  the  height 
of  embankment^  as  the  case  may  be,  at  that  point  on  the  centre 
line. 

The  third  column,  the  computed  half  widtii  from  the  centre  line 
to  the  edge  of  the  cutting,  or  foot  of  embankment,  upon  the  sup- 
position <iat  the  ground  is  horizontal  at  right  angles  to  the  centre 
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line,  this  balf  width,  as  before  explained,  is  found  by  multiplying 
the  central  height  by  the  ratio  of  the  slopes,  and  adding  to  the 
product  linlf  the  width  at  the  base  of  the  rnilway. 

The  tburth,  fifths  and  sixth  columns  c<)Tjt;iin  the  readings  from 
the  levelling  staves  at  the  centre  stake,  and  at  the  spprozimate 
points  E  and  H,  (see  last  diagram.) 

The  seventh  and  eighth  columns  contain  the  differences  of  level 
between  the  centre  stake  and  the  above  approximate  points.  These 
numbers  are  simply  the  differences  of  the  quantities  in  the  three 
preceding  columns,  (except  at  stakes  286  and  290,  which  we  shall 
presently  explain,)  and  the  signs  +  or  —  denote  whether  they  are 
positive  or  negative  quantities  as  respects  the  centre,  and  the 
approximate  points  E  and  H. 

Hie  ninth  and  tenth  oolumns  contain  the  difierences  of  level 
(oontamed  m  columns  7  and  8)  multiplied  b7  the  ratio  of  the 
slopes,  and  must  have  the  same  »gns  +  or  ~  as  the  corresponding 
numbers  in  the  preceding  columns. 

The  last  two  columns  contain  the  final  half  widths^  obtained  hj 
adding  or  subtracting,  according  to  the  prefixed  signs  +  or  the 
numbers  in  the  two  preceding  columns  to  the  computed  half  width 
contained  in  column  3. 

After  the  explanations  ahready  given,  the  reader  can  find  no 
difficulty  in  tracing  the  steps  of  the  example,  except  perhaps  with 
the  stakes  286  and  290,  where  the  difference  of  level  on  the  north 
side  is  represented  by  two  numbers  bracketed  tegether,  one  having 
the  sign  -f  and  the  other  — ;  for  the  stake  286  the  real  difference 
of  level  on  the  north  side  the  centre  is  a  rise  of  1  '50,  that  is,  the 
approximate  point  H  is  1*50  feet  above  the  centre  stake :  but  it 
happens  that  the  height  of  the  embankment  itself  at  that  point  is  to 
be  but  1*43  feet  (column  2) ;  therefore  the  approximate  point  H  is 
above  the  intended  top  of  the  embankment,  and  consequently  will 
not  represent  the  fl^ot  of  an  embankment,  but  the  edge  of  a  cutting, 
and  therefore  the  calculation  for  the  half  width  on  the  north  side, 
must  he  treated  as  for  a  cntting  whose  depth  is  equal  to  the  heujht 
of  the  approximate  point  11  above  the  intended  top  of  the  ernbankjnent 
or  in  other  words,  the  excess  of  the  difference  of  level  between  the 
centre  stake  and  the  approximate  point  H,  above  the  intended 
height  of  the  embankment,  is  the  quantity  to  be  entered  in  the 
column  (7  or  8)  "difference  oi  level,"  and  to  be  computed  as  for  a 
cutting  instead  of  embankment.  In  the  case  of  stake  286  this  ex- 
cess is  0*07,  to  which  is  prefixed  the  sign  plus;  this  sum  multiplied 
by  the  ratio  of  the  slope  being  additive  (for  a  cutting)  on  the  ele- 
vated side  of  the  centre,  as  before  explained. 
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For  the  stake  290,  the  north  side  of  the  line  (oolumn  6)  is  1'34 
higher  than  the  centre  stake,  aud  ii  being  embankment,  would 
have  the  sign  —  prefixed  (as  shewn  by  the  lower  number,  column 
8) :  but  the  central  height  of  the  embankment  at  that  point  is  but 
1-22  (column  2) ;  tkerefore,  1-34  —  1-22  =  0«12,  wMch  istbe  depth 
of  cutting  on  the  elevated  side,  and  wben  multiplied  by  the  ratio  of 
the  slopes,  is  to  be  added  to  the  computed  half  width  to  obtain  the 
correct  result.  When  the  sut&oe  of  the  ground  is  much  inclined 
at  right  angles  to  the  centre  line,  the  numbers  to  be  operated  upon 
become  proportionally  large. 

As  it  is  a  case  of  frequent  occurrence  that 
one  side  will  be  a  catting  when  the  other  is 
an  embankment,  we  wish  it  to  be  well 
understood,  and  therefore  annex  the  follow- 
ing diagram  to  illustrate  it. 

The  line  F  G  represents  the  natural  sur- 
&oe  of  the  ground,  A  B  the  horizontal  line 
at  the  centre  stake,  C  D  the  intended  hdght 
of  the  embankment,  K  L  the  width  or  base 
of  the  railway,  36  feet,  part  of  which  is  an 
^bankmrat  and  part  in  cuttin  j?:  the  point  E, 

or  foot  of  the  embankment  will  he  determined 

in  the  usual  way,  as  explained  at  page  368  ; 

but  the  point  H,  which  is  to  be  the  edge  of 

the  cutting,  must  he  found  by  subtracting 

D  C  (the  height  of  embankment)  from  H  I 

(the  diiri'erence  of  level,)  the  remainder  II  M, 

(which  is  the  excess  of  the  difference  of  level 

between  the  centre  stake  and  the  approximate 
point  H  above  the  intended  height  of  emhonk" 

menty)  multiplied  into  the  ratio  of  the  slope, 

mu&t  be  added  to  the  computed  half  width, 

or  in  other  words,  treated  aa  for  a  catting,  to 

obtain  the  said  point  H  as  before  stated.  By 

reyersing  the  diagram,  the  oorrespondiDg 

case  will  become  CTident,  namely,  when  the 

centre  line  is  in  cutting,  and  one  dde  on  em- 
bankment, while  the  other  is  in  excavation, 

and  the  mode  of  proceeding  will  at  once 

strike  the  reader  after  perusmg  what  we 

have  above  written. 
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It  will  be  observed,  that  the  preceding  method  is  somewhat  com- 
plex and  tedious,  unless  to  the  practised  surveyor.  Inconsequeace 
of  this^  some  few  years  ago,  I  turned  my  attention  to  the  oompn- 
tation  of  a  series  of  Tables  which  should  obviate  this  and  comHne 
other  advantages. 

The  first  information  required  under  my  system  is,  the  rate  of 
inclination  per  chain  of  the  cross  section.  This  has  ahready  been 
directed  to  be  taken  while  levelling  for  the  working  section,  when 
it  will  be  found  to  occupy  but  very  little  time.  The  whole  work 
is  then  done  in  the  office,  with  the  exception  only  of  measuring  out 
the  widths,  which  can  be  done  by  a  surveyor  of  very  limited 
experience* 

I  append  Examples  of  the  Tables,  and  of  their  use  in  Setting 
out  Slopes,  as  well  as  a  Spedmen  of  the  Field  Book  suited  to 
l^em.  It  is  hardly  necessary  to  say  that  columns  one,  two,  three, 
four,  five,  and  six,  are  taken  from  the  working  section;  that  seven 
is  computed;  and  that  eight  and  nine  are  thr  tabulated  results. 
And  as  these  tabulated  widths  are  given  in  links,  they  are  more 
readily  set  out  on  the  ground  with  a  chain ;  they  are  easily  set  off 
on  the  plan  by  the  scale  with  which  the  plan  has  been  plotted ;  and 
the  quantity  of  land  required  for  the  railway  is  shnply  and  cor- 
rectiy  computed.  On  the  contrary,  the  system  in  general  use 
gives  the  width  of  the  railway  only  on  the  ground,  from  which  it 
has  to  be  measured  before  it  can  be  laid  off  on  the  plan. 

JExplanaHon  of  the  Tables  far  Setting  out  Slopes, 

Ab^— Li  these  Tables  fractional  parts  of  feet  are  not  given  in 
treating  of  the  depth  of  cuttings  or  height  of  embankments ;  it  is 
considered  sufficientiy  accurate  in  practice,  when  those  decimals  do 
not  amount  to  half,  to  reject  them  altogether ;  when  they  do,  to 
add  one  to  the  integer. 

The  columns  of  widths  in  links  have  been  prepared  by  the  same 
rule;  and  it  may  be  well  to  observe,  that  these  distances  refer  to 
horizontal  measure. 

If  any  case  should  occur  exceeding  the  greatest  depth  of  cutting 
or  height  of  embankment  ^ven  in  the  Tables,  it  is  eaoly  obviated 
by  taking  tiie  half,  and  doubling  the  result. 

The  Tables  have  aU  been  calculated  by  the  application  of  loga- 
rithms to  trigonometry,  and  are  consequentiy  of  the  most  accurate 
solutions. 
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Case  1. — When  the  surface  of  the  land  across  the  railway  is  level, 

and  the  work  is  a  cutting  or  embankment. 

Let  fig.  represent  the  cross  section  of  a  railway  m  a  cutting; 
the  depth  A  B  at  the  centre  peg  A  being  40  feet,  the  width  of 
the  permanent  way  D  G  30  feet,  and  the  ratio  of  the  base  to  the 
.slope  1|  to  1 ;  required  the  widths  A  E  and  A  ^  on  either  side 
the  centre  peg  A  ? 

First,  find  the  distance  B  C  by  conipjiring  the  ratio  of  the  slope 
with  the  half  width  of  the  permanent  way  B  G  or  B  D, 

As  H  :  1  : :  B  a  15  ft.  :  BO  =  10  ft 

tuid  B  C  being  added  to  A  B,  we  have  a  total  depth  of  50  feet  to 
the  point  at  which  the  slopes  would  intersect  thenaselves  and  the 
Tertical  line  A  C»  and  form  the  triangles  ACE  and  A  C  F. 

A  G  ss  50  feet  depth  of  cutting  hecomes  the  reference  to  the 
Tables,  under  which,  and  the  slope  of  1^  to  1,  and  opposite  level, 
we  have  114  links  on  either  side^the  widths  required. 

Case  2. — When  the  surface  of  the  ground  across  the  railway  is 
not  level,  and  the  work  a  cutting  or  embankment  : 

Let  fig.  173c  represent  the  cross  section  of  a  railway  in  a  cutting; 
the  depth  A  B  being  40  feet,  the  width  of  way  D  G  28  iect,  the 
ratio  of  the  base  to  the  slope  2  to  1,  and  the  rise  per  chain  in  the 
cross  section  E  A  F  4'.3  feet ;  rcc^uired  the  widths  A  E  and  A  F 
on  either  side  the  centre  peg  A  ? 

Proceed  as  lu  the  last  case  to  find  B  C 
A82:l::Bai4ft.:BCs7ft 

AB=40  +  BC  =  7  =  AC47  feet. 

In  the  page  of  the  Tables  headed  Depth  of  Cutting  47  feet, 
under  slope  2  to  1,  and  opposite  the  rise  of  4*5  feet  per  chain, 
stands  the  required  widths,  165  and  125  links  respectivelj. 

Oase  8. — ^When  the  surface  of  the  land  across  the  railway  is  not 
level,  but  when  the  centre  of  the  railway  is  neither  cutting  nor 
embankment: 

Let  fig.  llSd  represent  the  croes  section  of  a  railway  in  which  the 
width  of  way  D  G  is  30  feet ;  theratio  of  the  slope  1  to  1 ;  and  the 
rise  per  chain  in  the  cross  section  E  A  F  5  feet ;  requbed  the  widths 
A  E  and  A  F  on  either  side  the  centre  peg  A? 
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Find  AC  «ABas before. 
As  1 :  1 ::  AD  or  AG  s  15  feet :  AC  or  AB  « 15  feet 

In  the  page  of  the  Tables  headed  Depth  of  Cutting  or  Height 
<rf  Embankment  15  feet,  under  slope  1  to  1,  and  opposite  rise  per 
chain  5  feet,  is  24  links;  the  greater  Avi fit! i,  which  is  here  required 
on  both  sides,  being  the  lower  side  oi'  an  embankmentj  and  the 
higher  of  a  cutting. 

Chse  4. — ^When  the  sur&ce  acroes  the  railway  is  not  of  one  uni- 
form inclination  on  either  side  the  centre  peg: 

Let  fig.  173e  represent  the  cross  section  of  a  railway  embankment^ 
the  height  A  B  bdng  20  feet;  D  G  30  feet ;  ratio  of  the  base  to 
the  slope  1(  to  1 ;  and  the  rise  per  chain  in  the  cross  section  E  A 
4.5  feet;  and  AF  7  feet;  required  the  widths  AE  and  A  F  on 
^ther  side  the  centre  peg  A? 

Find  B  C  as  before, 

Asl^:  l::BGl5feet:BC  lOfeet 

AB  20  plus  B  C  10  =  A  C  30  feet. 

In  the  page  of  the  Tables  representing  Height  ot  Embankment 
HO  feet,  under  slope,  1^  to  1,  and  opposite  a  rise  of  4 .  5  per  chain, 
we  have  the  lesser  width  A  E  62  links,  and  farther  down^  opposite 
a  rise  of  7  feet  per  chain^  we  have  the  greater  side  A  F  81  links. 
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SPECIMEN  OF  FIELD  BOOK  FOR  SETTING  OUT  SLOPES. 

REMARKS. 

See  case  1. 
See  case  2. 
See  case  3. 

V  See  case  4. 

WIDTHS 
TAKES 
FROM  THE 
TABLES. 

Links* 

>-0                    1  r-l 

»-i    <M             1  00 

Links. 

«0     'i*       «  1 
rH      <o               CO  1 

»H  l-H 

COMPUTED 
DBPTH 

OR 
HEIGHT 

ENCE  TO 
TABLES. 

Feet. 

O      l>  o 
U3               tH  00 

RISB  PER 

CHAIN 
IN  CROSS 
SECTION. 

Feet. 

/  *  » 

^  ^  ^  l^'l^' 

RATIO 

OF 
SLOPES. 

rH       r-l       rH  r-t 

S    3    3  S 

1H      0^      IH  l-H 

WIDTH 

OF 

WAY. 

Feet. 

O     00     o  o 
CO      CM      CO  CO 

w  s  «  S  fa  5  i 

f<  r  S  2  o  2  a 

si  s°ai 

1 

§      §      ®  § 

s  <^ 

g   5  S 
S  1 

Embankment  .  .  . 

DISTANCE 
ON 

■D  A  T  T  W  A  V 
lvA.1  JjW  &  1  . 

Miles.  Ftir.  Ch. 

11    2  5 
15    1  8 

19     0  6 

19     7  4 
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SPEOIMEX  OF 

TABLES   FOE  SETTING  OUT  SLOPES. 


DEPTH  OF  CnjTTINO  OB  HEIGHT  OF  EBIBANEMENT. 


15  Feet. 


8lOFB  1  TO 

L 

Slops  1^  to  1. 

Slops  2  to  L 

RISE 
per 

Chain 
in  Feet. 

Required 
Widths, 

in 
Links. 

RISE 
per 

Cnain 
in  Feet. 

Required 
Widths, 

• 

m 
Links. 

RISE 

per 
Chain 

in  Feet 

Required 
Widths, 

in 
LinkB. 

Level 

23 

23 

Level 

84 

34 

Level. 

45 

45 

.5 
1. 
1.5 
2. 
2.5 

SSI 
23 
23 
23 
23 

22 
22 
22 
22 

.5 
1. 
1.5 
2. 
2.5 

aft. 

35 
35 
35 
36 

33 
33 
32 
32 

.5 
1. 

1.5 

2. 

2.5 

V> 

47 
47 
48 
49 

A.K 

44 
43 

4a 

42 

3. 

3.5 

4. 

4.5 

5. 

iA. 

24 
24 
24 

24 

21 
21 
21 

21 

3. 

3.5 

4. 

4.5 

5. 

OD 

37 
37 
38 
88 

32 
31 
31 
31 
30 

3. 

3.5 

4. 

4.5 

5. 

5(.> 
51 

52 
53 

42 
41 
40 
40 
39 

5.5 

6. 

6,5 

7. 

7.5 

25 

OAT 

25 
25 
26 

21 
2Si 

20 
20 
20 

5.5 

6. 

6.5 

7. 

7.5 

39 
39 

40 
40 
41 

30 
30 

29 
29 
29 

5.5 

6. 

6.5 

7. 

7.5 

64 
55 
56 
67 
58 

39 
38 
38 
37 
37 

ft  K 

8.5 
9. 
9.5 
10. 

26 
26 
26 
26 
27 

20 

20 

20 
20 
20 

o 
o. 

S.5 

9. 

9.5 

10. 

41 

42 
42 
43 
44 

29 

28 
28 
28 
28 

Q 
O. 

8.5 
9. 
9.6 
10. 

60 

CI 
e;2 
64 
65 

86 

3G 
35 
35 
35 

10.5 

IL 

11.5 

12. 

12.5 

27 
27 
27 

28 
28 

19 
19 
.19 
19 

19 

10.5 

IL 

11.5 

12. 

12.5 

45 
46 
47 
47 

27 
27 
27 
27 
26 

10.5 

11. 

11.5 

12. 

12.5 

GG 
f;8 
70 
71 
73 

34 
34 
34 
33 
38 

13. 
13.5 

14. 

14.5 

16, 

28 

28 

29 
29 
29 

19 
19 
19 
19 
18 

13. 

13.5 

14. 

14,5 
15. 

48 
49 
50 
51 
51 

2G 
26 
26 
25 
25 

13. 

13.5 

14. 

14.5 

15. 

76 
77 

79 
81 
S3 

32 
32 

32 
31 
31 
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SPECIMEN 

OF 

TABLES  FOE  SETTING  OUT  SLOPES. 

DEPTH  OF  CDTTSira  OB  HEiaHT  OF  EMBANKMENT. 

30  reet 

SlOFB  1  TO 

1. 

SiA>vm  1|  TO  1. 

Slops  S  to  1. 

BISE 

Bequired 

RISE 

Required 

RISE 

I 

Required 

per 

"Widths, 

per 

Widths, 

per 

Widths, 

Chain 

In 

in 

Chain 

in 

in  Feet. 

Links. 

in  Feet. 

links. 

in  Feet. 

45 

46 

68 

68 

jjevei 

91 

91 

»o 

46 

A  ^ 

4:0 

69 

67 

92 

89 

46 

46 

1 

69 

66 

X. 

A  A 

94 

88 

1  R 

46 

A  A 

44 

J-  .f  > 

70 

GO 

1  K 

Do 

ST 

2. 

47 

A  A 

2. 

71 

fia 

2. 

97 

85 

2.6 

47 

44 

2.6 

72 

64 

2.5 

98 

84 

Q 
O. 

A 

47 

A  A 

43 

q 

73 

64 

o 
o. 

100 

83 

O.O 

A  r\ 

48 

4  O 

io 

74 

63 

O.O 

lo2 

82 

4. 

48 

48 

A 

a: . 

62 

4. 

103 

81 

4.5 

49 

42 

4.5 

lb 

62 

4.5 

lOo 

80 

5. 

49 

42 

6. 

77 

61 

6. 

107 

79 

O.O 

49 

42 

O.O 

77 

60 

o.ty 

109 

78 

a 

V. 

50 

42 

0. 

79 

Gu 

i' 
o. 

O.O 

lU 

77 

O.O 

60 

41 

A  R 

0.0 

80 

69 

113 

76 

7.  ; 

51 

41 

7. 

81 

69 

7. 

115 

75 

7.6 

61 

41 

7.6 

82 

68 

7.6 

117 

74 

8. 

52 

40 

8. 

8t> 

57 

8. 

120 

73 

8.5 

62 

40 

8.6 

84 

67 

8.6 

122 

72 

9. 

62 

40 

9. 

85 

66 

9. 

125 

71 

9.5 

53 

40 

9.6 

87 

56 

9.5 

127 

70 

10. 

63 

39 

10. 

88 

55 

10. 

130 

70 

lO.o 

54 

39 

10.6 

89 

55 

10.6 

133 

69 

11. 

54 

39 

11. 

90 

54 

11. 

136 

68 

11.5 

65 

39 

11.6 

92 

64 

11.6 

139 

67 

12. 

66 

88 

12. 

93 

53 

12. 

148 

67 

12.5 

66 

S8 

12.6 

96 

68 

12.6 

146 

66 

m. 

66 

38 

13. 

96 

52 

13. 

150 

(;5 

i;i.o 

67 

38 

13.5 

98 

62 

13.5 

164 

64 

14. 

67 

37 

14. 

99 

62 

14. 

168 

64 

14.5 

5R 

37 

14.5 

101 

51 

14.5 

1B2 

63 

15. 

69 

37 

16. 

103 

51 

16. 

166 

62 
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SPECIMEN  OF 

TABLES  FOR  SETTING   OUT  SLOPES. 


DEPTH  OF  CUTTING  OR  HEIGHT  OF  EiiBAUKMEHT. 

47  Feet. 


Slops  1  to  I. 


2  a 


Slope  1^  to  1. 


BISE 

Beqnired 

BISE 

Reqinred 

BISE 

Required 

per 

Widths, 

ver 

Widths, 

per 

Widths, 

Chain 

in 

Chain, 

in 

Chain, 

m 

in  i'eeU 

Links. 

ia  Feet 

Links. 

in  Feet. 

Links. 

Level 

71 

71 

Level 

107 

107 

Level 

142 

142 

.5 

72 

70 

.5 

108 

105 

.5 

145 

140 

1. 

72 

70 

1. 

109 

104 

1 

I.. 

147 

138 

1.5 

73 

6U 

1  a: 

X.O 

110 

103 

1  ^ 

149 

136 

o 

73 

69 

0 
A 

111 

102 

o 
a* 

151 

134 

74 

68 

AO 

113 

101 

AO 

154 

132 

3. 

74 

68 

3. 

114 

100 

3. 

157 

130 

o.o 

75 

67 

a.O 

116 

99 

159 

129 

4:. 

76 

67 

A 
*. 

117 

98 

A. 

162 

127 

X.O 

76 

66 

110 

97 

4  K 

A  fa* 

165 

125 

77 

CG 

0. 

120 

96 

fi 

V. 

168 

124 

77 

66 

5.5 

122 

95 

5.5 

171 

122 

D. 

78 

05 

c 

D. 

12.'^ 

94 

a 
i>. 

174 

l2S0 

79 

65 

ft  K 
0.0 

125 

93 

177 

119 

7 
i . 

79 

64 

7 
1 . 

127 

92 

7 

180 

117 

i.O 

80 

64 

(tO 

128 

91 

7  1 
i.t> 

184 

116 

Q 
O. 

81 

63 

Q 
o. 

130 

f>0 

R 

188 

114 

8.6 

82 

63 

8.5 

132 

89 

8.5 

192 

113 

9. 

82 

62 

9. 

134 

88 

9. 

196 

112 

9.5 

83 

62 

9.5 

136 

87 

9.5 

200 

110 

10. 

84 

62 

10. 

138 

87 

10. 

204 

109 

10,5 

84 

61 

10.5 

140 

86 

10.5 

209 

108 

11. 

85 

61 

11. 

142 

85 

IL 

213 

107 

11.6; 

86 

61 

U.5 

144 

84 

11.5 

218 

105 

12. 

87 

60 

12. 

146 

84 

12. 

223 

104 

12.5 

88 

60 

12.5 

149 

83 

12.5 

229 

103 

13. 

89 

59 

13. 

151 

82 

13. 

235 

102 

13.5 

89 

59 

13.5 

153 

81 

in.5 

241 

101 

14. 

90 

59 

14. 

156 

81 

H. 

247 

lU) 

14.5 

91 

58 

14.0 

159 

80 

14.5 

254 

92 

5S 

15. 

161 

79 

15. 

261 

98 
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SPEOTMEN  OF 

TABLES  FOR  SETTING  OUT  SLOPES, 


DEPTH  OF  CUTTING  OB  HEiaHT  OF  EMBANKMENT. 


50  Peet. 


Slope  1  to 

1. 

Slops      To  1. 

Slopb  2  to  L 

UISE 
per 

Chain, 
in  Feet. 

Required 
Widths, 

in 
Links. 

RIJSE 

per 
Chain, 
in  Feet 

Bequired 
Widths, 

in 
Links. 

R15SE 

Ohain, 
in  Feet 

Beqnired 
WidtH 

In 
Links. 

Level 

76 

76 

Level 

114 

114 

Level 

161 

161 

.5 
1. 

1.5 

2.6 

76 
77 

77 

78 
79 

75 
74 

74 
78 
73 

5. 
1. 

1.5 
2. 

2.5 

115 
116 

117 
119 
120 

112 
111 

109 
108 
107 

.5 
L 

1.5 

>> 

154 
156 

159 
161 
164 

149 
147 

145 
143 
141 

3. 

3.0 

4. 

4.6 

5. 

79 

80 

bi 
81 
82 

72 
72 
71 
71 
70 

3. 

3.5 

4. 

4.0 

5. 

121 
123 
124 
126 
128 

106 

lOo 

104 
103 
102 

3. 

3.5 

4. 

4.6 

5. 

167 

169 
172 
175 
178 

139 

137 
135 
133 
131 

6.5 

6. 

6.5 

7. 
7.5 

82 
83 
84 
85 
85 

70 
69 
69 
68 
68 

5.6 

6. 

6.5 

7. 

7.5 

129 
181 
133 
135 
136 

101 
100 
99 
96 
97 

5.5 
6. 
6.5 
7. 

7.5 

182 
185 
189 
192 
196 

130 
128 
126 
125 
123 

8. 

8.5 

9. 

9.5 
10. 

86 
87 

87 

88 
89 

67 
67 
67 

66 
66 

8. 
8.5 

9. 
9.5 
10. 

138 
140 

142 
144 
146 

96 
96 
94 
93 
92 

8. 
8.5 
9. 
9.5 
10. 

200 
204 
208 
212 
217 

122 
120 
119 

117 
116 

10.5 

11. 

11.5 

12. 

12.5 

90 
91 
92 
U2 
94 

65 

65 
PA 
64 
64 

10.5 

11. 

11.5 

12. 

12.5 

149 
151 
153 
155 
158 

91 

91 

bu 
88 

10.5 
11. 

11  5 

12.5 

222 

227 
2:^2 
238 
244 

115 

114 
112 
111 
110 

13. 

13.5 

14. 

14.5 

15. 

94 
95 
96 
97 
98 

63 
63 
62 

62 
62 

8. 
18.5 
14. 

14.5 
15. 

161 
163 
166 
169 
172 

87 
87 
86 
85 
84 

13. 

13.5 

14. 

14.6 

15. 

260 
256 
263 
270 
277 

109 
107 
106 
105 
104 
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TABLES  OF  RELATIVE 

GRADIENTS 

A3Sa> 

CORRESPONDING 

A  NAT.!?. 

All  XjtljXjm 

t 
1 

75 

50 

Af 

25 

OHAUf. 

ANOLB. 

LonLB. 

Feet. 

FeeL 

Feet. 

Feet. 

D^.  Min. 

e 
.0 

.01 

19 

1. 

.75 

.5 

.25 

0  51 

1.0 

1.12 

.75 

.04 

i  lo 

0 

i.O 

i. 

tr 
.0 

1  A9 

1  422 

AO 

1  fi? 
1.0  f 

9  Q 
a  0 

s. 

.75 

2  33 

3.5 

2.62 

1.76 

.87 

*  > .7 

J. 

3. 

1. 

%.o 

3.37 

2M 

1  19 
1,1  A 

0. 

t>.lt> 

1.25 

4  lo 

RK 



^.  1 0 

1  ^7 

1.0 1 

4  41 

TC  Tel. 

6. 

4.5 

3. 

1.0 

6  7 

D»0 

4.87 

3.25 

1  £9 

c;  Q9 

IT 
«. 

0.0 

0  Oo 

4.0 

0.10 

1  017 

l.o7 

i2  Oil 

a 

£ 
0. 

A 

4. 

2. 

6  49 

8.6 

6.87 

4.25 

2.12 

7  15 

q 

6.75 

4.5 

7     4i  i 

7.12 

4.75 

9  97 

0  0 

in 

7.5 

5. 

9  Ar 

10.5 

7.87 

6.25 

2.62 

9  17 

11. 

8.25 

6.6 

2.76 

9  23 

11.5 

8.62 

5.76 

9  48 

12. 

9. 

6. 

3. 

10  14 

12.5 

9.37 

6.26 

3.12 

10  40 

13. 

9.75 

6.5 

3.25 

11  5 

13.5 

10.12 

6.76 

3.37 

11  31 

14. 

10.6 

7. 

3-5 

11  56 

14.5 

10.87 

7.25 

3.62 

12  22 

15. 

U.25 

7.6 

3.75 

12  48 

380  KAILWAY  SURVEYING. 

The  Table  of  relative  Qradients  is  inserted  for  use  in  cases 
wherein  the  cross  section  rises  too  severely,  although  r^ulaily  to 

be  taken  at  one  openition  with  the  level.  It  affi>rds  an  opportu- 
nity of  determining  the  inclination  per  cluun  by  means  of  an  incli- 
nation taken  at  a  less  distance  and  renders  results  so  taken  at 
once  applicable  to  the  general  Tables.   The  corresponding  angle 

affords  an  opportunity  of  determining  the  inclination  of  the  cross 
section  by  means  of  an  angular  instrument,  if  such  a  method  pleases 

the  surveyor. 

We  have  now  arrived  at  the  stage  for  the  preparation  of  the 
Ltand  Plans.  The  several  widths  required  for  the  formation  of  the 
railway,  with  a  suiiicicnt  addition  for  the  bank  and  ditch,  are  laid 
off  on  the  large  scale  plan,  and  the  several  quantities  of  laud  required 
out  of  each  field  are  computed.  These  quantities  admit  of  checking 
by  a  very  simple  mode  at  any  given  length  of  line,  when  the  widths 
have  been  calculated  by  my  Tables,  it  being  only  necessary  to  mul- 
tiply the  average  width  by  the  length.  And  again^  my  Tables  of 
Iriind  Measure  will  obviate  this  multiplication. 

Plate  10  is  a  Specimen  Land  Plan. 

The  contents  of  railway  cuttings  and  embankments  are,  in  most 
cases,  found  by  tables,  calculated  for  the  purpose.  Mr.  Baker  has 
recently  gone  fully  into  the  subject,  and  as  the  author  of  some 
Tables  thereon,  I  extract  his  own  statement  in  fulL 

He  says,  numerous  Tables  exist  for  this  purpose,  some  of  which 
are  voluminous ;  those  by  M'Neill,  Bidder,  Huntington,  Hughes, 
Bashforth,  Sibley  and  Rutherford,  Law  and  Lowe,  are  well  adapt* 
ed  for  the  purpose,  assuming  the  surface  line  of  the  cross  sections  to 
be  level,  or  to  be  reduced  to  that  position;  but  none  of  these 
tables  will  properly  apply  to  sectional  areas,  which  is  the  most 
important  part  of  their  use,  excepting  Bashforth's;  lut  hit  method 
ofutu^  them  is  erroneous,  the  error  apprommatinff  to  50  per  cent  as 
a  maximum.  I  would  therefore  recommend  for  this  purpose,  the 
General  Earthwork  Table*  in  conjunction  with  Two  AuxiUary 
Tahles,  on  the  same  sheet,  in  Baker's  Enginecrhig,  as  being  applic- 
able to  all  varieties  of  ratio  of  plopcf  and  widths  of  formation  level 
in  common  use  ;  and  with  the  help  of  Barlow's  Tables  of  Square 
RootSj  these  tables  will  apply  to  sectional  areas,  with  all  the 
mathematical  accuracy  that  can  be  attained,  with  very  little  more 
calculation  than  adding  the  contents  between  every  two  cross 
aeotions,  as  given  by  the  General  Table. — The  contents  in  the 

•  The  liutiibers  far  the  side  slopes,  tbrming  the  alteniate  lines  in  Mdckr'a  Tabkt 
will  Bapply  the  plftoe  of  the  CtoDeral  Table. 
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General  Table  are  calculated  to  the  nearest  iinit»  as  are  also  those 
in  the  Auxiliary  Table,  No.  2,  whicli  is  for  tlie  decimals  of  feet  in 
the  depths.  The  Aiixihary  Table,  No.  1,  shows  the  depths  of  the 
iiici  l  inu:  of  the  side  slopes  below  the  formation  level,  with  the 
number  of  cubic  yards  to  be  subtracted  from  the  contents  of  the 
General  Table  for  each  chain  in  length,  for  eight  of  the  most 
common  varieties  of  ratio  of  slope. 

Note  1. — These  Tables,  with  very  little  additional  calculation, 
may  be  extended  to  every  variety  of  formation  level  and  ratio  of 
slopes  that  can  occur,  and  even  to  cases  where  that  ratio  differs  in 
the  two  sides  of  the  same  cutting,  as  shall  be  shown  in  the  fol- 
lowing Problems, 

NoU  2. — The  investigations  of  the  method  of  forming  these 
tables  and  nang  them  are  given  in  Baker^s  Railway  Engineering, 
also  furllier  investigations  are  given,  at  the  end  of  the  following 
Problems,  respecting  Mr.  Bashfor^'s  Mroneota  Mtihods  of  Col- 
eulatiTiff  Ear&morh, 

The  following  explanations  will  further  illustrate  the  method  of 
taking  the  dimensions  of  railway  cuttings,  preparatory  to  using 
the  above  named  tables. 

Let  ABBCea&d^fig.  173t,  be  a  railway  cutting,  of  which 
A  B  D  C,  a  hde  are  the  cross  sections,  AB  s  =  width  of  for- 
mation level,  MM',  mmi  the  middle  depths  of  the  two  cross- 
sections  ;  the  side-slopes  XC^'BD,  ae^hd,  when  probnged  two 
and  two,  will  intersect  at  N  and  n,  at  which  points  the  prolonga- 
tions of  MM',  mwf  will  also  meet,  thus  constituting  a  prism 
ABNna^,  the  contest  of  which  is  to  be  deducted  j&om  the 
whole  content,  given  by  the  General  Table,  by  means  of  the 
Table,  No.  1 ;  in  which  the  depth  M^N  s  m^n  is  also  given,  as 
ahready  stated,  to  several  varieties  of  slope  and  bottom  width. 

To  place  this  subject  in  a  more  practical  point  of  view,  let 
figure  173A  represent  a  longitudinal  and  vertical  section  of  a 
cutting,  passing  through  the  middle  A  E  of  the  formation  level. 
H  T,  the  line  of  the  rails,  and  a  h,  the  line  in  which  the  slopes,  if 
prolonged,  would  meet.  It  will  be  seen  that  the  cutting  A  5<? 
commences  and  runs  out  on  the  formation  level  A  E,  and  that 
the  dcjith  Aa  =  Be=C/  =  &c.  is  to  be  added  to  the  several 
depths  B  b,  C  c,  I)  d  of  the  cutting,  the  first  and  last  depth 
at  A  and  E  being  each  =  O ;  or,  what  amounts  to  the  same 
thing,  the  several  depths  must  be  measured  from  the  line  a  hi 
thus,  A  «,  be,  eg,  ike.,  arc  the  depths  to  be  used.  And  since 
the  depth  A  a  is  given  in  Table,  No.  1,  for  all  the  most  com- 
mon cased,  or  it  may  be  readily  found  by  calculation  tor  all  caeee. 
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a«i  shall  hereafter  be  shown,  the  line  corresponding  1)  ah  must, 
therefore,  be  ruled  on  the  railway  section,  at  the  proper  distance 
below  A  E,  from  which  the  several  depths  must  be  measured;  or 
the  vertical  scale  may  be  marked  with  Indian  ink  (which  may  be 
readily  rubbed  off)  at  the  same  distance,  and  this  mark  may  then 
be  applied  to  the  formation  level  A  E,  for  the  purpose  of  muaour- 
ing  the  several  depths. — In  the  case  of  an  embankment,  the  line 
for  the  several  depths  must  be  placed  at  a  like  distance  above  the 
formatioii-level* 

pROB.  I. — Hie  several  depihe  of  a  railway  etUHng  to  the  meeting 
of  the  side  dopes,  its  width  of  formoHon  level,  and  the  raUo  of  ^ 
slopes  being  given,  to  find  the  content  ofihe  cutting  m  cubic  yards, 
from  0ie  Tables  referred  to,  the  distances  of  the  depths  bekig  one 
chain  each. 

Rule. — ^Take  the  several  quantities,  correspondiiig  to  every  two 
suooeeding  depths  of  a  cutliiig  or  embankment,  measured  to  the 
meeting  of  the  side  sbpes,  at  the  distance  of  one  chain  each,  from 
the  General  Table  in  Baker^s  Railway  Engineering  and  multiply 
their  sum  by  the  ratio  of  the  slopes ;  from  the  product  subtract 
the  cubic  yards,  corresponding  to  the  given  bottom  width  and 
ratio  of  elopes  irom  Table,  No.  1,  multiplied  by  the  whole  length  of 
the  cutting,  and  the  remainder  will  be  the  content  of  the  cutting 
in  cubic  yards. 

But  when  the  distances  of  the  depths  are  greater  or  less  than  one 
chain,  the  quantities  of  the  General  Table  must  be  multiplied  by 
their  respective  distances. — And,  when  the  distances  are  given  in 
feet,  the  quantities  must  be  multiplied  by  those  distances,  and  the 
final  result  divided  by  66  for  the  content  in  cubic  yards,  as  in  the 
following  examples. 

Examples, 

1.  Let  the  depth  of  the  railway  cutting 
or  embankment  to  the  meeting  of  the  side 
slopes,  at  the  end  of  every  chain,  be  as  in 
the  following  table,  the  bottom  width  30 
feet^  and  the  ratio  of  die  slopes  as  2  to  1 ; 
required  the  content  in  cubic  yards. 

Note, — ^In  the  annexed  table  the  quantity 
1238,  corresponds  to  the  depths  10  and  33 
feet  in  the  General  Table;  the  quantity 
3175  to  the  depths  33  and  39,  and  so  on  for 
the  succeeding  depths.  By  the  Auxiliary 
Table,  No.  1,  it  will  be  seen,  that  the  depth 
to  be  added  below  the  formation  level,  for 


Dkt.ln 

Depths 

^t«.  per 

0 

10 

1-00 

83 

12??8 

200 

^9 

3176 

8*00 

85 

8860 

4-00 

10 

1366 

FoTAlopeltoi  .  %m 

2 


2  to  1  .  18256 


•ubtract 
275  X 


1100 


cubic  yds,  j 
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the  given  widtb  and  ratio  of  slopes,  is  7*50  =  7^  feet,  tberefore, 
the  outtinsr  begins  and  ends  with  a  depth  of  10  —  7|  =  2^  feet. 

He  correspond iTig  number  of  cubic  yards,  to  be  deducted  for  eadb 
chain  in  length,  ia  multiplied  by  4  chains,  the  whole  length  of  the 
cutting,  thus  giving  the  whole  quantity  to  be  deducted,  the  re- 
msunder  being  the  true  content  in  cubic  yards  of  the  cutting. 

2.  The  seyeial  depths  cf  a 
railway  cutting  to  the  meet^ 
iog  of  the  Bide  slopes  are  as 
in  the  annexed  table^  the 

bottom  width  being  30  feet, 
and  the  ratio  of  the  slopes  1| 
to  1 ;  required  the  content  of 
the  cutting. 

N<a», — When  any  of  the 
distances  between  two  suo- 
ceeding  depths  is  greater  or 
less  than  1  chain,  the  corres- 
ponding quantity  from  the 
General  Table  must  be  mul- 
tii>liefl  by  that  particular  dis- 
tance ;  as  the  distances  be- 


cihidoi. 

Depths 

PiotaetalbrlHit. 

Total 

^IttBtltlM. 

0 

10 

1-00 

16 

•       •       •  • 

420 

2-00 

20 

795 

4-00 

25 

1348  X  2 

2486 

32 

1996 

7*00 

89 

8091  X  2 

6182 

8*00 

45 

4319 

10*00 

60 

'&m  X  2 

ITOiO 

12-00 

40 

4971  X  2 

9942 

13*00 

30 

• 

3015 

14*46 

10 

106y  X  1-46 

1546 

For  side  slopes 

41741 
20870 

•  «  •  •  * 


-  li  to  1 
366*67  X  14*46  — 


62611 
6802 


OoDteut  in  oolwc  yaids  67309 


tween  the  depths  20  and  25,  and  between  32  and  39,  he.  the  dis- 
tances being  2  chains.  The  last  distance,  viz.,  that  between  30 
and  10,  is  1-46  ;  in  this  cas^  2  figures  must  be  cut  off  for  decimals, 
after  multiplying. 


I>ift.  in 
ftflt. 

Depths 
in  feet 

(^luuttitiet  molttplied 

Total 
qiMiilltlat. 

0 

87 

90 

50 

4660  X  90 

119400 

178 

61 

7554  X  88 

664762 

278 

39 

6210  X  100 

621000 

Fo; 


3.  Let  the  depths  of  a  rail- 
way cutting  to  the  meeting  of 

the  side  slopes,  and  then-  dis- 
tances in  feet  be  as  in  the  an- 
nexed table,  the  })ottom  width 
30  feet,  and  the  ratio  of  the 
slopes  \l  to  1 ;  required  the 
content  in  cubic  yards. 

Note, — When  the  distances 
are  in  feet,  the  quantities  from 
General  Tabh?  must  be  respec- 
tively multiplied  by  their  dis- 
tances, the  quantity  from 
Taf  ile,  No.  1,  by  the  whole  distance,  and  the  result  divided  by  66, 
the  ieet  in  1  chain,  for  the  content  in  cubic  yards,  as  in  the  an- 
nexed operation. 


Itol  ..... 
I  to  1   

l§to  1   

366-67  X  278- 


Contend  in  ' 


1705152 

852576 

2567728 
101988 

€6)2455795 
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Pbob.  IL  Case  L->2%e  areat  of  two  crots  tectum  of  a  railway 
cutting  to  the  mterseetioH  of  the  tide  thpet,  itt  length  m  ehaint,  lottom 
wiM,  and  ratio  of  the  tlopet  ore  given  ;  required  the  content  6fih0 
cuttir^  in  cubic  yardL 

J?ii&.— With  the  square  roots  of  the  giTen  aieas,  as  depths,  find 
the  oontent  from  the  Creneral  Table,  as  in  the  Ust  Pvoblem,  from 
which  subtract  &e  quanlity  answering  to  the  given  width,  and  the 
ratio  of  mdes  slopes  from  Table,  1,  and  the  remainder,  bang 
multiplied  by  the  length,  will  be  the  content  required. 

Note.—li  the  length  be  ^ven  m  feet,  proceed  as  in  Example  3, 
last  Problem. 

Ejuotiple* 

1.  Let  the  two  sectional  areas  of  a  cutting  be  4761  and  1296 
square  feet,  the  bottom  width  36  feet,  the  length  3*25  chains,  and  the 
ratio  of  the  side  slopes  2  to  1 :  reqmred  the  content  in  cubic  yards. 

V  4761  =        content  per  General  Table  .  .  6959 
—  3o  } 


^  1296 

or  bot 

Table,  No.  1 


For  bottom  with  36  and  slopes  2  to  1  per  | 


Content  for  1  cbaan  in  length  6563 

19689 
1641 


Content  for  3*25  diains   21330  cubic  yards. 

Case  II. — To  find  the  content  token  the  depths  are  given  in  feet 
and  ttfcimatt  of  feet. 

Rule. — Let  a  and  h  be  the  feet  in  any  two  succeeding  depths, 
and  a  and  /?  tlieir  respective  decimal  parts ;  find  the  quantity  an- 
swering to  a  a:  i  ( 1  b  from  General  Tabic,  as  in  the  former  eased :  then, 
2  a  -f      rejecting  the  last  figure,  and  a  will  shew  the  number 

to  be  added  in  Auxiliary  Table,  No.  2,  and 
2  &  +     rejecting  the  last  figure,  and  jS  will  shew  the  number 

to  be  added  in  the  same  Table. 
After  wluch  deduct  for  the  quantity  below  the  fonnation  level,  as 
before. 

£xain^le. 

Let  the  sectional  areas  be  1406  and  2560  square  foet,  the 
bottom  width  36  feet,  length  4  chains,  and  ratio  of  slopes  to  1 ; 
required  the  content  in  culnc  yards. 
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Here  V  1406  s  37*5  and  ^  2640  =  50*4.  Put  37  «  a, 
50  s  ^  ss  a*4  s  /3 ;  then  the  depths  a  and  per  General 
Table,  give    4660 

2  a  +  ^  as  124,  or  12,  (by  rejecting  last  figure)  1 
and  ^  =  '4 ,  per  Table,  No.  2  give  j 
2  6  +  a  =  137,  or  14  nearly,  (by  rejecting  last  1 

figure)  and  «  =  '5  give   .   .  /   

4746 

For  bottom  width  36  and  ratio  of  slopes  U  to  1  528 

1  deduct  J  — 

Content  for  1  chain  in  length   4218 

4 


39 
57 


Divt.  is 

Areas  iri 

sq.  feet. 

0 

2727 

2-00 

6-00 

4221 

9-60 

4100 

14-00 

5141 

lG-00 

375!) 

18-00 

2161 

Content  for  4  chains  in  length   16872cubicyd0. 

Casb  IIL— ^  measvrniff  contract  work  where  great  accuracy 
is  regmredy  the  -s^ihs,  of  a  foot,  or  second  deeimaU,  mugt  he  used  in 

the  calculation,  by  taking  for  them  ^th  of  ihdr  respective  quantHies 
in  Tabk,  No,  2. 

Sstample 

The  areas  of  seven  cross  sections  of  a  railway 
cutting  to  the  meeting  of  the  aide  slopes,  and  their 
distances  are  as  in  the  annexed  table ;  the  bottom 
width  is  30  feet,  and  the  ratio  of  the  slopes  1^ 

to  1 ;  required  the  cubic  yards  in  the  cutting. 

Ans.  The  content,  per  General  Table,  and 
Table,  No.  2,  is  172318  cubic  yards  from  which 
the  quantity  corresponding  to  the  given  bottom 
width  and  ratio  of  slopes  x  by  the  whole  length, 
viz.  275  X  18  =  4950  cubic  yards,  must  be  deducted,  which  leaves 
167568  cubic  yards,  the  content  required. 

Note  1.— -When  the  distances  of  the  sectional  areas  are  given  in 
feet,  the  quuutities  of  the  General  Table  must  be  multiplied  by 
their  respective  distauces,  and  the  final  result  divided  by  66,  as  in 
Example  3.    Prob.  I. 

Note  2, — When  the  surface  Hues  of  the  sectional  areas  are  either 
level  or  are  reaxiily  reducible  to  that  position,  tiie  decimals,  if  any, 
in  depths  must  be  taken  into  the  calculation,  as  in  Cases  II 
andni. 

Pbob.  hi,— To  adapt  the  General  Table  to  such  widths  of  the 
formation  level  and  ratios  of  slope  as  are  not  found  in  Table,  No,  1. 
Put  u  ss  }  width  of  formation  level,  and  r  :  1  the  ratio  of  slope. 

Then  -  =  feet  to  be  added  to  the  depth  of  cutting  below 

formation  level. 
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And    —  =  cubic  yards  to  be  subtracted  for  each  cliaiu  in 
9  r 

length. 

Example, 

Let  the  widtii  of  foxmation  level  be  26  feet,  and  ihe  ratio  of 
slopes  1^  to  1 ;  then  «  ^  r  =  IS  1^  =  10*4  ft  =  distance 
below  fbnnation  level  to  meeting  of  slopes. 

And  22  X  la*  9  X  1^  =  330*5  cubic  yards  to  be  deducted 
for  eadi  chain  in  length  from  the  contents  (rif  the  Gtoenil  Table. 

Pbob.  IV. — To  find  ihe  omltaA  rfa  etdtaiff  vokm  each  of  the  Hdei 
have  two  different  roHos  of  slope. 

Rule. — When  the  cutting  A  B  C  D  (fig.  173/)  has  two  diiferent 
slopes,  as  A  a  or  B  ^»  and  a  C  or  b  ID;  it  must  be  divided  into  two 
parts  by  the  line  a  6,  and  the  quantities  of  the  parts  A  B  b  a, 
a  b  J)  C  of  the  cutting  must  be  found  separately  by  Prob.  I.  If 
the  surface  line  C  D  be  sloping  or  curved,  I'rob.  XL  will  also  be 
required;  and,  if  the  depths  m  n  m  }s  aud  their  corresponding 
quantities  of  cubic  yards  are  not  found  in  Table^  No.  1,  they  must 
be  found  by  Pjrob.  Ill,  the  sum  of  the  contents  of  the  two  parts 
being  the  required  content  of  the  cutting. 

Note, — Cuttings  of  this  kind  are  often  advantageously  adopted^ 
where  their  upper  parts  are  of  loose  or  springy  earth,  and  their 
lower  parts  strong  day  or  ro(^, 

Prob.  V. — To  find  the  content  of  a  cuttmg  when  tlie  ratio  of  the 
slopes  of  the  two  sides  are  different. 

Case  L~^fFhen  the  surface  is  koel 

Rui.E. — Find  the  central  depths  to  the  meeting  of  each  of  the 
side  slojies,  and  take  their  corresponding  contents  by  Problem  I 
for  ihc  whole  length  of  the  cutting,  in  the  mmu'  manner  as  if  it 
were  for  two  cuttings,  and,  from  the  sum  subtract  the  sum  of  the 
cubic  yards  corresponding  to  the  given  bottom  width  and  ratios  of 
slope  multiplied  by  the  whole  length  of  the  cutting,  and  half  the 
diiicrence  will  be  the  content  required. 

Case  XL —  fVhen  sectional  areas  are  given, 

KuLB. — Vhid  the  contents  corresponding  to  the  sectional  areas 
to  the  meeting  of  the  side  slopes  by  Prob.  11,  and  from  their  sum 
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deduct    ,  "  ,\  calno  yards  for  the  content.   In  this  formula 

«  =  ^  bottom  widths  /  =  whole  length  of  cutting)  and  r  and  ¥  tbe 
first  terms  of  the  ratios  of  the  side  slopes. 

Note. — Cuttings  w  ith  hlopes  of  this  kind  are  frequently  adopted 
in  practice,  where  the  ground  is  springy  on  one  side  of  theiOj  the 
greater  ratio     elope  being  on  the  springy  side. 

Pbob.  YL — 'Sojmd  the  quoMihf  of  the  cutting  of  a  timnd, 

BiTiJB.~Mnltipl7  continually  together  the  widths  mean  height 
and  length ;  divide  the  product  hy  9,  if  the  length  be  given  in 
yards,  but  if  the  length  be  given  in  chains,  multiply  Ihe  product 
by  22  and  divide  by  9>  the  width  and  hei^t,  in  both  cases,  being 

given  in  feet. 

Note. — Examples  are  not  given  in  the  three  last  Problems,  the 
methods  of  solving  which  being  sufficiently  obvious  from  the  Bules 
and  the  first  three  Problems. 


THE  FOLLOWING  EXAMPLES  SHOW  THE  SRR0B8  OF  METHODS 

PUT  FOIiTH  BY  MR.  BASH70BTH  AJID  OTHEBS,  TO  FIND  THE 
GONI£NT  OF  CUTTINGS. 


Examples. 

I.  The  areas  of  two  cross  sections  of  a  cutting  to  the  meeting 
of  the  intersection  of  the  side  slopes,  are  1296  and  361  square  feet, 
their  distance  one  chain,  the  bottom  width  36  feet,  and  the  ratio  of 
the  slopes  1  to  I ;  required  the  content  of  the  cutting  by  the  true 
and  the  erroneous  methods  practically  used. 

(I.)  By  the  true  method: — 

V  J296  =  36 )  ^^^j^^     General  Table  1907 

V  361  =  19)  ^ 

Deduction  firom  Table,  Ko.  1  792 

True  content  for  1  chain  iu  length  •   •    1115  cubic  yards. 
(2.)  By  Mr.  Ba»hfortk*s  methods^ 

By  Table,  No.  1,  the  depth  of  the  meeting  of  the  side  slopes 
below  formation  level  is  18  feet ;  hence  the  area  of  the  triangle 
below  it  is  36  x  9  =  324  square  feet,  which,  being  taken  from  the 
given  sectional  areas,  will  cjive  972  and  37  square  feet  for  tbe  areas 
used  by  Mi\  Bashforth ;  whence. 
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content  bj  General  Table,  &0.,  975  cubb  yarda. 

^     Of  =   D.Uo  ; 

This  content  taken  ^om  the  trae  content,  given  aboTCj  leaves 
140  error  in  defect. 

Whence  975  :  140 : :  100;  14*36,  or  above  14^  per  cent*  the  error 
in  defect  by  Mr,  Bash/orth't  method, 

2.  Let  the  axeas  of  the  two  cross  sections  to  the  mtersection  of 
the  slopes  be  324  and  2916,  and  the  other  things  as  in  the  last  ex- 
ample, required  the  content  of  the  catting  by  the  correct  and  er- 
roneous methods. 

(L)  By  ike  true  method* 


^^^J|5''?fl«»itetttby  General  Table  .  ,  3432 
^    324  =  18) 

Deduction  from  Table,  No.  1  792 

True  content  for  1  diam  in  length    •   .   •   .  2640  cubic  yds. 

(2.)  By  Mr.  Basl^orth's  method  .«— 

Here  the  sectional  arcs  used  are  2592  and  0,  whence 

^  _2592=!50'9l|^j^^g^^  .    General  Table  2112  nearly,  which 

taken  irom  the  true  content  leaves  528  error  in  defect. 

Whence  2112  :  528  : :  100 : 25  per  cettLt  the  error  m  defect  m  thu 
ease* 

By  taking  a  mean  of  the  areas  in  Example  1. 

22 

^  (972  +  37)  X  y  s  1223^  cubic  yards,  wluch  exceeds  tiie  true 

content  118}  evbieyardt,  hemy  dbout  9}  per  cent  m  excels* 
By  taking  a  mean  of  the  areas  in  example  2, 
22 

i  (2592  +  0)  X  -g-  =  3168  cubic  yards,  which  exceeds  the  true 
content  hy  528  eu^  yards,  being  16f  per  cent  in  excess. 

Note. — By  taking  a  mean  depth  the  error  in  defect  is  just  half 
the  preceding  one,  or  8^  per  cent.  These  methods  only  give  a 
near  approximation  to  the  true  content,  when  the  sectional  aread 
of  a  cutting  are  nearly  eq^uah  See  the  results  of  the  following  for- 
mula and  remarks. 

The  above  examples  show  with  auffiment  dearness  the  inaccur- 
acy of  Mr.  Bashfortii's  method ;  but  since  it  has  been  defended^ 
a$  stiffieientfy  correct  for  practical  purposes,  the  following  formula 
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will  more  rigidly  prove  its  failiire.  Let  A'  and  B'  be  the  sectional 
areas  of  a  catting,  as  used  by  Mr.  Baahfortb,  and  a  the  area  be- 
tween the  formation  level  and  the  meeting,  of  the  slopes ;  then  by 
Baha^9  Railway  EngtMering^  page  65,  ^  A'  +  a  x  B'  +  a  — 
^  A'  X  B'  —  a)  =3  his  error  in  defect,  the  content  by  his  method 
being  A  (A'  +  x  ^  A!  4-  BQ,  the  length  being  unity ;  whence 
100  (v'  A'  +  a  X  B'  +7— V  "AlTB'  —  a)  ,  , 

 AM^^7  AiTB'  

Mr.  Bashforth's  method. 


Examples* 

1.  When  A'  =  ^  £z  and  B'  =  9  a,  the  above  formula  gives 
100        V  X  10         ^  X  9  —  1,  g       V  —  2  _  1200  _ 

X  9  +  ^/T^^^,)  a  lOJ         91  ~ 

per  cent,  error  in  defect 

2.  VV  lieu  0  and  B^  =  3  a,  the  above  formula  gives, 
100  (2 — 0  1)  ^       ^        ^  ^^^^  ^ 

3.  When  A' s:  0  and  B  =3  a,  Mtf  error  in  dtfeet  is  41|-  per  cent 
Errors  of  this  kind  will  repeatedly  occur  in  practice,  where  cut- 
tings and  embankments  are  made,  as  in  the  following  figure; 
wherein  A  B  is  the  formation  level,      the  corresponding  curved 

line  is  a  section  of  the  eartVs  surface;  the  small  fin-nres  Tielow  "beinjy 
cross  ^rrtinn?  tn  ken  to  the  intersection  of"  the  sloj>es,  in  which  M 
in  n,  ro]»r(\-0]it  tlie  formation  level,  the  sectional  areas,  used  by  Mr. 
iiiishforth,  being  those  above  the  lines  M  N,  »i  the  cross  section 
cdmn  may  either  be  very  small,  as  in  Example  1,  or  0,  as  in 
Examples  2  and  ^;  in  which  latter  cai^es  the  soxism  <f  of  the 
section  outs  m  fl. 


f'rom  the  above  %uxe  it  will  at  once  be  seen  that  more  than  one- 
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Lalf  of  the  sectional  part??  of  the  cuttint/^  and  embankments  will  lie 
attected  by  errors  in  detect  of  an  averuL^c  of  the  above-naineJ  per- 
centages, which  are  most  decidedly  f  rorjiinent;  and  sufficient,  in 
many  ca^ea  that  occur  in  practice,  to  take  away  more  than  the  whole 
of  a  contractor's  profits. — The  error  of  Mr.  Bashforth's  method  at- 
tains its  nuzmmumf  which  is  50  per  cent.,  when  both  the  sectional 
areas  A'  B'  vanish,  wliich,  however,  is  a  case  that  can  never  occui* 
in  practice. 

I  have  given  Mr,  Baker's  comparisons  at  length,  because  he 
complains  in  his  BMdxmentary  Treadte  m  Land  and  Enghutrmg 
Sitrieyiiiff,  that  notwithstanding  the  errors  he  has  proved  to  exist 
in  the  method  given  by  Mr.  Baahforth,  for  finding  the  contents 
of  cuttings,  that  gentleman  aoooscB  him  of  copying.  Now,  had 
this  been  the  case,  Mr.  Baker  observes,  he  must  also  have  copied 
the  errors,  that  is,  he  ought  to  have  adopted  Mr.  Bashforth*s  me- 
thod of  finding  the  contents  of  cuttings^  from  sectional  areas, 
where  the  surface  of  ihe  ground  is  laterally  sloping  or  curved,  in 
whidi  method  the  prism  below  the  formation  level  is  left  out  of 
the  question,  whereas  Mr.  Baker  has  included  it  in  his  calculations. 

Moreover,  Mr.  Baker  asserts  that  his  method  was  communicated 
to  several  gentlemen  long  before  the  publication  of  Mr.  Bashforth's 
method,  among  whom  was  Professor  Tate,  of  the  Training  Insti- 
tution, near  Twickenham,  who  is  a  competent  judge  of  such  mat- 
ters, and  who  has  himself  published  on  the  same  anbject  In  Ms 
Geometry,  As  fbr  the  General  Table,  Mr.  Baker  defends  it  by 
saying  it  is  calculated  from  one  of  the  same  formulae,  used  by 
Sir  John  McNiell>  Mr.  Bidder,  and  others,  as  the  basis  of  their 
Tables,  and  must,  therefore,  be  common  property. 

TSmnelling  generally  adopted  on  a  railway  when  the  cutting 
would  require  to  be  more  than  about  60  feet.  It  is  desirable  that 
the  gradient  in  a  Uinncl  should  have  a  fall  in  one  direction,  for  the 
purpose  of  allowing  the  water  sreuerated  therein  to  be  dise}uu  L'"ed 
by  the  natural  force  of  gravitation.  If  the  tunnel  is  very  long,  a 
fall  may  be  given  to  the  gradient  from  the  centre  towards  either 
end.  A  tunnel  on  a  curve  requires  to  be  very  accurately  set  out, 
as  well  as  levelled,  or  very  great  embarrassments  may  arise  in  its 
construe  tioii. 

The  iiiiiimg  operations  in  a  tunnel  are  directed  by  a  miner's 
compass.  The  direct  bearing  of  the  line,  if  straight,  or  of  the  tan- 
gent of  the  curve,  if  in  a  curve,  being  taken  at  the  top  of  a  shaft, 
and  laid  out  in  the  same  direction  at  the  bottom.  Experience  in 
the  use  of  instruments  is  required  in  these  operations,  to  detect 
any  concealed  attraction  of  the  needle,  or  otiier  instnnnental  errors 
that  may  so  eaoly  occur.  It  must  be  borne  in  mind,  that  the  forma- 
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tion  line  in  ft  tnnnd  is  mnofa  below  an  ordinary  cntting,  inas- 
mticb  as  there  is  generally  an  inverted  arch  to  be  turned  beneath 
the  ballasting,  except  indeed  in  those  strata  that  are  of  themselves 
suifioient  to  maintain  the  shape  of  the  tnnnel. 


The  following  notes  on  the  construction  of  tunnels,  are  extracted 
from  Dempae^s  PraeHeal  Rmlway  Enfftsruering, 

Note  1.  Like  m!nino;and  all  other  Babterrancan  operations,  the  construction 
of  a  tuttnel  can  be  but  little  aided  by  mechanical  appliances  ;  it  rhipfly  requires 
haitl  manual  labour,  ezerdsed  under  circumstaQceii  which  do  uut  adnut  of  that 
thoroagh  saperintendance  which  ptomotes  economy,  and,  moraorer,  liable  to  an- 
finCMeoii  intenruptionBi,  of  snxmounting  which  neither  the  manner  nor  the  expense 
can  be  predetermined,  Thos  tlir'  KiL-^by  tunnel,  oa  the  North  Western  Railway, 
was  estimated  to  cost  £40  per  yard  hneai ;  v-  hereas  the  actual  cost  was  £130  per 
yard,  owing  to  its  intersecting  a  quick&aud  tiiat  had  escaped  the  trial  borings. 
TfaaB  a  Tart  ezpense  was  incnired  in  settiog  up  and  working  pumpmg  machinery  to 
dry  the  sand.  The  Box  tannd  on  the  Great  Weetem  Railway,  ezcaTated  throagh 
oolite  rock,  and  lined  with  masonry  only  through  a  portion  of  its  length,  cost  ap- 
wards  of  £100  per  lineal  yard.  The  length  of  this  tunnel  is  3123  yards,  or  apwards 
of  1|  miles  \  it  has  eleven  principal  shafts,  and  four  iatenaediate  ones.  The  Blet- 
ohingley  and  Saltwood  tannds,  on  the  Soath  Eastern  Bailway,  oort  leepectiTdy 
£72  and  £118  per  lineal  yard,  Ihe  greater  coet  of  the  latter  wotIl  arismg  firom  the 
great  body  of  water  in  the  sand  which  it  intersects. — ^The  method  of  proceeding 
withtnnnpniner  dppends  mainly  upon  \hc  kind  of  material  to  be  excavated.  This 
having  been  generally  ascertained  by  boring  and  trial  shafts,  which  must  be  suffi- 
dently  (^.pacious  to  admit  readily  of  lowering  men  and  materials,  raising  materials 
excavated,  fixing  pamps,  and  also  ht  starting  the  headway  of  the  mtoided  tonnel 
when  the  reqnired  depth  is  reached. 

Note  2.  The  working  shaftsi  are  made  from  8  to  10  feet  internal  diameter.  They 
are  of  brick  work,  asoally  9  inches  thick,  and  earned  ap8  or  lOieet  above  the  sur- 
&oe  of  the  ground.  These,  and  all  other  shafts,  rest  upon  curbs  of  cast  iron,  fitted 
into  the  crown  of  the  tunnel,  and  forming  a  level  base  for  the  shaft.  The  air  shafts 
are  of  a  smaller  thickness  and  diameter,  the  latter  of  which  is  usually  about  3  feet. 
—The  number  oi  working  shafts  will  depend  chiefly  on  the  rate  of  speed  with  which 
theworkisreqahedtobe  accomplished.  With  plenty  of  men,  horses,  material, 
and  plant,  the  work  is  mach  fhdiitated  by  sinking  extra  shafts,  which  will  asaally 
well  repay  theb  coet 

Note  3.  The  Watfoid  tannel,  75  chains  in  length,  on  the  North  Western 
Bailway,  was  worked  with  six  shafts,  aboat  8  feet  intornal  diameter ;  the  briek 
WOTk  was  monUed  to  fit  the  circumference  of  the  shafts,andhud  in  twohalf«brick 

rin^.  Ahr  shafts  were  sunk  at  about  2J  chains  distance  on  each  side  of  each 
working  shaft.  The  arch  and  side  of  the  tunnel  were  chiefly  made  two  bricks 
thick,  and  the  invert,  oue  and  a  half  brick,  except  where  the  stratum  passed 
dixough  seemed  to  saggest  an  increased  or  diminidied  thiokness.  Tlie  form  of 
tlie  top  of  the  tannd  is  nearly  semi^circular,  sapported  by  carved  side  wallsstaad* 
ing  on  «de  footings,  or  skew  backs,  which  rest  on  the  invert. 
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SPECIFICATION. 

Specification  to  be  observed  by  the  ContraetoT  for  the 
works  to  be  executed  upon  the  railway^  com- 
menoing  at  a  numbered  1901  on  the  plans  of 
the  said  railway^  and  tcminating  at  a  point  where 
the  said  new  railway  forms  a  junction  with  the 

main  line  in  the  parish  of  ^  being  a  distance 

of  three  miles  and  sixteen  chains,  or  thereabont& 

It  includes  the  formation  of  the  railway,  with 

all  the  excavations  and  embankments  complete ; 
the  drains,  fences,  gates,  and  other  works  connected 
therewith;  and  the  erection  of  the  following  bridges, 
\Jiere  set  forth  fully  a  description  of  the  bridges^] 
together  with  the  fr^rmation  and  completion  of  the 
several  approaches  thereto^  and  roads  over  them« 

The  biulding  of  the  culverts,  in  the  position 
showu  in  the  plan  and  section,  and  of  the  dimensions 
there  given,  together  with  all  the  necessary  diver- 
sions of  the  streams  and  drains  to  lead  the  water 
into  and  from  the  culverts ;  the  laying  and  ballast- 
ing of  the  permanent  way;  the  providing  of  all 
timber^  bridks,  lime,  stone,  or  other  materials  ne- 
cessary for  the  completion  of  the  works  in  a  sound, 
substantial  and  workmanlike  manner;  the  excava- 
tions of  the  occupation  bridges,  ooci^tion  roads, 
and  diversions,  marked  upon  the  plan  and  section, 
and  of  all  other  works  mentioned  and  desoiibed  in 
the  accompanying  drawings  and  specifications,  and 
the  keeping  of  the  whole  of  the  works  in  a  perfect 
state  of  repair  for  twelve  months  after  completion* 
\Hert  must  follow  a  full  and  minute  description  of 
aU  drawings.  ]  Th©  preceding  enumerated  works, 
and  the  mode  of  execution  are  described  at  length 
in  the  spemfication  of  each  particular  work,  and 
their  forms  and  dimensions  described  in  the  ac- 
companying drawings,  which  are  refisned  to  in 
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each  spedfication;  but  should  any  discrepancies 
exist  between  the  measurement  by  the  scale 
attached,  and  the  written  ctimensions,  the  latter 
are  to  be  taken  as  correct^  any  thing  contained  in 
the  drawings  or  specification  shall  be  considered  as 
contained  in  both. 


Written  di-     The  Written  dimensions  arc  those  by  which  it  is  in- 
be  tftitpn.     tended  the  contractor  shall  make  his  estimate. 
Aiimiuoi       And  wherever  neither  the  drawings  nor  the  specifica- 
iil'cindfrf,     tion  contain  any  notice  of  minor  parts,  the  intention  to 
include  which  is  nevertheless  clearly  to  be  inferred,  and 
which  parts  are  obviously  neceosaiy  for  the  completion  and 
stability  of  the  work,  all  such  additional  parts  are  to  be 
provided  by  the  contractor,  and  are  supposed  to  be  included 
in  the  sum  at  which  he  contracts  for  the  works,  and 
wherever  any  thing  is  directed  to  be  done,  or  to  be  pro- 
yided,  if  required,  or  words  of  siviilar  import,  it  must  be 
understood  that  every  thing  so  referred  to  will  be  oonsi 
dered  as  included  in  the  contractor's  tender. 
contiMior      The  centre  line  of  railway  is  staked  out  on  the  ground, 
£q^2!!  but  the  contractor  must  at  his  own  expense  nick  out  the 
S^taSu*^  slopes  of  the  excavations  and  embankments,  as  also  the 
™*"**'      exterior  of  the  ditches  previously  to  the  conunencement 
of  any  of  the  works,  and  provide  the  engineer  with  all 
necessary  asostance  in  setting  out  and  measuring  off  work 
during  tiie  continuance  of  this  contract. 
Contractor  to    The  coutractor  will  in  all  cases  be  required  to  strictly 
p^SoIfs  of  adhere  to  the  provisions  contained  in  the  Act  of  Parlia- 
^tuL^"'  nient,  for  making  this  railway,  as  he  will  be  held  respon- 
sible for  all  claims  which  may  be  brought  against  the 
Company  in  consequence  of  any  infringement  of  the  stipu- 
lations therein  contained. 
Treca  that      All  trces  that  aTC  in  the  line  of  the  railway,  and  which 
require  to  be  fell^,muBt,if  the  season  permit,  be  carefully 
barked,  and  the  hark  properly  stacked. 

Fencing  and  Ditching. 

The  fendng  and  cUtching  described  in  the  following 
specification  is  of  two  kinds,  the  first,  temporary,  for  the 

protection  of  lands  adjoimng  the  railway,  during  the  pro> 

gress  and  until  the  completion  of  the  worlcs :  the  second  the 
permanent  ibr  the  enclosure  of  the  railway  when  finished. 
2b 


are  felled  on 

line  to  b8 
l>ajrked. 


Fenciiip^  of 
two  kinds. 
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Gates  and 
Slip  Kails  to 
hi;  plriceil 
afffiril  cQu 
venicDt  ac 
ce«8  to  laads* 


Tbhpobast  FBNcmo. 

gflTg^*^  Immediately  after  the  delivery  of  any  portion  of  the 
site  of  the  intended  railway  into  the  pomeacdon  of  the 
contractor^  andpreviona  totiie  commencement  of  the  other 
works,  the  tempomij  fendng  shall  be  completed,  and 
shall  inchide  the  whole  area  of  land  belonging  to  the 
company^  as  also  all  land  occupied  by  any  of  the  works 
contained  in  this  contract;  and  gates  and  slip  rails  shall 
be  so  placed  as  to  a^rd  a  conTonient  occapation  of  the 
veui.  Dt  ac.  adjacent  lands,  for  the  convenience  of  cartage  of  mate- 
rials, and  a  general  passage  along  the  line ;  openings  shall 
be  made  in  the  cross  fences  and  gates  or  slip  rails  erected 
for  more  effectoal  prevention  of  trespass,  and  the  con- 
tractor shall  be  held  liable  for  all  damage  done  to  the 
adjoining  lands  by  cartage  of  materials,  or  by  ihe  stray- 
ing of  horses,  catde,  or  other  beasts  that  may  happen  by 
his  neglect,  or.by  that  of  his  agents  or  worbnen,  in  not 
maintaining  the  fenc^  or  gates^  or  otherwise ;  and  the 
contractor  shaH,  without  delay,  when  required^  make 
good  any  fence^  or  gate,  or  railway,  that  may  have  been 
destroyed  or  injured,  from  whatever  cause,  and  shall  pre- 
serve the  most  effectual  security  to  the  cattle  grazing  in 
the  land  adjoimng,  in  neglect  of  whioh  the  engineer  shall 
have  full  power  to  pay  all  claims  for  trespass  to  the  pro- 
per parties,  and  to  deduct  the  same  from  the  account  due 
to  the  contractor  at  the  next  or  any  subsequent  payment. 
Tempomy      fhc  temporary  fencing  shall  consist  of  split  oak  posts 

fencins  de-  .        .  .  . 

•oribed.  placed  nine  feet  apart,  and  three  and  a  half  feet  lilgh 
above  the  ground,  morticed  for  the  reception  of  three 
horizontal  oak  or  l-irch  rails,  which  are  to  be  sui»|M)il,ed 
by  an  intermediate  stay  or  pnck  post,  firmly  nailed  to 
each  of  the  rails. 

Pbbmanent  FmciMQ, 
Drawatffg  No.  16. 

FeriQM«ii  The  permanent  fencing  will  consist  of  post  and  rail 
fencing,  ditches  and  quicksets,  and  must  be  placed  within 
the  limits  of  the  slip  of  land  allowed  for  this  purpose, 
beyond  the  tennination  of  the  slopes. 

wtch.  A  ditch  of  three  feet  wide  at  ihc  top  and  one  foot 

wide  at  the  bottom,  and  twelve  inches  deep,  shall  be  made 
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Cotnpajir'a 
property. 

Dniu. 


Cop. 


<itticka. 


upon  the  higher  side  of  the  ground  occupied  by  the  rail- 
way, Bixd  a  ditch  three  feet  wide  at  the  top,  one  foot 
wide  at  the  bottom,  and  one  foot  six  inches  deep  on  the 
lower  aide  of  the  ground. 

These  dimensions  shall  he  increased  or  diminished,  as 
in  the  opinion  of  the  engineer  the  drcumstanoes  may 
require,  so  as  to  produce  an  effectual  drainage  and  keep 
tike  water  out  ci  the  ezcavalions,  and  caoy  it  away  from 
the  foot  of  the  emhanhmenta,  and  where  neoessaiy,  the 
existing  drains  and  ditches  must  be  deepened  to  obtain 
a  sufficient  fell. 

The  outer  slopes  of  the  ditch  must,  in  all  cases,  cor- 
respond with  the  boundary  of  the  company's  property. 

All  drains,  or  alterations,  or  deviations  In  existing 
drains,  or  water  courses  necessary  for  the  exclusion  of 
the  water  firom  the  cnttmgs,  or  for  the  prevention  of 
drainage  to  the  adjoining  property,  or  any  other  property 
whatsoever,  shall  be  made  by  the  contractor  at  his  own 
expense. 

The  material  excavated  firom  the  ditch  shall  be  used  to 
form  a  mound  on  the  space  between  the  edge  of  the 
ditch  and  the  railway  slope,  and  the  side  a4ioining  the 
ditch  shall  be  neatly  ramparted  with  turf  sods,  whidi 
shall  not  exceed  four  inches  in  thickness,  to  be  ten 
inches  wide,  and  eighteen  inches  lon^r. 

When  the  material  excavated  from  the  ditch  shall  be 
more  in  quantity  than  sufficient  to  form  the  mound,  the 
eurphis  must  he  conveyed  to  the  nearest  embankment. 

The  best  portion  of  the  vegetable  soil  excavated  from 
the  diLch  shall  be  placed  in  the  middle  of  the  mound,  on 
which  a  row  of  three  years  old  htkuI  quicksetn  shall  be 
planted,  and  not  le^a  than  nine  quicksets  shall  be  con- 
tained in  one  lineal  yard  ;  on  the  inner  edge  of  the  ditch, 
oak  posts  and  rails  must  be  set  to  protect  the  quicksets. 

The  posts  are  to  be  of  split  oak  or  good  larcli,  ^ix  feet 
six  inches  in  length,  and  equal  to  at  least  five  inches  by 
tliree  and  a  half  in  sectional  area  ;  they  are  to  be  placed 
at  a  distance  of  nine  feet,  from  centre  to  centre,  and  to 
stand  four  feet  above  the  surface  of  the  land. 

£lach  post  is  to  have  three  mortices  for  the  reception 
of  the  ends  of  the  rails,  which  are  to  be  made  of  split  oak 
or  krch,  and  to  be  as  straight  and  nearly  of  an  uniform 
size  as  possible. 
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JUUa.  The  horizontal  rails,  three  in  number,  between  i;i(  h 

pair  of  posts,  are  to  be  of  oak  or  larch,  not  less  thaa  four 
inches  in  sectional  area  at  the  small  end,  and  ten  feet  in 
len^h,  and  the  ends  are  to  be  acacfed  so  as  to  fill  the 
mortices  of  the  posts. 
Prick  pwta.    Midway  between  the  posts  an  oak  or  larch  stay  five  feet 
sax  inches  long,  and  two  and  a  half  inches  si^uare^  being 
driyen  into  the  ground,  at  least  eighteen  inches  is  to  be 
fiimlj  nailed  to  each  of  the  thiee  horizontal  rails  with 
good  tenpeimy  nails. 
Koopfc         The  posts  must  be  finnly  fixed,  by  being  set  in  the 
ground  without  being  sharpened,  the  ends  of  the  rails 
properly  fitted  into  the  mortices  of  the  posts,  and  a  piece 
of  new  iron  hoop  one  inch  and  a  quarter  wide,  and  one 
sixteenth  of  an  inch  in  thickness,  shall  be  nailed  round 
the  top  of  every  post  to  prevent  its  splitting. 
ijMfag^to    The  fencing  shall  be  made  with  as  few  bendings  as  the 
M  fcw  bend-  nature  of  the  ground  will  permit  of,  and  the  ditch  along' 
Sue."      dde  the  mound  shall  descend  as  uniformly  as  possible  to 
the  nearest  main  drain,  or  watercourse,  by  which  the 
draining  of  the  adjacent  land  is  at  present  effected. 

The  permanent  fencing  shall  proceed  as  rapidly  as  the 
progress  of  the  works  and  the  nature  of  the  s^uson  will 
admit  of. 

Dnia^  At  the  bottom  of  the  embanlcments  small  draininst  tiles 
mmao,       shall  be  laid  tlirouo;h  the  quick  mounds  at  intervals  of  not 

more  tlian  ten  yards,  to  convey  the  water  draining  from 

the  slopes  into  the  fence  ditches, 
i^pt  ia      ^^"^  parts  of  the  permanent  fencing  as  shall  have  been 

completed,  before  the  finishing  of  the  other  parts  of  the 

work,  shall  he  kept  in  complete  order  by  the  contractor. 
S^edXd'    ^  quicksets  shall  be  cleaned  or  weeded  twice  at  least 
i^^k^'  in  a  year,  and  any  broken  rails,  or  posts,  or  stays  rephoed 

by  new  ones,  equal  in  quality  to  those  originally  used. 
SSSSalS         quicksets  whidi  may  not  take  root  and  grow  must 

be  puUed  up,  and  three  years  old  lining  quicksets  planted 

in  th^  stead. 

-"^^  railway  fenoing  must  be  efiectually  joined  to  the 
«p.         cross  fences  by  posts,  rails,  and  quicks,  and  the  mound 

for  the  cross  fence  must  be  carried  over  the  ditdi  of  the 

railway  by  means  of  a  short  cul  vert,  of  a  suflScient  size  to 
preserve  a  free  and  uninterrupted  water-way  along  the 
railway  ditch. 
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FcncLn^^rtobo  ^]|ole  of  tho  f6iidD£>  bo^  temporary  and  permar 

nmt,  must  be  firmly  and  sabstaatially  fixed,  so  as  to 
exclude  sheep,  pigs,  and  all  other  cattle  from  the  excava- 
tions and  other  works,  and  effectually  prevent  the  adjoin- 
ing lands  from  trespass  during  ihe  progress  of  the 
works. 

Temporary      Should  thc  oontfactor  be  prepared  to  erect  the  per- 
pensci  with  manent  fencmcj  on  any  part  of  liis  contract,  previous  to 
<»«8-        any  interferf  nrr  witli  the  existing  fences  ot  the  nelds,  ne 
will  be  pcnnitted  to  do  so,  in  which  case  the  temporary 
fencing  may  be  dispensed  with  altogether,  on  that  parti- 
cular part  of  his  contract. 
Tomporarj      Such  Dart  of  thc  temporaTv  fencinff  as  can  be  made 

fencing:  nwj  r  ^  j.  c  ^ 

be  uaed  in    availublc  shall  be  permitted  to  be  used  m  the  peroiancnt 

the  penna-  ^  ,  .  .  < 

neat  lieaciog.  fencing,  provided  the  material  be  of  the  requisite  strength 
and  quality,  and  uninjured  in  other  retspects  by  its  previ- 
ous use. 

Fence  mll^  When  stone  walls  are  made  use.  of  for  permanent 
lagdflMiiMi.  ^j^gy.  ^j.^         Ij^jI^  ^  g^j^  sound  red  sandstone 

rock,  in  bloisk,  and  course  work  set  in  lime  of  the  form 
and  dimensions  shown  in  Drawing,  No.  — .  The  stones 
to  be  firmly  bedded  and  break  joint  properly. 
Gate  Poeti,  The  gates  and  posts,  &o.,  are  represented  in  Drawing 
^'  — ,  The  heads  and  heels  are  to  be  made  of  sound 
oak  or  ash  morticed  to  receive  the  horizontal  bars, 
which  together  with  the  diagonal  stays  and  uprights  may 
be  of  memel  timber,  sawn  or  dressed,  or  of  oak,  ash,  or 
larch ;  the  hanging  and  clapping  posts  must  be  of  oak  or 
stone,  if  of  oak  the  lower  ends  are  to  be  dharred.  The 
iron  work  to  be  of  the  best  quality,  neatly  fitted  up  and 
riveted  to  the  woodwork ;  the  diagonal  and  upright  pieces 
are  likewise  to  be  riveted  to  the  horizontal  bars.  The 
whole  of  the  wood  to  be  well  seasoned  and  of  sound 
quality,  and  to  be  put  together  and  fixed  in  a  workman- 
like manner,  and  to  recwvc  two  coats  of  good  oil  paint. 
The  contract  includes  gates,  with  their  posts,  covered 

drains,  &c.,  complete,  and  comprises  about  lineal 

yards  of  single  post,  rails,  and  quickset  fencing. 

If  stone  gate  posts  are  used  the  dimensions  must  not  be 
less  than  nine  feet  in  length,  with  a  sectional  area  of  1^ 
square  feet  or  hlteen  incliea  square. 
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Slopes  to  lie 
Urcwed  and 
town* 


EXCAYATIOKS  AND  EMBANKMENTS. 

^^hof  xhe  exernTitiona  and  embankments  throughout  this  con- 
tract shall  be  thirt  y  foet  wide  at  the  level  of  the  red  line, 
on  the  section,  neither  more  nor  less,  and  shall  extend  at 
that  level  to  an  equal  distance  on  each  side  of  the  outside 
rails  when  they  are  fiiiiebed  and  laid  in  thf^ir  proper  line 
as  hereinafter  described  under  the  head  ot  permanent 
way. 

The  excavations  are  to  be  made  with  the  slopes  marked 
upon  the  section,  where  it  is  stated  "  H  to  1,"  it  is  under- 
stood that  where  the  base  of  the  slope  is  ouc  tool  aud  a 
half,  the  height  shall  be  one  foot  onlj,  aud  when  "2  to  1," 
that  for  the  base  of  the  slope  two  feet,  the  height  shall  be 
one  foot  only. 

As  the  cuttings  and  embankments  advance  and  the 
ktter  become  consolidated,  the  slopes  shall  be  care£uU7 
dressed  or  trimmed  to  the  specified  incUnations,  and  as 
near  to  the  face  of  the  work  as  possible,  and  covered  with 
turf  or  soil,  which  shall  be  carefoUj  obtuned  from  the 
snr&oe  of  the  ground  to  be  occupied  by  the  railway. 

The  soil  must  be  uniformly  laid  on  of  the  thickness  of 
six  inches,  and  sown  with  rye  grass  and  doyer  seeds,  as 
soon  as  the  proper  season  will  admit  of  its  b^ng  done ; 
and  not  less  than  one  pound  and  a  half  of  rye  grass  and 
one  pound  and  a  half  of  oloyer  seed  to  be  sown  on  each  acre. 

When  the  engineer  shall  require  it,  the  slop^  must  be 
neatly  iaoed  with  the  tuif,  not  less  than  dght  inches  in 
thickness,  and  laid  with  the  green  swaid  outwards. 

In  the  formation  of  the  excavations  and  embankments, 
in  this  contract,  the  contractor  shall  not  remove  the  turf 
or  soil  from  tlie  ground  for  a  greater  distance  than  lialf  a 
statute  chain  in  advance  of  the  face  of  the  excrtvation  or 
eciliuuknient,  and  that  which  has  been  cut  must  be  re- 
moved back  to  a  point  where  the  slope  is  ready  for  receiv- 
ing it,  and  laid  down  as  directed  with  as  little  delay  as 
possible. 

Jm^^*o     Should  the  contractor  be  required  by  the  engineer  to 
^JgJ^'^y  alter  the  rate  of  the  inclination  of  the  slopes,  he  shall  do 
so,  and  a  proportionate  addition  or  reduction  (as  the  case 
may  be)  shall  be  made  to  or  from  the  contract  sum,  at  the 
average  price  per  cubic  yard  stated  in  the  schedule. 
Borins*.        Shafts  have  been  Bunk  and  borings  made  on  the  line  in 
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Tarious  aitiiatioiis  with  the  view  of  ascertaixdng  the  natuie 
of  the  material. 

The  contractor  may  see  the  account,  but  must  satisfy 
himself  of  its  aocamcy^  as  no  allowance  will  be  made 
should  the  material  differ  from  that  account. 
Their  situations  are  marked  in  the  general  section. 

oonjijMirto  Xu  the  formation  of  the  excavations  and  embankments, 
the  contractor  must  provide  all  necessary  rails,  chairs^  keys, 
pins,  blocks,  and  sleepers,  as  well  as  waggons,  barrows, 
planks,  and  other  machinery,  materials  or  utensils,  whioh 
stipulation  is  however  modified  to  a  certain  extent  by  the 
following  conditions. 

DciiTcry  of    It  is  not  intended  to  deliver  to  the  contractor  any  of  the 

permanent  .  ,  .  .  t 

iiui«,«M.&c,  permanent  ralls^  chairs,  kejs,  or  pins,  until,  at  least,  one 
continuous  mile  of  railway,  together  with  three  hundred 
yards  in  continuation  of  each  extremity  of  Piich  mile,  shall 
have  been  completed  and  certified  by  the  f^ii^riur  er  as  being 
ready  for  the  reC''[):ii»n  of  the  permanent  ballasting,  as  in 
this  contmct  is  hereinafter  mentioned:  on  wliich  certifi- 
cate, a  sufficient  number  of  rails,  chaiis,  keys  and  pins, 
shall  be  delivered  to  the  contractor  by  the  company,  and 
he  shall  be  permitted  to  use  them  in  such  manner  only  as 
is  hereinafter  detscribed  in  the  specification  of  the  laying 
and  ballasting  of  the  permanent  way.  Provided,  however, 
that  such  permanent  rails  shall,  in  no  case  whatever,  be 
laid  down  and  employed  within  three  hundred  yards  of  the 
&ce  of  any  excavation,  or  at  the  end  of  any  embankment 
then  in  progress. 
fe'^'°tD°b^  The  surplus  material  beyond  thai  required  for  the  for- 
s^''^t  ^^^^'^  ^  embankments,  approach  roads,  and  other  em- 
banking, is  to  be  deposited  in  spoil  banks,  in  such  places 
immediately  oontiguons  to  the  line  of  railway  as  the  en- 
gineer may  direct,  the  company  giving  the  contractor 
temporary  possession  of  the  land ;  the  foot  of  the  slopes 
of  the  spoil  bank  in  no  case  being  placed  nearer  than  five 
yards  to  the  top  of  the  slope  of  the  railway  excavation ; 
the  height  of  the  spoil  bank  shall  in  noplace  exceed  fifteen 
feet  above  the  natural  sur£Eu»  of  the  ground.  The  sides 
of  the  spoil  banks  are  to  be  sloped  at  ti^e  rate  of  six  hori- 
zontal to  one  peipendicular. 

Previous  to  laying  out  any  spoil  bank,  the  contractor 
shall  give  to  the  engineer  notice  in  writing,  together  with 
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a  j>hn,  describing  the  quantity  and  ntuation  of  the  land 
he  requires  tor  that  purpose. 

If  so  directed  by  tiie  engineer,  the  contractor  must  con- 
vey the  material  to  any  greater  or  less  distance,  according 
to  which,  if  the  cost  be  thereby  increased,  he  is  to  receive 
a  greater  or  less  price  as  specified  in  the  schedule. 
fSS^SiT'  whole  of  the  soil  upon  the  sur&oe  of  the  ground 

slfiu^lSIka^  tiiTough  which  any  excavation  extends,  or  over  which 
siop^'^f  cut.  thei'c  embalmment  or  spoil  bank,  is  to  be  removed, 

SSSulS^'  and  afiterwards  laid  upon  the  slopes  of  the  cuttings  and  em- 
bankments and  the  snriace  of  the  spoil  banks,  so  as  to  leave 
the  spoil  banks  in  a  state  fit  for  agricultural  purposes,  and 
the  slopes  of  the  cuttings  and  embankments  in  a  state  fit  for 
the  growth  of  grass,  or  shrubs,  either  on  the  line  of  rail- 
wny .  or  on  the  side  of  diverted  roads  or  bridge  approaches, 
or  in  any  situation.  The  thickness  of  soil  and  sodding 
over  the  whole  surface  and  slopes  of  the  spoi!  banks  must 
be  not  less  than  twelve  inches,  nor  less  than  eight  inches 
on  the  slopes  of  the  embankments,  and  the  contractor  is 
to  sow  the  slopes  of  the  embankments  and  the  spoil  banks 
with  grass  or  any  other  seed  which  the  engineer  may 
direct.  The  period  at  which  the  soil  is  laid  on  and  the  seed 
sown  is  to  be  determined  by  the  engineer, 
mpjb^Bi.  AH  dips  which  may  take  place  in  the  excavations,  and 
which  are  not  attributable  to  the  improper  mode  in  which 
the  contractor  may  have  conducted  the  work,  are  to  be 
removed  him  at  the  price  stoted  in  his  schedule :  such 
as  are  attributable,  in  the  opinion  of  the  engineer,  to  any 
improper  mode  of  conducting  the  work,  are  to  be  removed 
at  his  own  expense,  and  will  be  conndered  as  included  in 
the  tender. 


Embanembnts. 


EmtHuik. 


Width  and 
IMght. 


The  embankments  are  to  be  made  with  the  sbpes 
stated  upon  the  section,  to  which  the  for^;oing  explana- 
tions under  the  head  of  exca\^ktions  will  apply* 

The  embankments  are  to  be  formed  of  the  materials 
obtained  from  the  excavations,  and  when  finished  and  con- 
solidated they  are  to  be  of  the  height  represented  by  the 
red  line  on  the  longitudinal  section,  and  of  the  width 
shown  on  the  cross  section,  viz.,  thirty  feet,  being  made  of 
such  extra  height  and  width  in  the  first  instance,  as  to 
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allow  for  the  Bubsidence  of  the  embankment  and  they  are 
to  be  made  at  the  full  height  and  width  at  once  in  a  single 
batteiy;  The  surface  of  the  embankment  at  the  height 
of  the  red  line  is  to  be  made  slightly  oonyez. 
mnu'to  be  JBvery  port  of  the  embankment  must  be  kept  dry,  and 
kapt  di7.       water  must  be  allowed  to  remain  either  at  the  base  or 

upon  the  sur^e. 
D(  ficioncj  of    Should  there  be  a  defidency  of  materials  in  the  adioin- 
berappiieiL  ing  Cutting  to  make  up  any  of  the  embankments,  the  con- 
tractor must  make  up  the  deficiency,  either  by  side  cutting 
near  the  spot,  or  by  increasing  the  width  or  slopes  of  the 
adjoining  cuttings,  imiformly,  throughout  thdr  entire 
length,  as  the  engineer  may  determine.   The  company 
will  provide  the  contractor  with  hmd  for  this  purpose, 
in  such  a  situation  as  the  engineer  may  approve,  the 
contractor  brinn-infr  the  surface  of  the  orround  to  an  uni- 
form  slope  of  6  to  1,  and  covering  it  with  a  layer  of  sods 
and  soil  not  less  than  twelve  inches  in  thickness. 
H^"^        In  the  schedule  a  price  must  be  named  for  paving  or 
pitching  the  sides  of  the  embankment  with  red  sandstone, 
nine  inches  thick,  the  price  per  cubic  yard  for  the  em- 
bankments remaining  the  same, 
gjjjjjj^    In  case  of  slips  taking  place  in  the  embankments,  the 
contractor  will  be  required  to  make  them  up  at  his  own 
cost. 

Barfh  to  te    Whenever  the  material  teemed  over  the  end  of  the  em- 
bankment  shall  not  form  the  proper  slope,  it  shall  be  care- 
once,  and  no  fully  trimmed  to  its  required  slope^  and  this  operation 
i  ir^.  must  proceed  at  the  same  time  with  the  end  of  the  em- 
bankment,  so  as  to  obviate  the  neoesaty  of  any  further 
addition  of  material  to  the  rides  of  the  embankments. 
hMgfi  hunp.    When  the  material  brought  to  the  embankment  consists 
to  be  broken.  ^  {jg^  lumps,  they  shall  be  broken  into  pieces  of  not 
more  than  six  inches  in  cUameter,  unless  they  consist  of 
rock. 

A  cross  section  of  an  embankment  is  shown  in  Drawing, 
No.—. 


Disposal  of  Matebiaij. 

Throughout  the  whole  of  this  contract,  the  material 
from  the  excavations  is  to  form  the  next  adjoining  em- 
bankment as  well  as  the  approaches  to  the  bridges,  and 
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paved  crossings  of  every  description,  and  whenever  and 
wherever  any  excavation  ahull  not  be  sufficient  in  quan- 
tity to  complete  the  next  adjoiaiog  embankmeut  and 
approaches  to  bridges,  or  sloped  roads,  the  quantity  so 
deficient  must  be  brou^^ht  from  the  nearest  exciivation 
which  shall  have  u  suipliis  or  otherwise  obtained  by  side 
cutting  at  the  contractor's  own  cost,  and  accorchug  to 
the  conditions  contained  under  the  head  of  general  stipu- 
lations hereinaJfter  given. 

Bbidgeb,  Gulyebts,  &a 

General  SHpuktioiu 

Which  are  to  apply  to  the  whole  of  iLy  bridges,  cul- 
verts, and  other  works,  wherein  the  workmanship  or  ma- 
terials here  described  may  be  used  excepting  to  such  work 
as  may  be  directed  otherwise. 

Brickwork. 

Bridu.  The  BridDS  mada  use  of  thoughoat  the  work  shall  he 
hard,  sound,  well  shapen,  thoroughly  burnt  and  of  uni- 
form size  ttid  those  used  in  the  &oe  of  the  work  shall  he 
of  uniform  colour  and  unless  made  a  year  before  they 
are  used,  every  briek  shall  be  well  saturated  with  water 
before  being  set. 

No  broken  bricks  will  be  permitted  to  be  used  either 

loiraA.  externally  or  internally  unless  absdntely  necessary  as 
closers,  except  in  case  of  backing  when  no  course  shall 
contain  a  greater  number  of  bats  than  whole  bricks. 

No  difference  of  workmanship  will  be  allowed  in  the 
inside  and  outside  work,  every  course  ^all  be  weU 
grouted,  the  whole  of  the  joints  shall  be  flushed  up  solid 
with  mortar,  and  the  outside  joints  to  be  n^tly  pointed 
and  drawn.  No  joint  of  mortar  abaHi  exceed  one  quarter 
of  an  indi  in  thickness,  and  the  work  shall  be  laid  in 
English  or  Memish  bond,  as  the  engineer  may  direct. 

^dLon  In  all  cases  where  brick  on  edge  is  used  as  coping, 
the  bricks  are  to  be  laid  as  headers  in  Boman  cement. 

Stonib. 

SrScdtoiiiS  atom  used  for  bridges,  culverts,  or  other  masonry 

qoai^jr.      throughout  the  contract,  shall  be  of  a  sound  and  hard 

quality,  and  approved  by  the  engineer  and  firee  from 

spot^  and  tlaws  of  every  description. 
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Abhlab  Wobk. 

The  Ashlar  work  shall  be  laid  in  courses  at  least  nine 
inches  in  thickness,  all  the  beds  and  joints  being  chisd 
dressed  throughout.  The  whole  to  be  square  jointed  and 
made  to  fit  dose.  The  courses  to  be  laid  in  such  propor- 
tion that  there  shall  be  at  least  one  header  to  eyery 
stretcher.  No  etone  shall  be  less  in  area  of  bed  than 
five  feetj  nor  shall  the  width  of  any  stone  be  le^  tiban 
one  and  a  half  times  its  thickness,  and  all  the  j<nnts  to 
overlap  at  the  least  twelve  inches, 
^^to  IN!  The  greatest  care  will  be  required  to  have  all  the  beds 
dressed  to  accurate  planes,  and  no  pinning  of  any  kind 
will  be  permitted  in  any  part  of  the  work,  the  faces  shall 
be  fair  tooled  or  left  rough  vnth  rustic  cTiamphered  joints 
as  may  be  directcf!  in  the  description  of  each  pnrticiilar 
work.  The  beds  of  the  stones  in  all  arches  consi^tinp,-  of 
ashlar  shall  be  carefiilly  dressed  to  fit  the  puminering  of 
the  arch.  Thf  whole  to  be  laid  in  mortar  and  grouted 
at  every  course. 

( rauipr)  t«i,e  When  the  engineer  shall  (h  ( m  it  necessary  the  work 
reeled.       shall  be  cramped  together  witli  iron  cramps  run  with  lead  ; 

but  in  this  case,  the  contractor  shall  be  paid  Citra  tor 
the  iron  woriv  according  to  the  sdiedule  of  prices* 

Block  tk  Goubsi  Wobk. 

JSa.  '^^^  ^^^^^  ^"  course  shall  consist  of  stones  in  courses 
at  least  six  inches  in  the  thickness  and  as  nearly  of  an 
uniform  thickness  as  practicable.  Ko  stone  shall  be  less 
on  the  hed  than  ten  inches  by  fourteen  inches,  and  where 
rubbit;  or  brickwork  backing  i«  employed  there  shall  he  a 
through  at  every  six  feet  in  each  course  so  as  to  bond  the 
whole  effectually  together.  The  face  beds  and  ends  of 
each  stone  shall  be  carefully  hammer  dressed  to  accurate 
planes,  and  no  pinning  of  any  kind  will  be  allowed. 

In  all  cases  where  block  in  course  work  with  rubble 
backing  is  employed,  the  area  in  any  cross  section  of 
the  work  shall  contain  as  much  block  in  course  as 
rubble. 

The  whole  of  the  block  in  course  work  shall  be  neatly 
pointed. 
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Bubble. 

ston^'^aot      The  rubble  shall  be  constructed  of  stoues,  each  con- 
Jjf^^    taining  not  less  than  one-sixth  of  a  cnbio  foot,  to  be  care- 
Ailly  laid  so  as  to  make  the  closest  possible  work;  when 
employed  as  backing,  each  stone  to  be  bedded  in  mortar 

when  laid,  and  the  upper  surface  of  the  work  brought  to 
an  uniform  level  at  the  height  of  every  course  of  the  face 
work,  and  the  whole  to  be  well  grouted  at  this  level- 

aqgwdj^i  When  the  nibble  is  not  used  for  backing  to  the  block 
in  course  work,  the  whole  may  be  brought  to  a  level  at 
every  eighteen  inches  in  lieight  and  then  grouted. 

A^l^toaM  In  all  cases  great  care  must  be  taken  to  make  close  work 
^  and  effect  a  good  bond  wiih  the  face,  whether  it  be  blook 
in  coarse  work^  ashlar,  or  brickwork. 

MOBTAB. 

Morur  of       The  mortar  shall  consist  of  fresh  burnt  Welsh  lime,  or 
aodSaocL    Other  lime  approved  of  by  the  engineer,  and  clean  sharp 
sand  in  the  proportion  of  two  measures  of  ami  to  one  of 

un.s lacked  lime. 

^*fhitff  *  They  ^IvAl  lie  intimately  mixed  in  a  dry  state,  and  well 
tempered  with  a  pro])er  quantity  of  water,  and  only  mixed 
as  required  for  use  ;  the  mortar  that  has  previously  set  or 
become  hard  upon  t!u'  pr, j;ind  ahali  not  be  permitted  to  be 
used  in  any  part  ol  the  work. 

Water Linw.  If  in  any  situation  water  lime  is  ordered  to  be  used,  the 
contraotor  shall  do  so  without  any  extra  charge  and  where 
the  engineer  shall  deem  it  necessary,  tlie  mortar  shall  be 
tempered  in  a  pug  mill 

BoMAN  Cement. 

The  Roman  cement  is  to  be  of  the  best  quality,  and 
shall  be  mixed  with  an  equal  quantity  of  cleau  shaip  sand. 
None  shall  be  used  which  has  set  or  become  hard. 


COFCBBTB. 

Co^ei^^K^of     All  concrete  must  be  composed  of  gravel  perfectly  clean 
of  mne.     and  mixed  with  fresh  well  burnt  quick  lime,  in  the  pro- 
portion of  six  parts  of  gravel  to  one  of  lime. 

The  proportions  arc  to  be  accuratt  ly  giiaged  and  mixed 
in  the  dry  btate,  it  is  then  to  be  moistened  and  well  beaten 
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until  a  thorough  admixture  of  aH  the  parts  is  effected  aud 
brought  to  a  tough  consistencj^  when  it  is  immediately  to 
be  filled  into  barrows  and  teemed  from  a  hdght  never  less 
than  eight  feet,  as  near  as  may  be  to  the  place  required,  so 
as  to  need  as  Httle  levelling  as  possible,  the  runs  being 
shifted  for  that  purpose. 
L^ed  at     ^ ^  brought  up  in  layers  not  exceeding  eighteen 

inches  in  thickness,  each  layer  to  be  completed  and  brought 
to  a  level  surface  before  another  layer  is  commenced ;  the 
lime  to  be  fresh  burnt,  well  mixed,  and  carefully  preserved 
from  moisture  until  actually  used. 


AbCHBS  Ain>  Ck>UNTSB]rOBT8. 


AfdiMtoiM     The  arches,  when  of  "brldc^  shall  be  laid  carefully  with  a 
mallet,  and  built  either  in  concentric  hnH-hriek  rings,  or 


in  such  other  manner  as  the  engmeer  may  direct ;  and 
where  counterforts  are  built  upon  any  part  of  the  arch, 
they  shall  be  worked  into  the  body  of  the  arch,  and  their 
courses  shall  run  in  the  direction  of  the  radii  of  the  said 
arch. 

Artnw         In  all  cases  where  ashlar  stone  quoins  are  used  in  the 
fiuseof  the  ;irch,  the  greatest  care  will  be  required  to  pre- 
vent an  unequal  settlement. 
Any  impftr      Great  care  must  be  taken  in  the  proper  summering  of 
^^"^^  the  bricks  or  stones  in  each  course,  and  any  irregularity 
of  form  created  by  imperfections  in  the  laggings,  work- 
manship, centring,  or  any  other  cause^  shall  be  removed 
and  amended  by  the  contractor. 
Askew        When  the  arches  are  askew,  the  contractor  shall  lay  the 
^^toiw  courses  in  spiral  lines,  at  right  angles  to  the  hce,  when- 
uom!"*''^  ever  he  shall  be  so  directed  by  the  engineer ;  and  the  beds 
of  &e  stones  forming  the  arches  shall  be  carefully  dressed 
to  the  proper  twist;  also,  in  all  elliptical  bride  arches, 
six  feet  in  width  measured  on  each  side  of  the  crown  shall 
be  laid  in  Boman  cement 
sottta         The  soffits  of  all  the  brick  arches  shall  be  well  and  neatly 
pomted. 

Backing  to  Asches. 


The  Backing  shall  consist  of  rubble  work,  laid  in 
mortar,  as  before  described. 
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Abutments,  Wings,  and  Spandbils. 

Abotmeote     ^6  abntments,  wiugs^  and  spandiils  will  consist  either 
atom  u     of  brickwork  or  stonework  laid  in  mortar,  as  before  de- 
•SST  ^  scribed,  and  they  will  be  built  battering  or  plmnb,  as  shown 
on  the  drawings. 

spl^d'ruia  to  ^®  briob  m  the  spandrils  must  be  neatly  cut,  or  the 
betaML  stone  work  neatly  dressed,  so  as  to  fit  the  eztmdos  of  the 

arch;  where  the  work  is  battering  on  the  face,  the  courses 

shall  be  laid  at  right  angles  to  the  batter. 
inSkl^  *^    Small  openings  shall  be  left  in  the  lower  parts  of  the 
^"^^      abutments  and  wing  walls  for  the  effectiye  drainage  of 

water  which  might  otherwise  lodge  behind  them. 


Parapet  Walls. 

The  parapets  to  be  built  plumb  on  each  of  the  skies, 
the  straight  part  to  be  perfectly  true,  and  the  curvature 
of  that  portion  upon  the  wing  walls  uniform  and  regular. 

The  courses  to  be  made  parallel  to  the  string  course 
and  coping. 

Stone  Imposts. 

imposts.  Where  stone  iinj)ost  or  springing  courses  are  used,  the 
stone  shall  alwnvs  lip  equal  to  the  lull  thickness  of  the 
arch,  and  no  stone  shall  be  less  than  two  feet  six  inches 
in  length,  and  when  required  they  shall  be  dowelled  and 
cramped  together. 

Skewincki.  In  cases  of  skew  arches,  the  skewbacks  must  be  worked 
so  as  to  suit  the  oblique  directions  of  the  springinj^  of  the 
courses,  and  in  every  course  the  stones  shall  he  fair  tooled 
all  over^  excepting  at  the  back  which  may  be  left  rough. 


STBIN0  COUSSES  AND  GOFI29G* 


String  These  must  be  of  the  form  and  dimensions  shown  upon 

Coping,      the  drawings  .  No  stone  must  be  less  than  two  feet 

six  inches  in  length,  and  the  whole  to  be  throated  under- 
neath. 

Each  stone  in  the  coping  must  he  dowelled  and  leaded 
to  the  a^yoining  one. 

All  the  Boi&oe  must  be  fair  tooled  or  chisel  dressed, 
and  the  joints  made  square  and  to  fit  dose* 
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Ibokwobk. 

Cj*  hwk^  Wberever  cast  iron  i?  required  to  be  used,  it  shall  be 
cast  from  the  cupola,  and  be  of  tbc  toughest  giey  iron, 
free  from  air  bubbles  or  pin  iiulcs,  or  any  other  defect. 
Ail  the  abutting  faces  must  be  filed  and  accurately  fitted* 
AH  wrought  iron  work  to  be  of  the  best  haixkmered 
scrap  iron. 

inm^rkto  All  iron  work  to  be  subjected  to  whatever  test  the  engi- 
neer may  tliiak  it  expedient  to  prescribe,  and  any  defect 
wliick  may  be  detected,  is  to  be  rectified  at  the  expense 
of  the  contractor,  md  likewise  the  cost  of  testing  defrayed 
by  lum ;  but  the  contractor  n  not  exempted  by  the  above 
piOYuion  from  the  obligation  to  uphold  the  work  wben 
erected. 


Woodwork. 

Wood  to  be  All  woodwork  in  gates,  sleepers,  &c,  and  all  other  wood- 
^ork  to  be  subjected  to  Kyan's  patent  process,  to  be  of 
sound  memel  timber  or  American  pitch  pine,  free  from 
knots  and  other  imperfections,  and  to  be  well  seasoned 
before  suljected  to  Kyan's  process,  to  receive  three  ooats 
of  good  oil  paint. 

All  bolt  holes  to  be  well  charged  with  thick  white  paint 
AU  anisses  to  be  champLered. 


DSAINS  UNDER  BBIDQS8. 

Ofdntaite  Drains  must  be  constructed  under  all  the  bridges  which 
are  in  the  excavations  on  each  side  of  the  railway,  fifteen 
inches  wide  at  the  top,  and  twelve  inches  at  the  bottom, 
to  be  sunk  as  low  as  the  drain  at  the  outside  of  the  bal- 
lasting. 

waDftiiMim  They  will  be  formed  by  a  wall  of  brick  or  of  block  in 
coarse  stone  work  to  support  the  ballasting,  nine  inches 
deep  and  three  feet  deep  parallel  with  the  abutments,  and 
the  length  will  be  equal  to  the  width  of  the  bridge,  and 
as  much  more  as  shall  be  necessary  to  conduct  the  water 
easily  in  the  common  side  drains. 

The  whole  to  be  laid  in  mortar  in  the  same  manner  as 
described  for  the  bridges. 
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EXCATATOVS  OF  FOUKDATION,  PBOYIDIHG  CeMTBING, 

FiixiNG  nr  OYBB  Bbidobs,  and  other  General 
Begulations. 

CentTMtor  Tlie  coutractor  is  to  excavate  for  the  foundations  of  all 
iiwiiidafloD  of  bridges,  culverts,  and  all  other  works,  to  keep  out  the 
*'*^*  water  by  coffer  dams,  if  necessary ;  form  drains,  do  all 
necessary  pimipiTiLT,  and  provide  all  centring^,  planks,  and 
tools  of  every  debcriptlun  necessary  to  the  perfect  execu- 
tion of  the  works  at  his  own  expense,  and  they  are  to  be 
included  in  the  amount  of  this  tender. 

In  case  the  foundation  of  any  of  the  works  require  in 
piloe  u^por"  ^^^^  opinion  of  the  engineer  to  be  carried  lower  than  is 
sdbedni*.  shown  upon  the  diawing,  the  contractor  is  to  make  such 
extra  excavations,  provide  extra  collei  iiauis,  and  to  do  all 
extra  pumping  or  other  contingent  works  incident  thereto, 
being  paid  only  for  the  increased  quantity  of  brickwork 
or  masonry,  concrete,  or  other  material  according  to  the 
prices  set  forth  in  the  schedule  for  such  description  of 
work. 

Fmndatunu.  The  fouudationa  must  be  cut  out  as  nearly  to  the  size 
of  the  brickwork^  or  masonry  as  possible,  and  the  -vacant 
spaces  must  be  carefully  punned  up  to  the  surface  of  the 
ground. 

^  ardies  of  all  bridges  are  to  be  carefully  puddled 

over.  over  their  entire  surface  with  a  layer  of  puddle  not  less 
than  nine  inches  in  thickness;  and  the  space  between  the 
wing  walls  of  all  the  bridges  shall  be  filled  in  with  hard  dry 
material  well  rammed  down  where  it  can  be  obtained,  but 
when  it  is  necessary  to  use  clay  for  that  purpose,  it  shall 
be  firmly  punned  in  layers  of  not  more  than  nine  inches 
in  thickness. 

iJMfjjtoiie  In  bringmg  an  embankment  up  to  a  bridge  the  con- 
tractor shall  load  the  bridge  equally  on  both  sides,  by  wheel- 
ing the  material  from  the  embaidonent  or  elsewhere,  or 
by  teeming  from  off  the  bridge  so  as  to  allow  of  its  laying 

against  the  rbntmcnt,  with  a  slope  outward  from  it,  and 
punning  it  as  previously  described,  so  as  to  ^isureits  per- 
fect form  and  safety. 
sur&  if  ne-  Hc  shall  also  take  such  additinnnl  precaution  a?  the  en- 
med.  ^oieer  may  consider  necessary,  by  setting  up  temporary 
or  permanent  stays  or  shores  without  making  any  extra 
charge. 
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B%Jtote  brk%es  where  there  is  more  than  one  arch,  the 

spandrills  shall  be  comploto.ly  drained  hv  riirnns  of  iron 

StatoMnte.  pip^s^  c)^'  the  openings  ca.sed  with  brick,  in  cement,  through 
the  centre  of  the  piers  and  abutments. 

and"pa?ai«t     Thc  strinor  course,  parapet  walls,  and  coping  shall  not 

TOtm^°-^"'  be  put  on  uutil  after  the  centres  are  withdmwn  ;  and  in 
no  caee  shall  the  centring  be  struck  before  permission  of 
the  engineer  is  obtained. 

Centeiag.  All  ike  Centring  shall  be  such  as  shall  be  approved  of 
by  the  engineer. 
tnSuiu-  Great  care  mnst  be  taken  that  eaxsh  bridge  is  so  placed 
oiitdde  rails,  when  laid  in  their  uniform  and  pro- 
per line,  are  equidistant  from,  and  parallel  with,  the 
faces  of  the  abutments  or  parapet  walls,  aocordmg  as  the 
bridge  is  over  or  under  the  ndlwaj. 

It  is  to  be  understood,  that  whenever  in  the  drawings, 
or  in  any  port  of  the  particular  specification,  the  dimen- 
sion of  parts,  or  the  nature  of  materials,  may  be  directed 
differently  from  the  above  general  stipulations,  the  parti- 
cular directions  are  to  be  complied  with. 

Appboaches  to  Bbidoes  and  Paved  Cbossinos. 

Drawings,  No,  — . 

These  excavations  and  embankments  are  to  be  made  in 
the  some  manner  as  before  described  for  the  main  line  of 
railway,  and  with  such  slopes  as  may  be  directed  by  the 
engineer. 

The  contents  of  the  excavation  shall  be  conveyed  to 

the  nearest  embankment  or  spoil  bank. 

The  embankments  are  to  be  made  from  the  surplus  ma- 
terial in  the  excavation. 

When  no  snrplns  exists^  then  the  material  shall  be  pro- 
cured from  side  cuttinc^  in  the  nearest  excavation,  and  the 
contrnctor  to  be  paid  for  it  at  the  rate  specified  in  the  sche- 
dule of  prices  attached  to  bis  tender- 
Swpini)  ni:i-     J^,^f  -^hercver  there  is  a  surplus  material,  the  contractor 

terul   to  be  ^  •■■  ^ 

uied  to  form  sliall  cmplov  it  to  fomi  approaches  to  bridges  or  ^lorjcd 
B*%M>      roads,  and  the  cost  of  so  employing  it  shall  be  considered 

a  part  of  his  contract,  to  which  the  stipulations  and  prices 

for  extra  work  do  not  apply. 

Szcamtei       The  same  reffiilations  shall  be  applicable  (where  side 
WMnnclMi-  . 

cutting  is  required)  to  the  excavation  of  these  approaches. 
2C 
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AgrgJg^    All  the  approaches  8hall  be  made  of  the  height,  depth, 
jjj^  Diaw-  and  incliiuiLion  shewn  upon  the  section  of  the  approaches 
to  each  bridge. 

M««u*nf«  The  metalliii'T  shall  iu  all  cases  be  the  width  of  the 
bridge  between  the  abutment  and  parapet  walls,  as  the 
oase  may  be»  and  the  width  of  the  cutting  or  embank- 
ment shall  be  five  feet  more  than  this  at  the  level  of  the 
top  of  the  metalling, 

I'l^s^  The  length  shall  be  equal  to  the  whole  distance  of  the 
altered  suifaoe  as  shown  in  the  section  of  approaches. 

siapwutoi  All  the  sbpes  of  both  excavation  and  embankment  of 
bridge  approaches  being  made  at  the  rate  of  18  inches 
horizontal  to  1  foot  in  height 

Sra^M  De  anr&ce  of  the  embankment  when  formed,  shall  be 

made  r^olar  and  even,  and  well  beaten  with  heavy 
beaters. 

bSS?**  ^  ^^*»  *  ^"^^^  brushwood  or  heath,  and  then  a  coating 
stosM.  of  good  gravel  or  broken  stone  mnst  be  hud  over  the  whole 
surface  eight  inches  in  thickness,  and  as  soon  as  it  shtdl 
have  become  hard  by  the  carriages  passing  over  it,  another 
covering  of  material,  of  equal  quality  with  that  upon  the 
road  at  present,  shall  be  laid  on  seven  inches  thick  in  the 
middle,  and  four  inches  thick  on  each  side. 

The  rots  must  be  fiUed  up  from  time  to  time,  and  the 
surface  kept  smooth  and  even. 
TobefenewL  The  wholc  of  the  approaches  which  are  embanked  from 
either  termination  of  the  earthwork  to  the  parapet  walls 
of  the  bridges  must  be  protected  on  both  sides  by  wood 
posts  and  rails,  as  shown  iu  Drawing,  No.  — . 

The  wood  railing  mn^t  be  made  of  good  oak,  free  from 

sap,  :md  straight  gr^tiiu^d. 

pi£teeu'  ^     "^^^"^  ^"'^^^^  Ltiiich  of  tho  posts  as  are  shown  .ibove 

the  ground,  shall  be  sawn  out  .-r|nare,  neatly  planed,  and 
painted  with  two  coats  of  stone-coloured  paint ;  all  the 
joints  must  be  made  with  white  lead,  and  all  the  wood 
beneath  the  surface  of  the  ground  well  charred. 
FMtid*^  Those  approaches  where  the  line  of  road  and  not  the 
luu*.  level  is  altered,  and  also  those  thai  are  formed  by  exca- 
vating, must  be  protected  on  each  side  and  throughout 
the  whole  of  the  extent  of  the  alteration  by  quickset 
fencing  and  ditdiing,  dmilar  to  that  described  for  the 
railway,  but  having  an  additional  line  of  poets  and  rails, 
namely,  one  on  each  side  of  the  quickaets. 
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J5f5^      Previous  to  the  works  oonnected  with  any  bridges, 
approaches  to  bridges,  approaohes  to  payed  crosamgs,  or 
*SSLa$  ^Jivendons  of  roads^  which  may  in  any  way  affect  existing 
g;»g'*»    roads,  bebg  commenced,  a  good  and  wdl-made  tempo- 
rary road  shall  be  provided  and  maintained  for  the  free 
and  uninterrupted  passage  of  carriages  of  every  descrip- 
tion.  Every  precaution  shall  be  taken  by  the  contractor 
during  the  alteration  of  any  road  to  erect  proper  fencing, 
and  fix  and  maintain  lights  for  the  protection  of  travellers, 
the  company  will  not  be  held  responsible  for  any  injury 
which  may  arise  from  the  neglect  of  these  precautions. 

The  whole  of  tlio?(>  observations  shall  be  considered  to 
apply,  unless  in  any  particular  case  they  may  be  directed 
otherwise. 


IHtrlng 
8t«Dca. 


Payed  Crossings. 

Drawiiiff,  No,  — , 


All  the  roads  crossing  the  railway  without  bridges,  are 
to  be  paved  at  the  intersection  with  the  railway,  in  the 
same  manner  as  sLuwn  in  Drawing,  No.  — ,  with  good 
six-inch  paving  stones  of  Penmaen.  Mawr,  Dublin,  or  other 
granite  equally  good. 

The  paving  must  be  laid  on  a  bed  of  line  clean  gravel 
of  nx  inches  in  thickness,  in  a  solid  and  substantial 
manner. 

The  paving  stones  must  be  cubes  as  near  as  possible. 
ir  Each  rail  must  be  protected  by  two  iron  bars,  as  shewn 
in  Drawing,  No.  —  ;  they  will  be  considered  part  of  the 
rails,  and  provided  by  the  company.  The  present  con- 
tract is  to  comprise  six  of  these,  and  any  additional  number 
that  may  be  required  shall  be  executed  at  a  price  to  be 
named  in  the  sdiedule. 


CuLVii.iiXa. 

Drawing,  No.  — . 

c«iT«rft.  The  culverts  throughout  this  contract  are  to  he  built  in 
the  situations  marked  upon  the  general  section,  of  the 
form  and  dimensions  shown  in  Drawmg,  No.  — *  The  siae 
being  selected  to  suit  the  particular  situation. 
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DiiMdanf  of 


SoA  QtcmA 
to  be 


Mterial  to 
lie  laid  OT«r 
ColTWta. 


CtUverts  to 
«Xteiwl  under 


Wherever  ihe  cGiedaon  or  pontion  of  the  culvert  does 
not  oorreepond  with  that  of  the  stream,  ather  in  line  or 
level,  the  stream  shall  he  altered  so  that  the  water  may 
he  oonducted  to  or  from  each  end  of  the  culverts  in  the 
manner  hest  fitted  for  &oilitatmg  the  drainage. 

Where  the  foundations  are  insecure,  the  soft  ground  is 
to  be  taken  out,  and  the  space  filled  m  vdth  solid  dry 
material,  such  as  the  engineer  shall  approve  of,  without 
any  extra  charge. 

All  culverts  exceeding  three  feet  diameter,  shall  be 
covered  with  dry  or  hard  material  two  feet  above  the  top, 
and  ten  feet  on  each  side ;  and  the  part  adjoining  the  cul- 
vert, extending  to  a  distance  of  four  feet  from  the  brick- 
work or  masonry,  to  be  well  punned  in  layers  of  one  foot 
in  thickness,  before  the  embankmeDt  shall  be  allowed  to 
come  upon  it 

Culverts,  under  three  feet  in  diameter,  are  to  ext^nfl  m 
length  under  the  fence  of  the  railwav  :  each  culvert  must 
be  built  in  a  direction  which  may,  in  liie  opinion  of  tlie 
engineer,  afford  a  free  and  uninterrupted  passage  for  the 
water. 

The  general  stiptdations  for  masonry  and  brickwork, 
hereinbefore  given^  are  applicable  to  these  culverts. 


DiTBBSION  OF  BOADS. 


Alterations 
in 


Soil  iu  be 

taken  off. 


Melallinff- 


Wbartno 

Wtmebutot 


or  £nibaak- 


The  alteration  necessary  to  be  made  in  the  direction  of 
the  existing  roads  for  this  contract,  exchisive  of  those 
which  are  required  in  approaching  bridges,  are  shown  upon 
the  general  plan  (Drawing,  No.  — ). 

Where  the  level  of  the  new  roadway  is  near  the  sur- 
face, the  top  soil  must  be  removed  from  the  space  to  be 
occupied  by  the  road,  and  the  surface  made  uniform  and 
regular  for  receiving  the  metalling. 

The  materialand  manner  of  laying  it  on  to  be  the  same 
as  described  for  the  approaches  to  bridges,  the  thickness 
being  twelve  inches  when  a  public  road,  and  eight  inches 
when  an  occupation  road. 

In  cases  where,  in  the  opinion  of  the  engineer,  no  me- 
talling or  fencing  is  required,  a  deduction  will  be  made  of 
the  cost  of  such  metalling  or  fencing,  according  to  the 
sdiedule  of  prices. 

Any  ezcavntion  or  embankment  that  may  be  necessary. 
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shall  be  done  by  the  contractor  in  the  same  manner  as 
directed  for  similar  works  upon  the  line  of  the  railway. 

The  fencing  shall  be  similar  to  that  described  for  the 
railway,  but  having  an  additional  line  of  posts  and  railing, 
Yiz.,  one  on  each  side  of  the  c^uicksets. 


BAiii«ASTi]f&  AND  Laying  the  Febuaneni  Way. 

The  railway  is  intended  to  form  a  double  way,  composed 
of  four  single  lines  of  ruds. 

FianiM.  The  several  level  and  inclined  planes  are  shown  bjthe 

blue  hne  on  the  Section  Drawing,  No.  — ,  which  repre- 
sents the  surface  of  the  railsj  and  the  directions  on  the 
general  plan,  (Drawings  No.  — ). 

comt.  The  greatest  care  will  be  required  that  the  portions 
shown  upon  the  plan  as  straight  be  made  strictlj  so  upon 
the  ground*  and  that  the  curves  are  all  uniform  and  neatlj 
brought  into  the  straight  lines. 

J^S;^^  The  laying  and  ballasting  the  permanent  way  is  in- 
tended to  be  completed  in  such  portions  and  at  such 
times  as  will  suit  the  conyenienoe  of  the  contractor  in 
executing  the  works. 

Previous  to  the  delivery  of  the  materials  of  the  perma- 
nent way  to  the  contractor,  the  surfiuse  of  the  embank- 
ments and  bottoms  of  the  excavations  shaU  have  been 
made  of  the  proper  line,  height,  and  depth,  and  uniform 

Embank-    in  width,  level,  and  inclination.    They  shdil  be  completely 

E^!^^u,  drained  from  all  water,  and  certified  by  the  engineer  as 

tobeorataed.         in  a  fit  statc  to  rcccive  the  permanent  ballasting. 

Matoiab.  The  materials  to  be  delivered  to  the  contractor  will  con- 
OBt  of  sleepers  or  blocks,  rails,  chairs,  and  fastenings; 
and  he  will  be  held  responsible  for  the  replacement  in  case 
of  loss  or  injury  to  the  materials  thus  delivered  to  him 
from  the  time  of  their  delivery  till  the  expiration  of  this 
contract. 

iMthwrct  They  will  be  delivered  by  the  company  at  some  conve- 
nient wharf,  whence  they  must  be  conveyed  by  the  con- 
tractor to  the  works  at  his  own  expense.  The  company 
will  provide  the  necessary  sleepers,  a  particiilar  description 
of  which  is  hereinafter  given. 

The  rails  will  be  in  len<rths  from  12  to  18  feet ;  they  will 
be  supported  at  every  yard  by  a  cast-iron  chair  or  pedestal, 
which  will  be  accompanied  by  wroughL-irou  keys  for  fixing 
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the  lails  on  the  (Amr,  and  with  two  pinB  or  spikes  for 

fixing  the  ehaur  on  the  sleeper* 
The  dimensions  of  each  part^  and  the  constniction  of  the 

whole,  are  shown  on  Drawing,  Na  — . 
The  material  for  baUastmg  shall  be  composed  of  broken 
^        stone,  cinders,  or  clean  gravel,  entirely  free  from  any  ad* 

mixture  of  day  or  material  retenliye  of  moisture ;  if  broken 

stone  be  used,  none  shall  be  larger  than  will  pass  through 

a  ring  two  luclies  in  diameter, 
ineiicstiiiok.  bfJlastiug  shall  be  spread  over  the  whole  surface  of 

the  tops  of  the  embankments  or  bottoms  of  the  excaTalions 

between  the  drains,  of  an  uniform  thickness  of  twelve 

inches. 

BroW '^'^"^     And  as  soon  as  the  sleepers  have  been  carefully  laid,  the 

Stone.  intervals  between  them,  and  between  the  outer  ends  and 
the  edge  of  the  embankment,  or  the  drain  at  the  bottom  of 
the  onttings,  are  to  be  filled  in  to  the  Ipyel  of  the  top  of  the 
sle'-[  K  r  with  broken  i5tono«t,  efpir?!  in  quality  to  those  in  the 
bottom  bed,  and  to  a  height  ui  two  and  a  half  inches  }>p1ow 
the  sur£a>ce  of  the  rail,  and  the  interstices  to  be  iihed  in 
with  smaller  stones,  they  being  beaten  down  to  render  the 
entire  width  a  consolidated  mass. 

This  stratum  of  ballast  cliall  be  beaten  into  a  firm  and 
solid  mass  by  heavy  beaters^  worked  by  at  least  two  men ; 
and  the  thiddiess  before  mentioned  shall  be  considered  toap- 
ply  only  after  this  operation  has  been  effectually  performed. 

Upon  this  surface  the  sleepers  are  to  be  laid  in  their 
proper  utuations  for  receiving  the  rails. 

Beci^r  Sleep,  xhc  bsUflsting  intended  for  the  bed  of  the  sleepers  shall 
be  beaten  by  heavy  beaters,  and  each  sleeper  also  fordbly 
beaten  when  it  has  been  placed  in  its  position  until  it  haa 
become  firmly  and  uniformly  bedded  throughout  its  whole 
length  and  reached  its  proper  level. 

beSsS' "  If  it  should  be  found  lower  than  required,  it  shall  be  re- 
moved, and  additional  material  to  be  placed  in  its  bed ;  the 
same  process  as  before  must  then  be  renewed  until  it  has 
reached  its  proper  level 

iSTiiSdir      ^®  ^       **       proper  level  and  inclina- 

tion, and  at  the  proper  bevil  to  fit  the  cone  of  the  wheels, 
to  be  perfectly  parallel,  and  at  the  same  hdght  at  any  one 
point;  the  joints  must  be  made  perfectly  even,  whether 
square,  half*l^ped,  or  scarfed,  and  be  firmly  secured  in 
the  chairs. 
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airip^rt  *  of  way  are  to  be  six  feet  apart,  and  tbe 

width  between  the  insides  of  the  rails  of  eack  way  foiu  feet 
eight  inches  and  a  half. 

SSCC^bJ  The  wood  deepers  must  be  cut  on  the  tipper  surface  to 
the  proper  level  for  the  reception  of  the  chidr,  which  must 
be  firmly  fixed  on  the  exact  guage>  to  be  fundshed  bj  the 
engineer.  The  pins  shall  not  on  any  account  be  driven 
into  the  sleepers  without  the  hole  having  been  previously 
bored  with  a  proper  sized  auger. 

The  rails  must  be  securely  fixed  in  each  chair  by  keys ; 
the  chair  shall  be  firmly  fixed  on  the  sleeper. 

JJJjg^  Any  of  the  rails  which  may  be  twisted  or  bent  in  the 
least  degree,  to  be  made  perfectly  straight  with  proper 
hammers  and  acvils^  previous  to  thdr  being  laid  down. 

mty^u^"'  contractor  may  use  any  rock,  gravel,  or  other 

KxaivLtion?^  suitable  matcnal  for  ballasting  which  may  occur  in  any  of 
jlfi'*'^'  ^^^^  excavations  Included  In  this  contract;  but  if  in  so  doing 

cieiKyr.  Ijc  ^linH  causc  any  deticlcncy  in  the  material  for  the  for- 
mation (nf  the  cuibaukraeuts,  he  shall  make  up  the  deficiency 
by  a  side  cutting  in  such  of  the  excavations  as  the  engineer 
may  point  out,  aud  at  his  own  expense. 

Stone  takeu     The  contractor  m  also  at  liberty  to  obtain  stone  for 

from  Cut-  I  .  J      ■  ■ 

Jj^not  to  bridges,  culverts,  drains,  or  other  masonry,  provided  it  is 
fiotaie/.  of  a  quality  approved  bv  the  engineer ;  but  if  in  so  doing 
he  shall  causc  any  deficiency  in  the  material  for  the  forma- 
tion of  the  embankments,  he  shall  make  up  the  deficiency 
by  a  side  cutting,  at  his  own  expense,  in  such  of  the  exca- 
vations as  the  engineer  may  point  out ;  and  if  such  side 
cutting;  shall  require  an  additional  quantity  of  land,  the 
contractor  shall  indemnify  the  oompany  for  the  purchase 
of  the  same. 

fo^J'S  ^®  contractor  shall  in  no  case  remove  any  material 
ftjomKm.^  from  the  intended  dites  of  any  of  the  embankments  unless 

permitted  by  the  engineer. 
Titotaiu.  Tile  drains,  throughout  all  the  excavations,  are  to  be 
laid  in  the  ballasting,  as  shown  in  Drawing,  No.  — ;  one 
shall  be  laid  in  the  centre  of  the  ballasting  throughout  the 
whole  extent  of  the  excavation^  and  shall  have  cross  drains 
wttbMttmw  ^  every  five  yards,  communicating  with  the 

tar  put  In  'drains  on  either  side  alternately :  they  must  be  properly 
and  securely  laid,  without  mortar,  excepting  18  mcnes  m 
length  at  the  open  ends,  which  shall  be  laid  with  water 
Ume. 
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^ptfcr  oootnictor  sball  give  the  aamstant  en^eer  areoeipt 

stating  the  number  of  rails  or  other  materialB  in  each  par- 
eel  delivered  to  him  and  placed  in  his  possession;  he  shall 
be  accountable  for  the  loss  of  anj  part  of  them ;  he  shall 
also  replace  any  rails,  chairs,  pins,  blocks,  trenails,  or 
sleepers  whidi  may  have  been  broken,  or  otherwise  ren- 
dered unfit  £ot  use  while  in  his  possession,  or  during  the 
progress  of  the  works. 

^^SS  contiactor  shall  be  at  liberty  to  make  adings  or 

crossings  from  one  line  of  the  permanent  road  to  the  other, 
for  his  own  coayemence  during  the  progress  of  the  work, 
provided  he  does  not  injure  the  rails  in  so  doing,  and  re- 
moves  them  when  the  works  «re  complete. 

"''^it'  .  waggons,  carriages,  or  engines  employed  by  the  <K>n- 

S^y*^'  ^'^^^^  ^®  permanent  road,  shall  have  a  greater  weight 
placed  on  any  one  axle  than  three  tons,  unless  the  engine 
or  carriages  are  placed  on  good  and  sufficient  springs ;  and 
when  they  are  so  mounted,  the  weight  on  any  one  axle 
shall  not  exceed  four  tons. 

Such  portions  of  the  permanent  road  as  are  used  by  the 

iiHiinteiiMwi.  contract<n:  in  conveyance  of  material  from  the  excavations 
(according  to  the  stipulations  ah'cady  described  under  that 
head,)  or  for  any  other  purpose,  shall  be  carefully  attended 
to^  and  kept  well  drained,  and  in  good  repair,  and  ad- 
jugtinent. 

to*te'tuMidif  sleeper  which  has  been  used  in  any  temporary  road 
iqjiiNd.      during  the  progress  of  the  work  shall  be  made  use  of  in  the 

permanent  road,  unless  aucli  shall  have  been  inspected  and 

pronounced  suiicieut  by  the  engineer. 


Wooden  Si^epers. 


The  sleepers  to  be  of  larch,  oak,  pitchpine,  or  teak. 

Sleeper  to  be    liarch  slccpers  to  be  cut  from  sound  treea,  slowly  grown  ; 

OAetionff.  filecper  to  be  nine  feet  long  by  10  inches  wide  and 

five  inches  thick,  at  the  centre  of  the  smaller  end,  being  a 
pole  of  larch  ten  inches  in  diameter  (exclusive  of  bark,)  at 
the  smaller  end,  and  nine  feet  long,  sawn  up  the  middle. 

o«^  Lurch,    When  sleepers  are  cut  from  oak  trees  not  larger  than 
those  above  spedfied  for  larch,  they  shall  be  sound,  and  of 
the  same  dimensions  and  thickness,  but  these  dimensions 
are  only  to  include  half  an  inch  of  sap. 
When  the  deepers  are  made  from  large  timber,  whether 
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oak,  pitchpine,  or  teak,  they  shall  be  80imd>  free  from  sap 
or  decay,  and  not  shaken,  to  be  squared  up  to  the  dimen- 
sions of  nine  inches  by  fonr  and  a  half  inches  at  the  smallest 
part  and  nine  feet  long.  All  the  wooden  sleepers  above 
described  ore  to  be  subjected  to  Kyan's  Patent  Process. 


Laying  and  Ball.astin6  the  Pebmakeni  Sidings. 

Sidings  to  be     The  t^l(linn;s  are  to  be  laid  in  such  positions  and  in  such 

<iu««t«<L  lenfftli,^  as  may  be  directed  by  the  engineer  ;  they  must  be 
laid  iu  the  manner  and  form  shown  in  the  Drawing. 

Raiktobe  The  Contractor  will  be  required  to  take  up  any  part  of 
the  rails  already  laid  down  that  may  be  found  necessary  to 
cut  them  into  their  proper  lengths  for  the  reception  of  the 
other  iron  work,  to  relay  them,  and  fix  all  the  necessary 
crossing  plates,  check  rails,  moveable  points,  or  sliding 
rails,  with  the  requisite  machinery  tor  moving  them. 

The  whole  must  be  made  equally  as  firm  and  substantial 

last.  "  as  the  other  parts  of  the  permanent  way.  The  specifica- 
tion of  the  permanent  batlasting,  already  described^  must 
be  considered  applicable  in  all  respects  to  the  construction 
and  ballastiag  of  the  sidings.  The  iron  rsils^  chairs^  keys^ 
pins,  points,  crossings,  switches,  dieck  rails,  moTcable 
pomts,  or  dding  rails,  and  sleepers,  being  found  by  the 
company. 


Time  of  Completion,  Mi^AoUKEMENTS,  Payments,  &c 

coa^tetion.  Contractor  shall,  on  or  before  the  » 

complete  the  whole  of  the  works  herein  spedfied,  and 
such  additional  works  as  the  engineer  may  direct  to  be 
executed,  so  as  to  render  the  line  of  railway  along  the 
whole  distance  in  every  respect  fit  for  the  safe  and  coutc- 
nient  transit  of  locomotire  engines  and  other  carriages. 

jjjgy*-  All  measurements  of  works  shall  be  according  to  the 
actual  dimensions,  notwithstanding  any  general  or  local 
custom  to  the  contrary. 

o>iiUMttMr     The  contractor  shaU  at  all  times  be  present  on  the  works^ 

pnMBt  on  or  in  his  absence  he  shall  provide  a  competent  representa- 
tive, fully  authorized  to  act  in  his  behalf  in  all  matters  re- 
lating to  this  contract 

ooatiMtor      The  contractor  shall  at  all  times,  by  day  and  by  night. 
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loflDdUNmr  provide  and  use,  at  his  own  cost,  all  oTerlookeis.  labour, 
and  to      and  materials  of  every  description  whatever  that  may  be 
SSCw^  required  for  proceeding  with  and  completing  the  works  in 
a  workmanlike  manner,  and  shall  proceed  tiierem  at  the 
rate  of  progress  that  may  be  from  time  to  time  required 
by  the  engineer. 

^^'^ptiooi    It  is  to  be  understood,  that  though  certain  descriptions- 
th^^lL  and  stipulations  are  not  repeated  or  implied  in  different 
^  parts  of  this  specification,  and  in  the  contract  to  be  entered 
•tood.  '   into  for  the  fulfihnent  of  the  same,  it  shall  not  be  thence 
inferred  that  the  remaining  directions,  descriptions,  and 
stipulations,  of  which  there  shall  be  no  repetition  or  ampli- 
fication,  are  in  anywise  invalidated. 

The  contractor  shall  at  intervab  of  every  two  months 
JjJJJMjf  furnish  to  the  en^neer  a  statement  of  all  contract  work 
M«»«h«,     done  by  him  during  that  period;  the  value  of  which  work 
shall  be  estimated  according  to  the  schedule  of  prices  at- 
tached to  the  contract,  and  the  amount  of  such  account, 
I^TMa  to  after  being  certified  by  the  engineer,  shall  be  paid  to  the 
contractor  after  deducting  10  per  cent  off  the  amount ; 
one  half  of  such  deducted  sum  for  the  preceding  six  months 
shal],  at  the  discretion  of  tbc  company,  be  paid  over  to 
the  contractor  at  the  termination  of  every  interval  of  six 
months,  if  the  contractor  is  proceeding  with  the  works  to 
the  satisfaction  of  the  engineer,  and  he  shall  certify  to  that 
effect,  and  the  remainino-  hnlf  «hal1  remain  in  the  hands  of" 
the  company  during  the  prugi       ,uid  till  the  completion 
of  the  works, and  for  twelve  monihs  after  their  comjjletion, 
when  the  amount,  together  with  interest  at  the  rate  of  4 
per  cent.,  calculated  from  the  period  of  completing  the 
work,  sluili  be  paid  to  the  contractor  upon  the  certifi- 
cate of  the  engineer  of  the  whole  of  the  work  being  in  a 
satisfactory  and  proper  state. 
Advances  to     In  intervals  between  the  periods  of  payments  above- 
tr«:u»r    named,  viz.,  every  two  months,  the  company  will,  if  re- 
quired, advance  to  the  contractor  payments  on  account  of 
work  and  materials;  the  amount  of  such  payments  being 
dependent  upon  the  certificate  of  the  engineer. 
to'furHsh'^      The  contractor  shall  furnish  to  the  en^neer  a  statement 
Bt^t«ui.  nt^  of  work  done,  and  in  respect  of  which  he  requires  inter- 
^dyanc«a    mediate  advances;  but  the  certificate  of  the  enodneer  shall 

being  mad*.       i    i     i*  « 

only  be  for  such  amount  as  he  may  think  proper  to  certify. 
And  should  the  engineer  be  at  any  time  dissatisfied  with 
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If  the  works  the  nature  or  mode  of  proceeding  in  or  at  the  rate  of  pro- 
proceed  gress  of  the  work,  or  any  part  thereof,  he  shall  have  full 
Engineer  hai  powt^i  10  procure  and  make  uae  of  all  labour  and  uiaterials 
procMeany  which  he  may  deem  necessary,  deducting  the  cost  of  such 
aiwutante  he  laboiir  and  materlaLs  from  the  money  that  may  be  due  or 
accessary',  become  due  to  the  contractor.  But  it  is  hereby  expressly 
©ortte*^  declared,  that  the  possession  of  this  power  by  the  engineer 


shall  not  in  any  d^ree  relieve  the  contractor  of  his  obli- 
gation to  proceed  in  the  execution  of,  and  to  complete  the 
works  with  the  required  expedition.  Should  the  con- 
tractor fail  to  proceed  with  the  works  in  the  manner  and 
at  the  rate  of  progress  required  by  the  engineer,  this  con- 
tract shall  be  (at  the  option  of  the  company  but  not  other- 
wise) considered  void,  so  far  as  relates  to  the  work  remain- 
ing to  be  done ;  and  all  sums  of  money  that  may  be  due  to 
the  contractor,  together  with  the  materials  and  implements 
in  his  possession,  and  all  sums  of  money  named  as  penalties 
for  the  non-fulfilment  of  the  contract,  shall  be  forfeited  to 
the  company,  and  the  amount  shall  be  considered  as  ascer- 
tained damages  for  breach  of  contract, 
▲itagku  It  is  to  be  distinctly  understood  that  the  en^eer  may 
to,<n>d«dae.  at  all  times  direct  that  there  shall  be  made  any  alterations 
jjvojtt*  in,  additions  to,  or  deductions  from,  any  of  the  works 
heroin!  efore  described  or  referred  to;  and  which  alter- 
ations in,  additions  to,  or  deductions  from,  the  amount  of 
work  contracted  for,  shall  be  valued  or  estimated  according 
to  the  schedule  of  prices,  filled  up  by  the  contractor,  and  at- 
tached to  his  tender,  and  that  the  prices  inserted  in  the 
schedule  shall  be  considered  including  all  labouragc,  mate- 
rials, and  all  contingent  expenses  connected  with  the  work 
to  which  such  prices  a})i)ly,  and  the  contractor  is  required 
to  fill  up  the  whole  of  the  schedule,  whetlier  the  same 
appears  applicable  to  the  present  contract  or  not 
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of  do  hereby  propose 

to  make  and  complete  the  railway,  with  all  the  excavations,  em- 
bankments, bridges,  culverts,  drains,  fences,  and  other  works  con- 
nected therewith,  induding  the  laying  and  ballastang  the  pemanent 
way  throuj^iout  the  entire  length,  irom 

to  being  a 

distance  <^  and  to  keep  the  same 

in  repair  for  one  year  alter  completion,  and  to  find  and  provide  all 
the  requisite  materials  (except  the  iron  rails,  sleepers,  chairs,  and 
fastenings)  according  to  the  pkms  and  specifications,  and  within 
the  periods,  and  upon  the  terms  and  conditions  mentioned  and 
contained  in  the  draft  contract,  exhibited  to  me,  for  the  sum 
of 

And  I  have  in  the  SCHEDULE  hereto  annexed,  set  forth  the 
price  of  the  dilferent  descriptions  of  work  at  which  the  aggregate 
amount  of  this  tender  is  computed,  and  according  to  which  the 
value  of  all  additions  to,  or  deductions  from,  the  work  specified,  is 
to  be  estimated;  and  hereby  undertake  to  execute  a  contract  accord- 
ing to  the  draft  before  referred  to  within  a  fortnight  from  this  date. 
And  I  propose  of 

and  of  as  sureties 

for  the  due  performance  of  such  contract. 
WiTN£d8  my  hand  tliis  day  of 


SCHEDxaB  referred  to,  oontainmg  a  list  of  the  prices  at  which  the 

foregoing  tender  of  is  computed,  and  according 

to  which  the  value  of  all  additions  to,  or  deductions  from, 
the  work  specified,  is  to  be  estimated. 

£     9  d 

Average  price  of  earthwork  deposited  in  embank- 
ments, per  cubic  yard         •       .       .      .  , 

Earthwork  deposited  in  einliuukinentg  when  the 
length  of  lead  does  not  exceed  one  quarter  of  a 
mile,  at  per  cubic  yard       •      .       .       .  , 

Not  exceeding  half  a  mile       .      at  per  cubic  yard 

Not  exceeding  three-quarters  of  a  mile    .  do. 

Not  exceeding  one  mile  .  .da 

Not  exceeding  one  mile  and  a  quarter      .  do. 

Not  exceeding  one  mile  and  a  half  .      .  do. 

Not  exceeding  one  mile  and  three-quarters  do. 

Not  exceeding  two  miles        .      .  .do. 

For  every  additional  quarter  of  a  mile      .  do. 
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Ayerage  price  of  earthwork  in  spoil  banks  per  cob.  jd. 
Earthwork  in  spoil  bank  excavated  to  the  depth  of 
10  ft.  below  the  sur&oe  of  the  ground,  at  per  cubic 
yard         .      .      .      .      '  ' 
Ewthwork  for  every  sucoeeding  10  ft.  in  depth,  at 

per  cubic  yard  

Earthwork  barrowcJ  a  distance  not  exceeding  25 

yards,  at  per  cubic  yfini  

Ditto  for  every  additional  25  yarda,  ditto 
Soiling  and  sodding  embankments,  &c,  including 
sowing  with  hay  seeds,  per  sup.  yard  •  .  . 
Soiling  and  sodding  cuttings,  per  do.  .  .  . 
Dry  pitcbing  with  sand  stone,  9  in.  thick,  per  do 
Ashlar  stono  in  foundations  and  in  bond  courses, 
pick  dressed,  and  set  in  nmrtar,  at  per  cubic  yard 
'  Ashlar  stone  in  walls  Iroiu  quarry,  per  cub.  foot 
Do.  „        —  do. 

]|  j  Do.  n  —  do. 
I  j     Do.  „    do. 

^      Do.  M    do. 

Do.  »    do. 

Block  in  course  stone  work  from  quarry,  per 
cub.  yard 

Do.  &om  do. 

Do.  „    do. 

Do.  9»    do. 

Do.  9f    do. 

Da  »    do. 

Da  „    da 

Coursed  rubble  backing  with  mortar,  per  cubic  yard 
Bandom  rubble  backing       da  da 
Do.         do.  kid  dry  da 

Well-bumt  hard  bricks,  per  thousand 
Brickwork  of  do.  set  in  mortar,  at  per  cubic  yard  . 
Brickwork  of  blue  Staffordshire  or  BuUdey  mountain 
bricks,  at  per  cubic  yard  ..... 

Exixa  price  of  masonry  in  askew  nrf^hes,  at  do. 
Extra  price  of  setting  masonry  or  brickwork  in  Bo- 
man  cement,  at  do.  ...... 

Do.  of  setting  masonry  or  brickwork  in  water  lime, 
at  'io.  .,«..... 

Concrete  (6  of  gravel  to  I  of  iimej  with  common 
lime,  at  da        .  •  


I 

1 

I 
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Concrete  with  water  lime^  at  per  cubic  yard  . 

Puddle  of  clay,  well  tempered,  at  do.  . 
Do.  laid  in  9  in.  courses,  and  well  punned,  at  do. 
Common  rubble  walls  for  fences,  including  coping 
net  in  mortaTj  per  Drawings  No* — ,  at  per  sup. 

Larch  sleepers,  Kyanized,  at  per  sleeper  ♦ 
Do.       do.       chaired  and  laid,  at  do. 

Oak  sleepers  do.,  at  do  

Do.       do.       chaired  and  laid,  at  do.  . 
Common  draining  tiles  laid  in  drains,  at  per  thousand 
Bulkley  mountain  drain  tiles,  at  do.  ... 
Poet  and  rail  fencing,  including  ditch  and  quicksets, 

at  per  lineal  yard  

A  field  gate,  with  posts,  &c.,  complete  . 
Larch  poets  for  fencing,  6  ft.  6  in.  long,  at  per  post 
Oak  poets        do.         do.  do. 
Larch  rails       do.      10  ft.  6  in.  long,  at  per  rail 
Post  and  rail  fence  for  approaches  to  bridges,  as  per 

Drawing,  per  lineal  yard,  single  fence  . 
Laying  and  ballasting  pennanent  way,  including  tile 

or  brick  drain,  per  lineal  yard  .  ,  .  . 
Laying  permanent  way,  exclusive  of  ballast  and 

drains,  per  lineal  yard  

Ballasting  only,  per  cahic  yard      .      .      .  . 
Piimace  sbgs,  broken  or  spread,  per  ton 
Common  cinders,      do.  da      .      .  . 

A  paved  crossing,  complete,  (see  Kg.—,  Drawing, 

No.— >   .  . 

Leading  rail?,  and  other  materials,  including  loading 

and  unloading,  at  per  ton  per  mile 
Pitch  pine  lamber  in  balks,  or  hurge  scantlings,  de- 
livered, at  per  cubic  foot  

American  red  pine,  do.  

Do.  yellow  ^e,  do  

Baltic  or  Memd  do  

Snbiecting  timber  to  Kyan^s  patent  process,  do. 
Cast-iron  in  girders  or  heavy  work,  fit  and  fixed,  at 

per  ton  ... 
Do.  in  colnmriR  or  pilf^«. 
Do.  small  and  ornamental,       do,  do. 
Wrought-ijon,  upwards  of  Tibs,  in  a  piece,  such  as 

plates,  bolts,  &c.,  fit  and  fixed,  at  per  cwt.  . 
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Wrought-iroD,  less  than  Tibs.,  and  more  highly 

finished,  fit  and  fixed,  at  per  ewt. 
Pacing  roflidd  or  streets  with  Welsh  honlders,  6  inches 

thick,  per  sop.  yard  

Ditto  square  sets,  do.  do. 

Metalling  roads  with  hard  stone,  broken  and  spread, 

at  per  cubic  yard  

.An  occupati(m  bridge  over  the  railway 
1^0.  under  do. 

I     CuIyertB  of  6  ft.  diam.  without  &ontB,per  cub.  yd. 
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do. 
do. 


do. 
do. 
do. 
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do. 
do. 
do. 
do. 
do. 
do. 

mcl  tim- 


.  Culvert  fronts 
The  price  of  sheet  piling  of  Dantzlc  or 

ber  from  4  to  8  inches  in  Uiickat^s,  «huti  with  iron, 
hooped,  and  driven  to  any  depth  not  exceeding  15 
feet,  and  the  tops  cut  off  level  and  bolted  to  the 

walling,  at  per  cubic  feot  

Do.  driven  to  a  greater  depth  than  15  feet,  but  not 

exceeding  20  feet,  at  per  cubic  foot  . 
Do.  25  feet,      at  per  do.  ... 

The  price  of  memel  or  beech  sleepers  (**  Walmg  tim- 
ber **)  bolted  to  the  pie  heads,  complete,  at  do.  . 
The  price  of  larch,  beech,  or  memel  bearing  piles, 
from  10  to  16  inches  diameter,  hooped,  shod,  and 
driven,  with  their  tops  cut  off  and  levelled,  ready 
to  receive  the  piankmg — 
For  any  length  not  exceeding  1 5  ft,  at  per  cubic  foot 
I>o.  20  a,  do. 

Do.  25  ft,  do. 

The  price  of  memel  or  beech  planking,  2  to  4  inches 
thick,  spiked  to  the  pile  heads,  and  prepared  for 
the  masomy,  at  per  cubic  foot  .... 
The  price  of  maintaining  or  keeping  in  good  order 
the  double  line  of  permanent  way  and  fences  for 
the  period  of  one  year  after  the  completion  of  the 
wliolc  works,  at  per  mile  ..... 

K.B.  It  is  to  be  understood  that  only  the  exact  quantity  or  net 
measurement  of  any  material  or  work  is  to  be  taken  in  all  cases, 
notwithstanding  any  custom  to  the  contrary. 
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CHAPTER  Xm. 

COLONIAL  SURVEYINO. 

Thb  first  operations  required  in  a  perfectly  new  settlement,  are^ 
the  division  of  the  land  upon  whidi  settlers  are  to  be  located  into 
sections  of  sudi  size  as  may  be  considered  best  adapted  to  their 
wants, — and  the  marking  out  the  plan  of  the  first  town  or  towns, 
the  sizes  and  positions  of  which  will  of  course  be  regolated  by  local 
circumstances  and  advantages;  whilst  the  first  rural  sections  will 
naturally  be  required  either  in  their  immediate  vicinity,  or  conti* 
gnous  to  the  main  lines  of  communication  leading  to  the  difierent 
portions  of  the  province,  whose  local  importance  is  the  earliest 
developed. 

In  the  case  of  a  small  settlement  establidhed  upon  the  coast  of 
any  country  for  the  immediate  reception  of  settlers  who  require  to 
be  put  in  possession,  directly  upon  their  arrival,  of  a  certain  stipu- 
lated amount  of  land  for  agricultural  or  other  purposes,  the 
simplest  form  of  survey  must  necessarUy  be  adopted ;  Hiat  de- 
scribed in  Capt.  Daw8on*8  Beport  upon  the  Survey  of  New 
Zealand  for  instance, — ^which  consists  simply  in  marking  methodi- 
cally upon  the  ground  the  angles  of  a  continued  series  of  square 
or  rectangular  figures,  leaving  even  the  roads  wliicb  arc  intended 
to  surround  each  block  of  8ection8,  to  be  laid  off  at  some  iuture 
period, — would  answer  the  purpose  of  putting  impatient  emigrants 
in  possession  of  a  bonicstcad  containing  about  the  number  of  acres 
to  which  they  might  be  entitled.  But  this  system  could  not  be 
carried  out  extensively  with  any  degree  of  accuracy,  even  in  a 
comparatively  level  country,  and  not  at  all  in  a  mountainous  or 
irregular  one.  In  fact,  it  irf  not  a  survey  ;  and  though  perhaps  it 
may  sometimes  be  necessary  to  adopt  wiiat  Mr.  F.  Wakefield,  in 
his  recently-published  p;ioiphlet  upon  Colonial  Surveying,  terms 
this  make-shift  process,"*  the  sooner  a  regular  burvuy  Lakes  its 
place  the  better  for  tlie  colony,  even  on  the  score  of  the  ultimate 
saving  that  would  be  effected  by  getting  rid  of  the  necessity  of 
incessant  alterations  and  corrections ;  to  say.  nothing  of  the  amount 

*  For  an  explanation  of  the  details  of  thls^pedes  of  eurve^g,  we  Mr.  Kingston'a 

Statements,  pag-  Third  Repor  t  of  (he  South  Axistralian  Conmuarioiiem,  1888;  and 
Captain  Dawson's  Keport  on  tlie  Survey  of  New  Zealand,  1^40. 
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of  Mtigatioii  laid  up  in  store  hj  persevering  in  a  system  necessarily 
entailing  an  incorrect  dividon  of  property,  upon  wbich  there  is  no 
check  dunng  the  progress  of  the  sarwey,  and  for  which  there  is  no 
remedy  afterwards. 

Excepting  in  some  isolated  instances  each  as  described  aboye, 
where  eveiy  thmg  is  required  to  give  way  to  the  imperatiTe 
necessity  of  at  once  locating  the  first  settlers  upon  land  for  which 
payment  has  been  received,  (for,  by  the  present  system  of  colo- 
nization, no  land  is  alienated  from  the  Crown  otherwise  than  by 
purchase,  the  greater  portion  of  the  proceeds  of  the  sale  being 
devoted  to  the  purpose  of  further  emigration,)  the  forst  step  to  be 
undertaken  at  the  commencement  of  the  survey  of  a  new  country, 
is  a  careful  and  kborions  exploration  within  the  limits  over  whidi 
its  operations  are  to  extend ;  during  which  would  be  collected  for 
subsequent  use  a  vast  amount  of  practical  infonnation  as  to  the 
number  and  physical  condition  of  the  aboriginal  natives  (if  any) ; 
the  geological  cliamcter  of  the  soil;  its  resources  of  all  kinds; 
sources  aud  directions  of  rivers  ;  inland  lakes  and  springs  ;  the  pro- 
bable sites  of  secondary  towns ;  the  most  apparent,  practicable,  and 
necessary  main  lines  of  comnmni cation ;  prominent  sites  for  trigo- 
nometrical stations,  &c.,  &c.  A  sketch  of  the  country  examined, 
rough  and  inaccurate  doubtless,  but  still  sufficient  for  future 
guidance,  is  at  the  same  time  obtained ;  the  positions  of  many  of 
the  most  important  points  for  reference  being  determined  by  astro- 
nomical observation,  and  the  altitudes  of  some  of  them  by  the 
mountain-barometer  or  aneroid. 

The  next  step  should  be,  if  this  question  has  not  been  already 
determined  by  strongly-marked  local  advantages,  or  previous 
settlement,  the  position  of  the  site  of  the  first  principal  township ; 
a  nucleus  being  immediately  required  where  fresh  arrivals  may  be 
concentrated,  prior  to  their  dispersion  over  the  country.  The  size* 
and  figure  of  the  town  will  of  course  vary  according  to  circum- 
stances ;  and  the  principal  general  requirements  that  should  suggest 
themselves  to  any  one  charged  with  a  decision  of  this  nature,  are, — 
facilities  of  drainage ;  plentifol  supply  of  good  water;  easy  access 
both  to  the  interior  of  the  country,  and,  if  not  situated  on  the  coast, 
to  the  adjacent  port;  the  apparent  salubrity  of  the  site;  focility  of 
procuring  timber  and  other  building  materials,  such  as  sand,  lime, 

*  The  atze  of  the  lots  into  which  the  fomu^Iiip  h  to  be  divided  may  vaiy  ftom  • 
qnarterof  an  acre  to  one  acre;  half  an  acre  would  be  found  gtn.^r:i11y  svitTioient.  It  is 
costomaiy  to  give  to  ibo  first  purcliasov  of  mxtX  sectiona  one  town  lot  in  addition  iot 
eveiy  Btidi  Beetion,  the  renunniiig  lots  to  be  aold  either  by  auction,  or  at  some  fixed 
piioe. 
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brick-earth,  stone,  &c. ;  Becurity  i\om  predatory  attacfe,  and  vici- 
Dity  to  sufficient  tracts  of  had  suited  to  agrioultiural  and  pastoral 
purposes. 

The  site  of  the  town,  with  its  figure  and  extent,  being  decided 
upon  after  a  careful  investigation  of  the  above  and  a  variety  of 
other  minor  considerations,  the  best  main  lines  of  road  dive^ing 
from  it  in  all  the  palpably-required  directions  should  be  marked 
out ;  and  upon  these  main  lines  should  abut  the  sections  to  be  first 
kid  out  for  seleetkm.  Errors  of  judgment  will  doubtless  be  sub- 
sequently found  to  haye  been  made  in  tbe  directions  of  some  of 
these  roods ;  but  this  is  certainly  productiYe  of  less  injury  to  the 
colony  than  ihe  plan  of  systematicallj  mtMng  out  the  land 
without  providing  for  any  mam  Unes  of  eonmtmieaiion  at  aU,  leaving 
them  to  be  afterwards  fbrced  through  private  property  under  the 
authority  of  separate  acts  of  the  colonial  legislature;  a  system 
entailing  discontent;  litigation,  delay^  and  expense.  The  marked 
natural  features  of  the  ground^  audi  as  the  lines  of  the  coast,  or  the 
banks  of  lakes  or  rivers  of  sufficient  importance  to  constitute  ihe 
divifflon  of  property,  and  the  main  lines  of  roads  alluded  to,  will, 
where  practicable,  guide  the  disposition  of  the  lines  forming  ihe 
bounduies  of  the  sections  to  be  now  marked  out  Where  no  such 
natural  or  artificial  frontages  exist,  the  best  directions  in  whioh 
these  rectangular  figures  can  be  laid  out  are  perhaps  those  of  the 
cardinal  lines,  excepting  in  cases  where  ihe  nature,  inclination,  and 
general  form  of  the  ground  evidenily  point  out  the  advantage  of  a 
deviation  from  this  rule. 

The  fflze  of  these  sections  is  a  question  to  be  determined  by  that 
of  the  minimum  average  number  of  acres  which  it  is  supposed  is 
best  adapted  to  the  mmns  anrl  wants the  settler;  the  latter  beins^ 
in  a  great  measure  regulated  by  the  apparent  capabilities  of  the 
soil.  Land  divided  into  very  large  farms  is  placed  beyond  the 
reach  of  settlers  of  moderate  capitsd ;  and  if  subdivided  into  very 
small  portions,  the  expense  of  the  survey  ia  enormously  increased, 
and  labourers  are  tciuptod  to  become  at  once  proprietors  of  land, 
very  much  to  their  own  real  disadvantage,  as  well  as  that  of  the 
colony.  In  South  Australia,  80  acres  has  been  adopted  as  the 
average  content.  In  parts  of  New  Zealand*  and  eUewbere,  100 
acres.    In  Canadaj,  generally  more  than  double  that  quantity. 

•  In  the  Oaaterboiy  Settlement,  on  the  ICddle  lalaiid,  Kevr  Zealand,  60  aaras  has 
been  fixed  as  the  nunimnm  Am ;  mairiimnn  is  tmlimited.  M  in  S<mdk  Amtralia, 
no  reservation    made  of  a)al  and  otbermlneralii  tli<r|iiimh«aiir  beingput  in  poaaearion 

of  all  that  iB  on  and  under  the  surface. 

t  The  rude  aud  iiuccurate  mode  in  which  laud  has  been  marked  out  in  Canada  by 
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Whatever  size  may  be  detennined  npon,  it  is  advisable  to  adhere  to 
it  88  nearly  as  possible,  in  all  general  cases;  though^  where  special 
application  is  made  for  rather  larger  blocks,  there  has  been  found 
no  mischief  in  departing  from  the  average  saze,  provided  this  devia^ 
tion  is  not  so  extreme  as  to  prevent  fair  competition  for  anj  pecu- 
liarly valuable  locality.  In  such  cases,  it  is  however  always 
necessary  to  guard  particularly  against  the  monopoly  of  siirfnn 
water  within  the  area  of  the  section,  or  of  any  extended  valuable 
frontage ;  well  as  against  any  impediment  tiiat  might  be  placed 
in  the  way  of  forming  roads  through  the  property.  Where  the 
main  lines  of  commumcation  have  not  been  previously  laid  out,  it 
is  requisite,  especially  in  large  blocks  of  land,  to  reserve  to  the 
government,  at  all  events  for  a  limited  number  of  years,  a  right  of 
forming  such  roads  as  are  evidcTuly  for  the  public  benefit,  making 
of  <^nrse  compensation  for  any  damage  that  may  be  thereby  done, 
though  this  can  generally  be  met  by  a  previous  allowance  of  a  cer- 
tain number  of  acres  in  excess  of  the  proper  content  of  the  block*. 
Indeed,  if  proper  precautions  could  be  taken  to  prevent  its  In  iiin- 
abused,  it  would  be  advisable  to  reserve  this  power  ot  makin.o;  sm-h 
general  roads  as  are  clearly  advantageous  to  the  community,  through 
all  sections  of  land  oi  wiiatever  size  ;  with  the  right  of  taking  stone 
and  timber  for  making  and  repairing  these  roads  and  the  bridges 
erected  along  their  line ;  though  all  such  interference  with  private 
rights  should  as  much  as  possible  be  obviated  by  previous  careful 
examination  of  the  country. 

The  rapid  settlement  of  a  newly-formed  colony  being  an  object 
always  to  be  fostered,  the  sections  marked  out  fdr  sale  should  be  so 
arranged  as  to  conduce  as  much  as  possible  to  this  dedderatum ;  to 
attain  which  end,  the  surveys  should,  at  all  events  at  first,  be  kept 
well  in  advance  of  the  demand  for  land,  for  the  purpose  of  giving 
the  most  ample  dioice  of  selection  to  intended  purchasers.  By  the 
opposite  system  of  selling  land  in  advance  of  the  survey,  an  unfor- 
tunate emigrant  not  un&equently  finds  the  greater  part  of  hia  seo- 
tion  occupied  by  the  bed  of  a  salt  lagoon  or  swamp,  and  experiences 
no  slight  dismay  in  discovering  that  he  is  not  even  in  possession  of 
the  number  of  acres  for  which  he  has  paid,  and  to  wUch  perhaps 
he  has  no  access  with  any  sort  of  wheeled  vehicle,  in  consequence 
of  the  occupation  roods  being  marked  down  upon  the  ground 

the  chain  and  comptas,  and  the  little  value  that  has  been  set  upon  waste  land  which 

used  to  be  alienated  fiom  the  Crown  in  grants  of  exteuKl^ie  size,  render  the  muvfsy  of 
tix&t  country  not  a  fair  point  of  comparison  with  that  of  more  modem  colonies. 

*  Two  or  three  per  cent,  upon  the  average,  is  proved  amply  sufficient  in  small  or 
moderateHRied  aectkma.  In  very  large  blocku,  oue  per  cent,  would  perhaps  be  aa  much 
as  ooold  be  required. 
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to  coirespond  with  btraiglit  lines  previously  drawn  upon  paper; 
so  iLaL  they  lead,  without  any  controlling  power  in  the  smveyor 
to  alter  their  course,  up  and  down  almost  inaooeefflble  ravines,  or 
probably  for  seveiai  hundred  yards  at  a  stretch  along  the  bed  of  a 
stream* 

In  TOftrlring  out  these  sections^  the  foUowmg  remarks*  will 
direct  attention  to  the  diti^ent  local  peculiarities  which  require  a 
deviation  from,  established  rules,  and  to  the  general  system  of  con- 
ducting the  work  m  the  field ;  the  mecfaanical  practice  of  surveying 
being  of  course  supposed  to  be  already  known. 

Sections  laid  out  with  frontages  upon  main  lines  of  road^ — 
rivers, — or  wherever  increased  value  is  thereby  conferred  upon  the 
land,  should  have  their  £rontage  reduced  to  one-half,  w  even  one- 
third  of  the  depth  of  the  section,  so  as  to  distribute  this  advantage 
among  as  many  as  can  partidpate  in  it,  without  rendering  tiie  di^ 
ferent  sections  too  elongated  in  figure  to  be  advantageously  cul- 
tivated as  a  &rm. 

In  addition  to  this  contraction  of  frontage,  easy  access  by  roads 
must  be  provided  from  the  country  in  the  rear  leading  to  this 
water,  or  main  road ;  without  which  precau  tion  the  owners  of  the 
front  lots  would,  by  blocking  up  the  laud  behind  them,  virtually 
obtain  possession  of  it,  for  at  least  pastoral  purposes,  without  pay- 
ment. These  roads  should  occur  at  intervals  proportioned  to  their 
requirement,  generally  between  every  third  or  fourth  section. 

Every  section  shonld  have  an  available  road  on  one  of  the  four 
sides  forming  its  boundaries,  by  which  the  proprietor  has  access  to 
the  main  lines  of  commuBication  :  its  breadth  may  vary  from  half 
a  chain  to  one  chain,  according  to  circumstances.  In  s<|uarc  or 
rectangular  sections  of  80  or  100  acres  each,  roads  surrounding 
each  block  of  six  or  eight  sections  have  been  found  amply  sufficient; 
but  in  a  country  at  all  broken  or  irregular,  some  of  the  roads  so 
laid  out  would  often  be  found  quite  impracticable ;  in  such  cases, 
it  is  necessary  either  to  trace  and  mark  on  the  ground  along  the 
ridges  of  the  secondary  features,  or  wherever  the  ground  may  offer 
fewest  impedimenta,  cross  roads  leading  into  the  main  lines,  and  to 
lay  off  the  sections  fronting  upon  them ;  or  to  make  these  by-roads 
run  through  the  sections ;  wliich  is  to  be  avoided  as  much  as  pos- 
sible on  account  of  their  cutting  up  small  properties,  and  entailing 
a  very  considerable  expense  in  the  increased  quantity  of  fendng 
required. 

In  parts  of  the  country  where  water  is  scarce,  the  greatest  care 
should  be  taken  to  prevent  its  monopoly  by  individuals.  Springs 

*  Partly  extracted  ism  the  instraodoDB  iasoed  to  sui  veyora  employed  ia  South 
Au&tralia. 
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and  perraanent  water-holes  should  in  snch  localities  be  enclosed 
within  a  small  block  of  kud  (one  or  two  acresj,  and  reserved  for 
the  use  of  the  uagbbouring  flock-owners  and  tlie  public  generally; 
and  practicable  roads  must  be  arranged  leading  to  these  reserves, 
without  which,  excellent  and  extensive  tracts  of  land  would  often 
be  comparatively  vjdueless. 

As  it  would  evidently  very  much  increase  the  cost  of  laying  out 
sections  having  broken  and  irregular  frontages,  if  they  were  re- 
quired each  to  cont«n  exaetfy  the  same  number  of  acres;  the 
nearest  approximation  that  can  be  made  to  the  established  size  by 
the  judgment  of  the  surveyor  should  be  adopted,  and  the  section 
afterwards  sold  according  to  the  quantity  of  land  it  is  found  to 
measure. 

For  the  purpose  of  ^ving  to  settlers  seeking  for  land  upon  which 
to  locate,  every  facility  for  acquiring  information  respecting  its 
capabilities,  and  the  positiong  of  the  different  surveyed  portions, 
the  freest  access  to  the  statistical  reports  of  the  surveyors,  and  to 
the  plans  of  the  different  districts  deposited  in  the  Survey  Office, 
should  be  given.  In  addition  to  which,  the  sections  themselves 
should  lie  marked  no  distinctly  upon  the  ground  by  short  pickets, 
driven  at  lulervals,  regulated  ))y  the  compai'atively  open  and  level 
character  of  the  country,  as  to  enable  any  person  to  follow  up  their 
boundary  lines  without  difficulty.  The  an^mhr  pickets  should  be 
much  larger,  and  squared  at  the  head,  on  which  the  number  of  the 
section,  and  of  all  the  contiguous  sections,  should  be  marked.  Ad- 
jacent roads  should  also  be  designated  by  the  letter  B.  Inde- 
pendent of  the  comers  of  sections  being  pointed  out  by  these 
pickets,  they  should  be  deeply  trenched  witli  a  small  spade  or  pick, 
showing  not  only  the  an^e  formed  by  contiguous  sections,  but  also 
the  directions  of  their  boundary  lines. 

Snoh  marks  remain  easily  recognised  for  years,  and  are 
not  injured  ^ther  by  bnsh  fires  or  by  the  constant  pas- 
sage of  herds  of  catde,  by  both  of  which  means  many  of 
the  wooden  pickets  are  soon  destroyed. 
It  has  been  generally  considered  expedient,  that  roads 
should  be  reserved,  if  not  actually  marked  on  the  ground,  (excepting 
in  cases  where  they  would  interfere  with  the  erection  of  wharves, 
mills,  &c,)  along  the  banks  of  all  navigable  livers,  the  borders  of 
lakes,  and  along  the  lines  of  a  coast.  This  regulation,  if  stringently 
applied,  without  reference  to  peculiar  circumstances  in  different 
localities,  would  often  be  found  oppressive  and  mischievous.  Very 
frequently,  roads  laid  out  with  judgment  to  the  various  points  on 
the  margins  of  these  waters  which  are  best  adapted  for  the  pur- 
poses of  ^sheries,  watering  flocks,  establishment  of  ferries,  building 
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or  launching  hoats,  &c.,  ■with  a  sufficient  space  reserved  for  the 
use  of  the  public  at  these  8pots>  would  prove  of  more  general 
utility. 

As  a  general  rule,  as  many  sectionfi  aa  possihle  should  be  laid 
out  in  the  same  locality,  if  the  land  is  of  a  nature  to  be  soon 
brought  into  cultivation.  Whilst  greater  choice  of  selection  is 
thus  given,  the  comparative  cost  per  acre  of  the  survey  is 
diiiiiiilbhed ;  of  course,  this  remark  applies  only  to  ^tuations  the 
rapid  settlement  of  which  is  anticipated. 

In  marking  the  boundaries  of  sections  on  tlie  ground,  all  natural 
features  carossed  by  tiie  chain  ahouhi  be  invariably  noted  iu  the 
Field  Book,  on  the  outlines  plotted  from  whidi  are  drawn  the 
general  character  of  the  contours  of  the  hills,  the  different  lines 
proposed  fi>r  roads,  directioiis  of  native  paths,  wells,  springs,  and 
every  other  object  tending  to  mark  the  nature  and  resources  of 
the  country.  Copies  of  these  plans*  should  always  be  transmitted 
to  the  principal  Survey  Office^  accompanied  by  a  rough  diagram, 
showing  for  future  reference,  the  construction  lines  of  the  work, 
and  the  contents  and  length  of  the  udee  of  all  sections,  also  the 
measure  of  the  angles,  when  not  right  angles;  and  by  an  expla- 
natory report,  descrihmg  the  nature  of  the  soil,  description  of 
timber,  &c,  upon  each  section,  and  the  &cilitie8  for  maldng  and 
repairing  roads  and  hridges,  and  peculiar  geological  formations  of 
the  different  districts.  A  collection  of  botanical  and  mineralogioal 
specimens  from  all  parts  of  the  province  will  also  contribute  mate- 
rially to  the  early  development  of  its  mtural  resources ;  and  sur^ 
veyors  should  not  be  deterred  from  ^ving  thdr  attention  to  this 
subject  by  ignorance  of  these  sciences,  as  the  specimens  (^n  be 
afterwards  weeded  and  ananged,  and  afford  invaluable  statistical 
information. 

At  the  head  Survey  Office,  a  meteorological  register  is  of  course 
supposed  to  be  kept  It  is  also  very  desirable  that  each  of  the 

surveyors  employed  in  any  large  district  should  be  furnished  with 
a  good  thermometer,  rain-guage,  and  a  mountun-barometer,  or 
aneroid,  for  the  piupose  of  regiptrring  daily  observations  to  he 
forwarded  periodically  to  the  general  office  for  comparison  with 
those  obtained  from  different  parts  of  the  province,  between  which 
the  diftcreucc  of  peculiar  It  iud  of  climate  will  be  thus  arrived  at. 

Surveyors  working  on  a  line  of  coast  should  be  particular  in 
noting  all  phenomena  connected  with  the  rise  and  fall  of  the  tides; 
and  obtain  soundings,  laid  down  with  reference  to  established  and 
easily -recognised  marks  on  shore,  of  all  creeks  and  harbours,  when- 

*  Two  iDches  to  one  mile  is  foond  «  yery  convatient  scale  for  plana  of  these  sec* 
tionSf  intended  for  the  informatum  of  the  pablie. 
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ever  this  may  be  in  their  [>()wer.  The  deptlis  and  velocities  of  all 
rivers  should  also  be  notfMi  -nt  different  points  in  tiieir  oaurse^  as 
well  as  the  periods  of  flood:5,  and  their  observed  influenoe  upon  the- 
volume  of  water  in  the  river. 

In  laying  out  sections  up  narrow  rocky  ravines,  or  in  atoations 
where  creeks  or  any  other  natural  features  present  obstacles  to  the 
continuance  of  the  methodical  rectangular  form  adopted  as  the 
standard  figure^  a  deviation  from  this  form  becomes  of  course  neces* 
sary,  and  the  contents  of  some  of  the  sections  thus  often  unavoidably 
di£fer  from  the  established  average.  Care  should  however  be  taken 
in  such  cases,  to  make  the  outiine  of  these  irreguUr  figures  as 
simple  as  the  ground  will  admit  of,  both  on  account  of  the  addi- 
tioniBl  trouble  and  time  lost  in  the^  survey,  and  the  increased  cost 
of  subsequent  fencing  by  the  purchaser. 

Attention  has  already  been  drawn  in  page  428 to  the  nece^ity  of 
guarding  against  the  monopoly  of  road  or  water  frontage.  The 
same  sort  of  precaution  is  also  required;  in  marking  out  land  in 
rich  narrow  valleys^  or  in  spots  valuable  on  account  of  minerals. 
Asa  general  rule,  from  which  no  deviation  whatever  should  be 
allow^,  it  may  be  laid  down  that  no  section  should  ever  be  per- 
mitted to  enclose  an  undue  proportion  of  lanci,  unusually  valuable 
from  v^hatcver  cause,  by  extandxng  its  length  in  the  direction  in 
wMek  that  valuable  pariim  of  land  runs;  whether  it  be  a  rich 
agricultural  valley,  a  mineral  lode,  a  stream,  or  water-course. 

As  regards  the  actual  inarKng  out  of  the  sections  uj)on  the 
ground,  when  the  figure  is  of  a  square  or  rectangular  form,  the  pro- 
cess is  a  very  simplp  nnr:  whether  the  true  meridian,  or  the  direct 
line  of  some  main  road,  or  n  line  forming  any  angle  with  the  meri- 
dian that  may  be  found  better  adapted  to  the  local  peculiarities  of 
the  district,  be  adopted  aa  the  guiding  line  of  direction. 

A  spot  being  fixed  upon  for  the  starting 
point,  represented  bv  A  in  the  accompany- 
ing figure*,  the  normal  line  AB  is  carefully 
marked  out  by  a  good  theodolite  in  the  re- 
quired direction  ;  if  intended  to  correspond, 
or  to  form  ;iny  fixed  angle,  with  the  meri- 
dian, thio  must  be  previously  determined 
by  one  of  the  methods  usually  practised. 
The  right  angle  B  A  C  is  then  set  off,  which 
angle  should  be  observed  on  both  sides  of 
A  B  (produced  on  purpose  to  D),  and  the 
chain  measurement  along  these  lines  A  B 


*  This  figure  represents  reotsngukr  aectionB  of  80  seres,  m  laid  oat  in  South  Australia, 
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and  A  C,  and  afterwards  along  the  parallels  to  A  C,  may,  if  two 
parties  are  employed  together,  wKicb  can  generally  be  inauaged 
under  the  charge  of  one  efficient  surveyor  with  an  intelligent 
MSistanf  .  h.e  carried  on  simultaneously,  the  points  of  junction  at 
the  angles  vi  the  blocks  forming  in  some  measure  checks  upon  the 
accuracy  of  the  work  as  it  proceeds.  The  size  of  these  sections, 
and  the  intervals  between  the  parallel  sectional  roads,  will  depend 
of  course  upon  local  regulations.  The  operation  wonld  evidently 
be  simplified  by  running  all  the  measured  lines  in  the  middle  of 
these  roads,  leaving  half  theii'  breadth  to  be  afterwards  set  ofi'oa 
each  side  by  the  proprietors  of  the  land,  but  the  palpable  abjections 
to  this  are  too  serious  to  be  compensated  by  the  trifling  saving 
thereby  eflfected.  In  fiict,  the  real  boundaries  of  7w  me  section 
are  by  this  plan  marked  on  the  ground  by  the  surveyor ;  and  con- 
stant disputes  and  encroachments  would  be  the  consequence  of 
adopting  it. 

It  mnst  be  obvious  to  every  practical  surveyor,  that  it  would  be 
impossible  £ov  him  to  continue  this  mechanical  system  of  mitrlrmg 
a  series  of  rectangular  figures  on  the  ground  to  any  great  extent, 
without  being  liable  to  constantly-increasing  errors,  which  could 
not  be  guarded  against  by  any  degree  of  care  in  the  operation,  and 
of  the  amount  of  which  he  could  never  be  aware,  without  estaV 
lishing  some  check  altogether  independent  of  the  chain  measure- 
ment  of  the  sections  diemsdves :  this  is  only  to  be  accomplished  by 
combining  with  it  a  triangulation  of  the  country,  more  or  less  ao* 
curate,  according  to  the  nature  of  the  survey.  Whilst,  then,  this 
methodical  division  of  the  land  is  in  progress,  it  is  advisable,  if 
any  thing  like  accuracy  is  required,  and  if  the  detached  portions  of 
settled  country  are  to  be  laid  down  upon  a  general  map,  that  the 
sites  of  the  trigonometrical  stations  should  be  decided  upon,  and 
the  stations  themselves  (however  roughly  they  may  be  constructed) 
erected,  in  order  that  they  may  throughout  be  made  use  of  as 
guides  and  checks  upon  the  measurements.  The  tei^igulation 
indeed  would  be  found  of  the  greatest  service,  if  carried  on  rather 
in  advance  of  the  detail,  as  in  the  survey  of  old  countries.  Any 
great  accumulation  of  error  could  be  then  easily  guarded  against, 
by  the  angles  observed  at  diiferent  parts  of  the  chain  survey,  sub- 
tended by  three  or  more  of  the  trigonometrical  stations ;  and  in 
very  many  instances  these  stations  coidd  be  actually  measured  up 
to,  which  should  be  done  wherever  practicable;  by  which  means 

the  length  of  wMch  bore  to  their  breadth  the  proportion  of  2  to  1— occupatioa  roads 
one  mile  ap«rt»  endofling  eight  sectieos.  They  were,  however*  frequently  laid  out 
square,  aocordiDg  to  the  nature  of  the  ground. 
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the  marking  out  of  the  sections  answers  the  same  purpose  that  is 
ohtained  m  ordinary  surveys  by  the  measurement  of  check  lines^ 
and  traversing  abng  the  roads,  by  which  the  interior  detail  is 
mostly  filled  in«  Angles  of  depression  and  elevation  should  also  be 
taken  to  tliese  trigonometrical  points  (whose  altitudes  are  all  ob- 
tained by  the  trian^ation),  from  various  parts  of  the  chain  survey, 
the  heights  of  which  positions,  above  the  level  of  the  sea,  are  thus 
obtained  with  tolerable  accuracy. 

As  to  the  mode  of  conductmg  this  triangulation,  all  necessary 
instructions  liave  already  been  previously  given.  The  d^ree  of 
accuracy  with  which  the  base  is  measured,  and  the  angles  observed, 
will  depend  evidently  upon  various  contingencies ;  for  instance — 
the  extent  over  wliicK  the  triangulation  is  to  be  carried;  tlic  time 
and  expense  that  can  be  bestowed  upon  it ;  the  degree  of  niirnitia? 
required  in  the  maps,  &c.,  &c.  On  the  survey  of  Soutli  Australia 
the  was  measuied  upon  a  nearly  level  plain  very  little  ele- 
vated above  the  sea,  with  a  standard  chain,  the  operation  being 
repeated  several  times,  to  obtain  a  more  correct  meaii  value  :  the 
angles  were  observed  witli  a  very  excellent  7-inch  theodolite  ;  aud 
the  result  was  found  sufficiently  accurate  for  the  purpose  of  con- 
necting all  the  detached  blocks  of  surveyed  land,  and  laying  down 
the  work  to  the  scale  of  2  inches  to  1  mile. 

In  addition  to  tlic  above  use  of  the  triangulation,  it  is  found,  in 
the  survey  of  a  wild  country,  peculiarly  serviceable  in  enabling 
the  Government  to  define,  with  the  aid  of  marked  natural  features, 
the  boundaries  of  the  extensive  tracts  of  land  leased  to  di£^nt 
individuals  for  pasturage^  until,  with  the  increase  of  population  and 
civilization,  more  convenient  and  better-defined  demarcations  are 
substituted.  Some  of  the  principal  natural  landmarks  of  a  country 
also,  such  as  chains  of  mountains  and  rivers,  traverse  the  wildest 
parts  of  the  land,  where  chain  surveying  would  never  penetrate. 
Many  of  these  landmarks  are  made  the  boundaries  of  counties, 
and  other  internal  territorial  divisions ;  and  their  podtions  in  difier> 
ent  parts  of  their  course  are  often  only  to  be  detennined  by  refers 
ence  to  the  trigonometrical  stations,  which  likewise  serve  as 
guides  for  ascertaining  and  laying  down  upon  paper  the  direc- 
tions of  roads  through  extensive,  barren,  and  uninhabited  tracts  of 
country. 

Most  of  the  foregoing  remarks  have  been  made  under  the  sup- 
position that  a  number  of  detached  surveying  parties  are  distri* 
buted  over  different  parts  of  the  country,  all  working  under  the 
directions  of,  and  reporting  to,  a  central  Survey  Establishment. 
As  the  population  becomes  distributed  over  a  wider  extent,  and 
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applications  are  ooostanilj  made  for  the  survey  of  small,  irregular 
blocks  of  land  to  complete  and  consolidate  properties  ,  some  altera- 
tions will  be  required  in  the  method  of  carrying  od  the  measrire- 
mentofland,  to  meet  these  new  demands*.    It  could  evidently 
be  only  by  an  increased  expenditure  of  time  and  money  that  sur- 
veyiug  parties  could  be  kept  constantly  moving  from  one  distant 
Bpot  to  another,  to  lay  out  perhaps,  only  a  very  limited  number  of 
acres  at  each ;  and  the  division  of  the  country  into  Districts,  for 
the  purposes  of  the  survey,  becomes  almost  imperative.    Copies  of 
the  plans  of  sectione  open  lor  selection,  and  otiier  informatioiL  of 
a  ^milar  character,  would  be  thus  placed  more  within  reach  of  dis- 
tant settlers,  and       wants  could  more  readilj  and  rapidly  be  met 
without  augmented  expense* 

Portions  of  the  work  might  also  at  this  advanoed  stage  of  pro- 
gress be  filled  in  by  contract,  subject  to  careful  and  rigid  ezamina^ 
tion ;  the  triangulation,  and  the  previous  chain  measurement  oon- 
neoted  with  it,  alMing  snffident  checks  for  this  purpose ;  without 
which,  surveying  by  contract  should  be  most  (arefully  avoided, 
especially  in  new  oommunities  where  but  little  competition  can  be 
expected,  and  where  it  would  be  unreasonable  to  expect  to  find 
competent  surveyors  distributed  over  the  remote  parts  of  the 
colony. 

The  rate  of  progress  and  cost  per  acre  of  a  sectional  survey,  such 
as  has  been  described,  must  vary  oondderably,  according  to  the 
nature  of  the  country,  the  prices  of  labour  and  provisions,  and  the 
minuteness  of  the  divisions.  If  the  size  of  the  sections  is  small, 
80  or  100  acres  for  instance,  the  number  of  hneal  miles  to  be  mea- 
sured is  of  course  very  much  greater  in  proportion  than  would  be 
the  case  with  blocks  of  a  larger  area,  and  th  ^  progress  must  bear 
an  inverse  ratio  to  the  increased  expense-  The  facility  of  trans- 
port is  [mot  her  item  that  materially  influences  both  these  questions, 
as  also  the  system  of  marking  out  patches  of  land  in  whatever  loca- 
lity they  may  be  apphed  for,  instead  oi  carrying  the  survey  regu- 
larly forward,  embracing  all  the  available  land  in  its  progi'ess. 

The  expense  of  the  surveys  in  all  new  colonies  is  now  defrayed 
out  of  the  proceeds  of  the  sales  of  land  i  and  proof  of  the  recogni- 
tion of  the  advantages  of  the  accurate  delineation  of  the  boundaries 

*  TheM  sat)Hcqueut  wants  and  demands  do  not  aflibciiihe  first  stage  of  the  survey 
In  a  new  country  ;  it  is  only  ae  it  becomes  gradually  settled  that  they  are  felt.  The 
firai  survey  evideatly  c&imot  be  a  cm^kU  one,  unless  it  could  embrace  eveiy  acre  of 
land  that  mi^  by  poadMEly  be  reqidred;  it  ia  coiutaDiiy  demaadiDg  tOuuSm  in 

every  dii-ection,  therefore  the  more  Imperatively  necessary  it  is,  that  the  first  land  sur- 
veyed and  laid  down  on  the  maps  should  he  based  upon  a  tn^i^fnilation  suffieientiy 
accurate  to  allow  of  this  extension,  without  the  certainty  of  accumulating  error. 
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of  property,  features  of  the  j^p-ound,  and  main  lines  of  roads,  &c,i& 
given  by  the  system  adopted  by  the  New  Zealand  Association,  in 
the  estfiblishment  of  the  "  Canterbury  Settlement,"  of  cliai  iri'iii  for 
all  land  the  uniform  price  of  £3  per  acre*,  (instead  of  the  £1  ti  xed 
as  the  lowest  upset  price  in  the  other  Australian  colonies,  wlicrt; 
the  plan  of  selling  laud  by  auction  is  in  force),  to  provide  fuada  i'or 
a  superior  nature  of  survey,  and  a  variety  of  works  of  a  public 
<  h;u  ;tcter  ;  the  proportions  being  lOs.  per  acre  as  the  price  of  waste 
land  ;  per  acre  for  the  cost  of  the  surveys,  formation  of  roads^ 
and  other  miscellaneous  expenditure ;  20s,  per  acre  to  be  devoted 
to  the  purposes  of  emigration;  and  another  20c.  per  acre  to  eocle- 

purpoeea. 

The  boundaries  of  what  in  ihe  Australian  colonies  are  termed 
''Runs,'*  for  depasturing  sheep  and  cattle,  are  not  generally 
marked  out  during  the  sorvej,  but  are  described  by  reference  to 
the  trigonometrical  stations,  and  other  known  fixed  pcints ;  the 
approximate  distances  and  bearings  of  the  lines  bdng  stated.  As 
portions  of  ibis  land  are  at  all  times  liable  to  be  purchased  hj  in- 
dividuals after  a  due  stipulated  notice  to  the  occupier  of  the  run,  who 
pays  yearly  a  trifling  sum  for  his  licence,  it  would  of  course  be  a 
waste  of  labour  to  mark  out  such  temporary  divisions;  but  the 
settlers  themselves  very  frequentiy  define  their  respective  limits, 
either  by  blazing  the  trees  in  a  wooded  country,  or  by  running  a 
plough  line  across  it  in  an  open  one. 

As  rcgaxds  the  interior  division  of  a  colony  into  counties,  &o., 
the  following  general  regulations,  established  many  years  since, 
are  still  in  use : — 

Counties  are  to  contain,  as  nearly  as  may  be,  40  miles  square ; 
hundreds,  1(K)  square  miles ;  and  parishes,  25  square  miles. 

Natural  divisions,  such  as  rivers,  streams,  highlands,  &c.,  to  con- 
stitute as  much  as  possible  these  boundaries  ;  and,  for  the  purpose 
of  obtaining  a  well-defined  natural  boundary,  a  smaller  or  greater 
quantity  than  the  above  averages  is  permitted  ;  but  not  to  exi  utd 
or  fidl  short  of  such  established  areas  by  more  than  one-third 
of  each. 

Reserves  are  allowed  to  be  made  tor  all  necessary  public  roads 
*  and  other  internal  aunmunioktions,  either  by  land  or  water ;  also 

*  Formerly  land  used  to  be  sold  in  South  Austr&Ua  at  the  umfonii  fiaied  price  of 
11.  per  acre.  The  system  of  welliug  by  auctkm  was  Intsoduoed  by  the  Australian 
Waste  LaDd's  Act  in  the  year  1843.  There  are  various  ofnnioos  a»  to  ilw.  comparative 
rrK'ritJs  of  these  oppocnte  Bystems,  the  first  of  which  was  introduced  liy  Mr.  E.  G. 
Wakefield;  and  it.«  advantages  are  strongly  set  forth  in  the  pamphlet  upon  Gioloiuai 
Surveyiogt  recently  published  by  his  brother,  Mr.  F.  Wakefield. 
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for  the  sites  of  towns.  Tillages,  school-houses,  churches,  and  other 
purposes  of  public  utility  and  conTenience. 

When  the  division  between  Ftovinoes  or  Counties,  or  other  lines 
of  territorial  demarcation,  is  represented,  either  altogether  or  in 
part,  by  a  meridian  line ;  or  a  line  having  any  fixed  angle  with  the 
meridian ;  or  by  a  portion  of  the  aro  of  a  parallel  (as  is  the  ease  in 
many  of  the  Austmhsn  provinces),  it  is  of  course  necessary  to  be 
able  to  determine  and  mark  upon  the  ground  with  aocunur^  sudi 
meridian  or  paralleL  Most  useful  practical  information  upon  th\s 
subject  will  be  found  in  the  narrative  of  the  survey  an  !  marking 
of  the  boundary  between  the  British  possessions  in  North  America 
and  the  United  States  of  America,  in  1842,  published  by  Major 
Bobinson,  Hoval  Engineers,  in  the  second  and  third  volumes  of 
the  "  Oorp*!  T'npers." 

Operati  II  <>f  this  nature,  if  conducted  with  the  very  great  care 
and  precision  that  "were  bestowed  upon  the  boundary  alluded  to, 
involve  the  perfect  knowledge  of  tlic  manner  of  using  and  adjusting 
the  transit,  and  altitude  aud  azimuth  instruments;  and  also  the 
management  of  chronometers.  The  boundary  line  between  South 
Australia  and  what  now  constitutes  the  province  of  Victoria, 
(the  14l8t  degree  of  east  longitude)  was  however  determined  (and 
since  marked  on  the  ground  for  a  considerable  distance,)  under 
the  New  South  Wales  Grovemment,  by  one  of  their  surveyors*, 
with  only  a  sextant,  a  pocket  chronometer,  and  a  small  3i-indi 
theodolite ;  but  though  the  work  was  performed  with  the  greatest 
care  and  attention,  and  with  probably  as  great  a  degree  of  accuracy 
as  could  be  obtained  with  these  imperfect  instruments,  the  result 
can  of  course  only  be  looked  upon  as  an  approximation  far  too 
vague  for  the  detenmnation  of  a  division  of  importance.  The 
North  American  boundary,  on  the  other  hand,  may  perhaps  have 
been  defined  with  more  predsion  tlian  was  absolutely  necessary  in 
a  line  of  demarcation  running  for  its  whole  length  through  a  wild 
unclenroi]  country. 

Having  now  gone  throii«Th  the  method  of  dividing  the  land  mto 
minute  sections  for  occu[Kilion,  and  its  further  division  for  terri- 
torial purposes ;  we  will  conclude  with  a  short  reference  to  the 
objects*  to  be  held  in  view  in  conducting  exploring  expeditions  be-  • 
yond  the  buunds  of  the  settled  districted,  for  the  purpose  of  adding 
to  the  geographical  knowledge  of  the  country  and  developing  its 
resources;  which  objects  are  very  similar  in  character  to  those 
already  alluded  to,  when  treating  of  the  preliminazy  operations  of 
a  survey  in  a  newly*fonned  colony. 

•  Hr.  Tyeis. 
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The  nature  of  the  country  to  be  tiaveraed  will*  as  far  as  this  is 
known,  indicate  the  method  of  traveUing  that  must  of  neceedty  be 
adopted.  Eztennye  inland  water  conmiunicalion,  as  in  the  Cana- 
das, points  to  the  canoe  as  the  readiest  mode  of  transport;  com- 
paratiTely  open  and  generally  grassy  land,  as  in  Australia  and 
Southern  Africa^  requires  the  use  of  horses  and  oxen ;  whilst  in 
many  other  countries  the  ihick  underwood  can,  in  parts,  be  tra- 
Tersed  only  on  foot,  and  barren  deserts  by  the  aid  of  camels.  These 
different  modes  of  locomotion  evidently  all  require  different  pre- 
liminary arrangements.  The  objects  in  view,  however,  are  much 
the  same  in  all  cases* ;  via,  a  knowledge  of  the  climate,  sdl,  native 
population,  geobgical  formation,  botanical  character^  of  the 
country,  and  its  resources  of  all  kinds ;  as  well  as  the  dehn^tion 
(as  perfect  as  the  time  and  means  that  are  avaihible  will  adnut)  of 
tiie  natural  features  of  the  ground. 

All  points  known  as  portions  of  the  settled  country  being  soon 
left  behind,  the  esplorer  has  to  trust  to  his  own  judgment  as  to 
the  best  directions  in  which  to  conduct  his  party  ;  to  liis  own  energy 
in  overcoming  tiie  natural  obstacles  that  he  will  be  certain  to  en- 
counter; and  his  own  practical  skill  in  fixing  at  proper  interval 
his  different  positions  by  means  of  astronomical  observations,  aiid 
mastering  rapdly  the  general  massive  features  of  the  ground  for 
the  purpose  of  making  a  rough  sketch  of  the  country  passed  over, 
showing  more  particularly  the  directions  of  the  principal  ranges  of 
hills,  and  of  rivers,  and  water-courses. 

In  a  krge  party  these  labours  may  often  be  subdivided  advan- 
tageously ;  but  the  leader  must  remember  that  the  entire  respon- 
sibility still  IV  with  him ;  and  if  he  does  not  actually  partidpate 
in  every  portion  of  the  work,  he  must  nevertheless  exert  a  general 
iatiuence  over  the  whole. 

As  regards  the  fixing,  with  as  much  accuracy  as  may  be  attam- 
able,  tiie  various  portions  of  encampments,  tiie  directions  and 
sources  of  rivers,  and  aU  marked  prominent  features;  much  assist- 
ance is  U>  be  obtained  by  carrying  on,  as  fer  as  it  can  be  done,  a 
species  of  rough  triangulation  (with  a  sextant  or  other  portable 
instrument ),  from  the  extreme  trigonometrical  stations,  or  any 
pr  ominent  landmarks  tiie  positions  of  which  are  known  and  repre- 
sented on  the  plans.  This  may  however  very  soon  become  imprac- 
ticable from  the  nature  of  tiie  country  or  otiier  causes,  and  the 
traveller  then  finds  himself  much  in  the  same  predicament  as  at 
sea,  having  httie  beyond  his  dead-reckoning  to  trust  to  for  the  de- 

*  Expeditions  for  one  single  definite  object,  suclx  as  tracing  the  Mwrocs  of  a  river, 
&c.,  are  not  intended  to  be  heie  referred  ta. 
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lineation  on  papof  of  his  day's  work.  In  tluB  position  he  must 
look  to  the  heaveiu  for  las  guide :  and  henoe  the  neoesdity  for  his 
beooming  liimself,  or  having  with  him^  a  good  and  rapid  oba^er. 

At  sea,  the  latitude  is  always  obtained  at  noon  by  a  meridian 
altitude  of  the  sun  when  visible) ;  "  siffhts,^  s.a  they  term  obser- 
vations of  single  altitude  for  time,  having  been  taken  tliree  or  four 
hours  before.  The  latitude  obtained  at  noon  is  then  reduced 
by  dead-reckoning  to  what  it  would  have  been  at  the  time  and 
place  of  the  morning  observation,  (using  the  traverse  tnble  ;)  and 
with  this  deduced  latitude  the  hour  angle  is  computed,  and  the 
equation  of  time,  phis  or  ynirms,  applied  for  the  mean  local  time, 
which,  when  compared  with  the  Greenwich  time,  shown  by  the 
chronometer,  (allowing  for  its  rate  and  error),  gives  the  longitude 
east  or  west  of  Greenwich  at  the  time  of  the  vwrning  observation. 

By  applying,  by  dead-reckoning,  the  cbann^c  in  longitude  between 
Ihut  time  and  noon,  the  longitude  oi'  the  ship  at  noon  is  obta,ined,^ — 
the  latitude  has  ahready  been  found  by  direct  observation,— and  the 
two  determinations  afiord  the  means  of  recording  upon  the  chart 
the  poffltion  of  the  ship  at  noen  on  that  day. 

Somewhat  nmihr  to  the  above  proceeding,  must  be  that  of  the 
explorer  in  a  wild  unknown  tract  of  country.  He  would  not 
probably  find  it  oonTenient  always  to  obtain  hb  latitude  at  noon ; 
but  he  can  generally  do  soj  and  more  correctly,  at  nightj  by  the 
meridian  altitude  of  one  or  more  of  the  stars  of  the  first  or  second 
magnitude,  whose  right  ascension  and  declination  are  given  in  the 
Nautical  Almanac.  His  local  time  can,  immediately  before  or 
after,  be  ascertained  by  a  single  altitude  of  any  other  star  out  of 
the  meridian  (the  nearer  to  the  prime  vertical  the  better) ;  and  if 
he  carries  a  pocket  chronometer  upon  whidi  any  dep^danoe  can 
be  placed,  he  has  thus  the  means,  by  comparison  with  his  local 
time,  of  obtaining  his  approximate  longitude,  and  of  laying  down 
hifi  podtion  upon  paper. 

In  travelling,  the  rate  d  ihe  chronometer  will  probably  be  found 
to  vary;  but  as  frequent  halts  of  two  or  three  days  are  likely  to 
occur,  these  opportunities  should  never  be  lost  of  ascertaining  its 
diange  of  rate..  The  longitude  should  also  be  obtained  occasionally 
by  luniur  observations  on  both  ades  of  the  meridian ;  or  by  some 
of  the  other  methods  given  in  the  works  on  Practical  Aatro- 

Tlie  results  deduced  from  such  obeervatione  must  not  be  relied 
upon  within  ten  or  twelve  miles,  but  a  careful  obsearver  should 
mrely  exceed  these  limit? ;  :ind  his  latitude  ought  always  to  be 
within  half  a  mile,  or  under  the  moat  un^Ekvourable  circumBtances, 
one  mile,  of  the  truth. 
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With  these  all-important  data,  enabling  him  to  fix  with  appvozi- 

mate  accuracy  point  aft  er  point*  in  his  onward  course^  the  explorer 
can  havf  no  difBculty  in  interpolating  by  angles,  taken  with  a 
Foxtrmt  rir  with  an  azimuth  compass,  all  strongly-marked  promi- 
nent features,  or  in  laying  down  hi?  rontp  upon  paper  correctly 
enough  for  the  purposes  of  identifying  particular  spots,  and  giving 
a  faithful  general  representation  of  the  features  of  the  ground  he 
has  travelled  over.  The  value  of  this  sketch  will  be  much  enhanced 
by  its  having  recorded  on  it,  as  nearly  as  they  can  be  ascertained 
by  the  mountain  barometer  or  aneroid,  or  by  the  temperature  at 
which  water  is  found  to  boil,  the  altitudes  of  the  most  important 
positions,  as  the  suniiuits  of  hilld,  the  levels  of  plains,  and  sources 
of  springs  and  rivers. 

Daily  meteorological  observations,  even  of  the  most  simple  cha- 
racter; such  as  merely  recording  the  readings  of  the  thermometer 
and  barometer  at  stated  times,  will  also  prove  of  essential  service 
as  illustratiye  of  the  climate ;  and  these  will  be  of  additional  Talne 
if  accompanied  by  a  record  of  the  quantity  of  rain  MLen  on 
different  days,  shonld  any  portion  of  the  party  be  stationary  for 
sufficient  length  of  time  at  any  one  spot,  to  make  these  observa- 
tions. If  not  provided  with  a  ram  guage  of  a  better  description,  a 
tin  pipe  with  a  large  funnel,  the  area  of  the  top  of  whidi  bears  a 
certain  proportion  to  that  of  the  tube,  will  answer  perfectly  to 
measure  the  quantity  of  water  &llen.  A  light  graduated  n 
wooden  rod  is  fixed  in  a  cork  float,  and  indicates,  above  the  \j/ 
level  of  the  top  of  tiie  funnel,  the  number  of  inches ;  the 
graduations  of  the  rod  of  oourse  bding  proportioned  to 
llie  ratio  between  tlie  areas  of  the  sur&ce  of  the  fimnel  and 
that  of  the  tube.  Thus,  if  the  proportion  is  10  to  1,  the 
measuiing  rod  will  be  lifted  10  indies  for  every  indi  of 
nun. 

*  Ibe  distance  between  portions,  the  latitudes  and  kmgitudes  of  whick  have  beea 
detenninedt  can  be  eodly  obtained  by  calculotiai ;  by  wludi  means  they  can  be  laid 
down  with  more  aomraqr,  provided  the  extent  of  ground  travelled  over  is  not  very 

great. 
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HYDRAULICS, 

IK  COITNXOTIOir  VITH  DBAIKAQE>  SEWERAGE^  AKD  WATER 

SUPPLT. 

The  first  piindple  to  be  nnderstood  and  to  be  ever  borne  in  mind 
in  hydranlio  or  hydrostatioal  oaloulstionB  is  that,  unlike  "soBAb/^ 
whose  pressnre  is  always  dotonweaxls  in  the  direction  of  gnmtjf 
''fluids'*  press  equalfym  every  posdWe  direction,  even  upwardt^ 
consequently,  if  any  portion  of  the  upper  part  of  a  fluid  be  replaced 
by  a  part  of  the  vessel  containing  it,  the  pressure  against  this  firom 
below  will  be  the  same  which  before  supported  the  weight  of  the 
fluid  removed,  and  every  part  remamlng  m  equilibrium,  the  pressure 
on  the  bottom  of  the  vessel  will  be  the  same  as  it  would  be  if  the 
vessel  were  a  cylinder  or  a  prism. 

It  is  usual  to  calculate  the  pressure  of  fluids  with  reference  to 
a  square  inch  of  the  surface  of  the  vessels  coutaiiiing  them,  or  in 
contact  with  them ;  but,  whatever  may  be  the  modicum  of  surface 
assumed,  the  pressure  is  equal  to  the  weight  of  a  column  of  the 
duid  whose  base  is  tujuai  to  that  modicum,  and  whose  height  is 
equal  to  its  depth  below  the  apex  or  top  surface  of  the  fluid. 

Hence  what  is  called  "  head,"  or  the  height  of  a  fluid,  is  of  the 
utmost  posdble  importance,  for,  if  there  is  but  a  suffidency  of  head, 
a  column  of  fluid  of  the  smallest  posnble  diameter,  may  be  made 
to  balance  another  qiuuitity,  or  any  weight  as  large  as  you  please. 
This  prindple  has  been  denominated  the  Hydrostatic  Paradox,  but 
as  I  believe,  inappropriately,  for  I  do  not  think  there  is  anything 
paradoxical  about  it 

The  flgure  represents  a  machine  called  the 
hydrostatic  bellowB,  which  is  Bometimes  used 
to  illustrate  this  principle.  The  bellows  con- 
sists of  two  thick  boards  C  I>  and  E  F,  con- 
nected with  leather,  or  other  expansive  material; 
a  pipe  of  very  small  diameter,  but  of  oondderable 

length,  communicates  with  the  bellows  a  little   

above  the  point  F.  Now  if  water  be  allowed  to  run  into  the  pipe 
at  the  point  A — either  by  connecting-  it  with  a  cistern,  or,  if  the 
experiment  be  made  in  a  room,  with  an  ordinary  water-^^an 
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suBpended  from  tlie  ceiling,  it  will  fall  down  the  pipe  intr  the 
bellows,  and  will  giadtially  eepacate  the  bellows  boards  raimng 
and  sustaining  a  weight  that  may  be  placed  thereon,  bearing  the 
same  proportion  to  the  weight  of  water  in  the  j)ii)e  above  the  level 
of  D  C  as  the  area  of  the  bellows  board  bortrs  to  the  sectional  area 
of  the  pipe,  and  this  is  evident  from  wli^it  has  been  said  as  to  the 
equilibrium  of  the  pressure  of  fluids  ;  since  whatever  may  be  the 
downward  pressure  of  water  in  the  pipe,  there  is  an  upward 
pressure  in  the  bellows  upon  every  fractional  part  of  its  surface 
that  corresponds  with  the  sectional  area  of  the  pipe,  equal  to  the 
weight  of  a  cobnun  of  water,  whose  diameter  is  the  diiuuettir  of 
the  pij^e,  anil  whose  height  is  the  height  of  the  pipe  diminished  bj 
the  height  of  the  water  in  the  bellows. 

It  is  a  well  known  principle  of  hydraulic  science  that  ''^  under 
will  always  find  its  level^''  hence  water  poured  into  a  bent  tube  at 
one  end  will  rise  to  the  same  level  at  th©  other  end  before  it 
becomes  quiescent:  thus  are  we  able  to  supply  water  to  the 
inhabitants  of  a  town  from  a  reservoir  on  a  hill,  to  any  height 
in  their  dwellings  that  shall  not  exceed  the  level  of  the  water  in 
the  reserv<nr,  notwithstanding  the  pipes  conveying  the  water  may 
in  their  passage  from  the  reservoir  to  the  town,  have  passed  through 
valleys  and  hollows  of  great  depth. 

Fluids  of  different  specific  gravities  that  do  not  miz  will 
counterbalance  each  other  in  a  bent  tube  when  their  hoghts 
above  the  surface  of  junction,  are  inversely  as  their  specific 
gravities. 

In  conunon-plaoe  matters  of  business,  the  most  useftil,  although 
perhaps,  the  most  difficult,  and  until  lately  the  least  advanced  branch 
of  hydraulic  sdence,  is  that  which  relates  to  the  motion  of  fluids, 
and  the  part  which  fiiction  plays  upon  them  in  thdr  passage 
throng  confined  channels  and  (especially  at  the  present  day) 
conduit  pipes. 

There  is  little  doubt  that  some  simple  fixed  maihematical  law, 
prevMls  throughout  aU  nature's  works,  and  that  such  is  the 
case  with  regard  to  fluids  in  motion  has  been  demonstrated  by 
frequent  experiments.  Perhaps  the  mo-^t  able  exposition  of 
this  law  in  hydraulics,  is  to  be  found  in  a  woric  called  "  Prac- 
tical and  Experimental  Researches  in  HydxaubV^,"  by  R.  A« 
Peacockc,  CE.  extracted  from  Weale's  Quarkrly  Paip&rs  on 
Engineering. 

I  have  already  explained  iliat  the  pressure  of  fluids  is  alike 
in  all  directions,  consequently  in  considering  the  question  of 
2  £ 
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dischaTjEre  of  water  through  pipes,  we  must  make  no  difference 
between  a  pipe  laid  level  hut  having  a  constant  head  behind  it,  and 
another  pipe  whose  gradual  fall  amount*  in  the  aggregate  to  that 
constant  he: id.  As  an  illustration,  let  B  C,  fig.  179,  be  a  constant 
head  of  water,  and  A  B  a  horizontal  pipe ;  then  the  same  quantity  of 
water  will  be  discharged  at  the  point  A,  in  the  same  time,  by  the 
horisontal  pipe,  as  would  be  dischaiged  by  a  pipe  laid  hypothe- 
niually,  as  in  fig.  180,  provided  €hat  the  top  snr&oe  of  the 
water  be  kept  at  the  same  height  at  0,  above  the  point  A  in 
each  case,  and  that  ike  point  A>  is  at  the  same  horizontal  distance 
from  G. 

If  any  be  inolmed  to  doubt  the  oorrectness  of  this  principle, 
they  may  find  a  strong  confirmation  of  it,  in  the  results  of  some 
very  valuable  experiments  communicated  to  the  Institution  of 
Civil  Engineers  hy  Mr.  W.  A*  Flrovis,  M.LG.E.,  and  contained 
in  the  Account  of  the  Transactions  of  that  Society,"  voL  ii, 
p.  201. 

But  for  the  existence  of  friction,  water  would  fidl  a  given 
height  in  the  same  space  of  time  whether  the  points  of  supply 
and  dischazge  were  ntuated  vertically  above  each  other  or 
whether  a  oonsidemble  horizontal  spax^e  intervened,  but  inas- 
much as  the  discharge  of  water  must  be  vertical  unless  con-^ 
dncted  otherwise  by  some  artificial  medium,  the  resistaijce  offered 
by  friction  is  greater  or  less  according  to  the  rate  of  inclination 
at  wliich  the  conducting  medium  is  brought  ia  contact  with  the 
water. 

At  a  time  then  when  ^:lnitary  questions  are  occupying  a  very 
gpreat  share  of  public  attc Tiilon,  and  every  town  in  the  kingdom  ia 
establishing  its  waterworks  and  carrying  out  works  of  drainage, 
it  becomes  more  than  ever  important  that  the  quantity  of  water 
discharged  from  pipes  under  all  the  varied  circumstances  of 
greater  or  less  diameter,  head  and  pressure,  bhould  be  distinctly 
understood. 

Among  the  several  rules  for  calculating  the  discharge  of  water 
through  pipes,  may  be  mentioned  that  of  the  Chevalier  Dubuat, 
in  his  JVm<^«  dHydrauUgue,  an  abridged  account  of  which  is 
given  by  Professor  Robieon  in  his  arlade  on  riyers  and  water 
works  in  the  Ena/cloptBdia  Britanniea;  the  formula  of  M. 
Eytelwein,  a  Gkiman  mathematician,  who  devoted  much  time  to 
enquiries  of  this  nature,  and  published  at  Berlin  in  1801  a 
valuable  compendium  of  hydraulics,  entitled  Handbueh  der 
Msehanih  hnd  der  ffydrtuiWi    The  formula  and  table  of  Mr. 
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Smeaton;  the  formula  ol  Prony;  Dr.  Young's  deductions 
from  expermicnts  auii  comparisons  ;  the  coacluaions  of  M.  Genicys 
contained  in  a  quarto  work,  published  in  Paris  in  1829,  entitled 
Essai  sur  les  Mot/ens  de  conduire,  (Telever  et  de  distribuer  les  Eaux, 
par  M.  Genieysj  Ingenieur  au  Carps  Royal  des  Fonts  et  Chaussces, 
attache  au  service  de  la  Distribution  des  Eaux  dans  Paris;  the 
experiments  of  the  Abbe  Boasuts;  and  the  experiments  of 
M.  Couplet;  the  results  of  the  very  valuable  experiments  by 
Mr.  Piovis,  M.LC.E. ;  the  researches  of  Mr.  Peacocke,  C.E. ; 
and  the  formula  of  Mr.  Hawkeeley. 

The  rules  and  formula  o£  most  of  the  early  authors  are 
expressed  in  such  difierent  terms,  and  produce  such  conflusting 
results,  that  they  are  of  little  value  for  the  practical  requirements 
of  the  present  day. 

Two  or  three  years  ago,  I  turned  my  attention  to  this 
subject;  collected  and  investigated  the  several  formula,  in 
connection  with  the  recorded  experiments,  and  tabulated  the 
results.  A  second  and  very  extended  edition*  of  these  Tables 
has  been  for  several  months  in  progress,  and  will  probably  be 
ready  for  the  press  by  the  time  this  work  leaves  the  hands  of  the 
printer. 


•  Synopsis  of  tlie  Second  Edition  of  "  Rv  de  s  flydrauLic  Taiks,^* 

Table  1.  Relative  i&oliiiatioiis,  especially  applicable  to  Tubl<  R. 
„  S.  Relative  indiiiiitioiu^  espedaUy  applicaUe  to  Table  lu. 
„  8.  Bdative  values  of  the  i»operties  of  a  tiiele^  (very  complete). 
„   4.  Square  roots  of  numbers,  from  I  to  1000, 

6,  Cube  roote  of  numbers,  from  1  to  1000. 
„    0.  Logaritbras  of  numbers. 

7*  Hyperbolic  logarithius. 
„  8.  Diaoharge  and  velocity  of  water  and  sewage  passing  through  pipes. 
9.  Lose  of  head,  oocaaioacd  by  the  friction  of  bends  and  angles,  whetlm 

in  pipes,  rivers,  canals,  or  other  arterial  cuts. 
10.  The  mean  velocity  of  water  ^wing  through  rivers,  canals,  drains,  or 
other  arterial  cuts,  according  to  depth  and  falL 
,,  11.  Surfiue,  mean  aaid  bottom  -velocities  of  liyera. 
,,  IS.  Apparoidmate  swell  oecasioaed     the  piers  of  a  bridge  or  other  con- 
traction of  the  watrar  way. 
„  18.  Wdght  and  thickness  of  cast  iron  pipefl^  required  to  sustain  the  pareasnre 
of  different  heads. 

„  14.  Velocity  of  water  diachaiged  from  rsservoirs,  dnices,  bridges,  and  vei" 

tical  pipes. 
„  16.  Discbarge  of  wdra  and  overalls. 

16.  Quantity  of  water  in  cubic  feet  due  to  rain-fall,  on  any  number  of  acres. 
„  17.  Relative  quanuties  of  rain-fail  for  dii£erent  measures  of  time. 
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INCLINATION  1  IN  15. 

DIA1££T£R 

DISCHABGfi 

VELOCITY 

OF 

PBR 

FEB 

PIPE. 

MINUTE. 

MINTTTK. 

iDohes. 

Gallons. 

Feet 

Feet. 

1 

Q 

o. 

X.J 

11 
9 

21. 

3.4 

278.6 

43. 

6.9 

318. 

H 

76. 

12.2 

358. 

8 

120. 

19.2 

892.5 

4 

245. 

39.3 

451.5 

5 

429. 

68.9 

505.5 

6 

677. 

108.7 

554. 

7 

996. 

159.8 

598. 

8 

1890. 

223.2 

639.5 

9 

1867. 

299.6 

678.5 

10 

2429. 

389.9 

715. 

11 

3082. 

494.8 

750. 

IS 

S88S. 

615.1 

788. 

13 

4678. 

750.8 

814.5 

14 

5626. 

903. 

845. 

15 

6694. 

1075. 

875.5 

16 

7S62. 

1262. 

904. 

17 

9143. 

14G8. 

931. 

18 

10560 

1695. 

969. 
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The  Tables  (of  which  a  specimen  is  ffiven  on  page  444)  show 
the  discharge  and  velocity  of  water  a#i  t  wace  flowing  througli 
pipes  of  any  diameter  from  1  inch  to  1 8  inches,  and  at  any  rate  of 
inclination  from  I  in  10  to  1  in  1000.  They  are  equally  applicable 
to  the  passage  of  sewage  through  drains,  or  pore  water  throngh 
water  pipes;  because  in  the  case  of  the  toimt.'r,  every  additional 
junction  throughout  the  entire  course  of  the  draiu  Increases  the 
pressure,  and  consequently  the  velocity ;  while  in  the  Case  of  the 
latter,  the  eSect  produced  by  each  braiioh  of  a  water  service,  in- 
creases the  friction,  and  therefore  diminishes  the  flow. 

The  arrangement  of  the  Tables  is  so  simple  as  to  need  butlitUe 
explanation.  If  it  be  required  to  ascertain  the  size  of  pipe  that 
will  discharge  a  certain  amount  of  sewage,  or  snpply  a  ^ven 
amount  of  water  at  a  known  faJl,  it  is  simply  to  turn  to  the  page 
headed  with  the  ^ven  rate  of  inclination^  and  take  out  the  dia- 
meter, which  stands  opposito  the  number  most  nearly  representing 
the  given  discharge. 

It  is  not  at  all  times  understood  why  a  snoall  pipe  drain  shall 
effectually  perform  the  functions  for  whidi  it  is  intended,  when  a 
larger  pipe  has  been  previously  deputed  to  the  same  task  md  failed. 
In  a  large  drain  the  run  of  water  is  spread  over  a  broad  surface  in 
a  thin  sheet,  by  whidi  means  the  friction  is  considerably  increased, 
indeed  exerted  to  the  utmost — the  flow  is  greatly  retarded  thereby, 
and  the  heavier  matters  at  flrst  held  in  suspension  are  by  the 
natural  law  of  gravity  eventually  deposited.  la  the  small  pipe  on 
the  contrary  the  water  is  concentrated,  friction  is  reduced— the 
flow  is  greatly  accelerated  in  consequence  and  all  matters  are  held 
in  suspension  and  carried  away.  Thus  if  anything  not  intended 
to  be  received  by  the  drain,  should  accidentally  find  its  way 
thither,  the  shallow  stream  with  litde  velocity  or  power  to  float  a 
heavy  body,  and  having  moreover  plenty  of  room  to  pass  it  by, 
adopts  the  opportunity  afforded  by  the  unnecessary  size  of  the 
large  drain,  and  leaves  the  foreign  substance  where  it  found  it ; 
there  to  accumulate  other  matters  and  become  the  nucleus  to 
what  may  eventually  choke  the  drain.  In  the  small  drain  on  the 
contrary,  if  aToreign  substance  enter,  or  an  impediment  of  any 
kind  is  presented  to  the  ready  flow  of  the  water— the  hydraulic 
pressure  is  immediately  increased  and  brought  to  bear  upon  the 
resisting  medium,  w!i5ch  cannot  long  resist,  and  it  is  carried  head- 
long down  the  chanucl  Ly  means  of  the  superior  force  itself  has 
created,  and  never  stops  again  until  it  is  precipitated  at  the  outlet 
of  the  sewer.  Fig.  181  represents  a  15-inch  drain  in  which 
the  height  of  water  is  supposed  to  ]ye  as  there  shown— and 
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the  impeding  sobsiaBoe  is  also  dmwiL  But  if  this  vere  a  4-nich 
pipe  as  shown  in  fig.  IS^^^he  same  quantity  of  water  would  haye 
assumed  a  yery  different  relation  towards  die  impediment,  and  its 
power  to  remoye  it  will  be  readily  oomprehended  on  examination 
of  the  sketch. 

Haying  referred  to  my  tables  as  simple  expositors  of  the 
capacities  of  pipes  for  the  purposes  of  drainage,  sewerage,  and 
water  supply,  according  to  the  inclination  at  which  they  are  laid, 
I  now  propose  to  treat  briefly  the  practical  operation  oi'  draining  a 
town  and  supplying  it  with  pure  water. 

Undoubtedly  the  first  desideratum  in  considering  the  rti  n, 
is  to  secure  the  best  possible  outfall  for  the  drainage,  sutiiciently 
removed  from  the  town  to  prevent  ineonvenience  or  nuisance  from 
noxious  effluvia,  and  yet  in  a  position  if  possible  to  enable  the 
sewage  to  be  intercepted  and  nspd  as  on  agricultural  manure, 
if  the  agriculturists  in  the  neighbourhood  are  willing  and  can  make 
it  answer  their  purpose  to  co-operate  with  the  town's  people  for 
its  purchase. 

Upon  this  question  of  application  of  sewage  to  agricultural 
purposes,  much  diversity  of  opinion  exists  j  person^y  I  am 
inclined  to  belieye,  that  if  the  landowners  and  fiumers  in  the 
yidnity  of  eyery  town  in  which  proper  works  of  drainage  haye 
been  executed  be  invited  to  make  proportions  for  the  right  of 
using  the  sewage,  it  will  be  found  that  in  most  cases,  after  a 
sufficient  trial  has  been  allowed  to  enable  them  to  discover  the 
proper  mode  of  unng  it,  and  most  economical  manner  of  applying 
it,  that  a  revenue  of  6s*  per  annum  for  each  inhabitant,  at  ^e  very 
minimum,  may  be  realised  irom  that  which  is  at  present  not  only 
thrown  away,  but  what  is  far  worse,  is  suffered  to  injure  to  a  large 
and  unknown  extent  the  healtii  and  physical  condition  of  our 
town  populations. 

Having  determined  upon  the  outfoll,  the  next  question  is  to  lay 
out  judiciously  thd  main  sewers,  so  that  each  street  may  have  at 
least  one  drain,  laid  at  such  a  depth  as  shall  drain  the  foundations 
of  the  houses ;  into  which  surface  grates,  at  properly  regulated 
intervals,  will  open  by  means  of  trapped  side  drains,  as  well  as  the 
secondary  drains  from  houses,  courts,  &c. 

There  are  few  towns,  excepting  only  the  veiy  largest,  that  may 
not  be  effiaendy  drained  by  means  of  glazed  stone  ware  pipes, 
without  resorting  to  more  expensive,  and  leas  serviceable  sewen. 

The  main  drains  should  be  laid  out,  so  as  to  r^ush  by  as  direct 
a  course  as  possible  the  point  of  outfall,  for  to  decrease  the  length 
of  a  drain  is  the  same  as  to  increase  the  faU;  they  should  also  be 
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as  free  as  possible  of  ehfurp  auglea  and  bends,  and  should  mamtain 
throngboat,  as  nearly  aa  can  be  aocomplisbedy  a  regular  rate  of 
mdination. 

The  greatest  internal  diameter  of  drain  pipe  recommended  to  be 
used,  is  15  inches;  beyond  thb  size  tbey  are  rarely  true  in  form» 
and  are  Tery  difficult  to  lay  down  properly.  I  have  had  laid  down 
under  my  superviaon  pipes  18  inches  in  diameter^  but  the  work 
is  not  nearly  so  satis&ctory  as  ihe  smaller  sizes,  although  it  has 
now  worked  very  effidently  for  more  than  four  years.  In  all  future 
operations,  I  shall  consider  the  propriety  of  making  two  drmns  in 
all  cases  in  which  a  15-inch  pipe  will  not  meet  the  requirements. 

In  digre^ng  a  little  from  my  subject  to  describe  the  kind  of 
map  upon  which  the  drains  must  be  marked  out,  I  feel  I  cannot  do 
better  than  refer  to  the  valuable  suggestions  of  the  General  Board 
of  Health  on  this  particular  question,  bearing  as  they  do  the  high 
stamp  of  official  authority,  and  being  exempt,  as  they  neces- 
sarily must  be,  from  every  imputation  of  interested  motives,  which 
generally  attaches  to  a  professional  man,  when  suggesting  works 
tending  to  benefit  himself  or  his  order. 

Having  issued  to  engineers  and  surveyors  specimen  plans  on  a 
prescribed  scale  showing  every  possible  detail  relating  to  sewerage, 
drainage,  and  water  supply,  the  General  Board  in  their  Minutes 
of  the  26th  July  1850,  remark: — 

There  appears  to  be  generally  an  imperfect  acqnaintaaoe  with  the  aotnal 

neoesHty  and  value  of  proper  snrveyB  upon  which  required  works  of  improvement 
hf^  ve  to  be  founded.  It  seems  to  be  rery  frequently  supposed  that  if  any  sort  of 
plan  exists  of  a  town  or  neighbourhood  it  wiii  answer  the  purpose  wad  that 
fuitiier  expenditure  upon  the  survey  of  a  distriot  woald  be  both  unneoessary  and 
waslefuL  It  may  be  eafily  asserted  .however  that  so  fiir  from  these  surreys  being 
either  valnelesB  or  costly,  that  works  of  sanitary  improvement  cannot  be  satis- 
factorily or  ceooomicalfy  carried  out  without  trustworthy  plans  prepared  from 
these  surveys. 

"  In  respect  to  the  principal  works  ui  improvement,  nmnely,  drainage  worksi 
oiw  chief  source  of  waste  firom  inefficiency,  arnmg  from  the  want  of  a  complete 
system  of  levels,  has  been  the  laying  down  of  lines  of  sewers  at  insufficient  or 
wrong  indtnations,  which  combined  with  errors  as  to  rnnii«  :inrl  modes  of  con- 
struction have  made  drains  and  sewers,  instead  of  serving  for  the  rapid  discharge 
ot  all  matters  intended  to  be  conveyed  away,  mere  reservoirs  of  deposit,  increasing 
the  amount  of  noxious  evaporatmg  surfhce  beneath  the  Mte  of  the  town. 

**  It  has  heea  moreover  the  usual  custom  hitherto  to  ky  out  the  Unes  of 
drainage  upon  street  plans  mer^,  without  r^ard  to  the  disposition  of  properties, 
or  other  fecilities  for  the  work  which  would  present  themselves  upon  good  and 
complete  plana.  Thus  a  line  of  sewer  is  necessarily  marked  down  every  street 
into  which  the  drainage  of  each  house  has  to  be  separately  led. 

"  It  has  appeared  also  upon  recent  investigatjons,  that  there  has  b^  grmt 
extravagance,  not  only  from  this  want  of  complete  general  surveya  as  the  founda- 
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ima  of  dn&iage  wukt,  tmt  from  the  iaBuffieienoy  oftny  dirtriet  surveyo  for  tfie 

laying  ont  of  thn  main  works,  those  of  house  drainage. 

"  Various  comjmriwDa  have  been  recently  made  of  dt^rent  districts  of  the 
metropolis^  with  the  view  of  exhibiting  the  immense  economy  of  the  proposed 
detailed  pkas  on  a  laige  scale  as  aifoiding  the  opportomty  of  laying  oat  lines 
of  drainage  m  the  most  judiciotts  directions »  aiid  looking  at  the  question  as 
one  of  mere  economy,  witfioat  reference  to  Ae  advantag^  of  better  db«inage 
by  greater  falls  and  quicker  flows,  it  has  invariably  been  foxmd  that  the  saving 
of  publio  sewer  alone  rendered  practicable  b^  the  detailed  survey,  amounted  to 
many  times  the  actual  oost  of  the  snrvey,  and  that  one  half  of  the  cost  of  private 
house dnJna  might  be  eoonomised  by  aid  of  ^same  guide.'' 

With  reference  to  the  new  survey  of  the  metro fioli=  undertaken 
by  the  Ordnance  Survey  Department  at  the  rccomin*  ndation  of 
the  Metropolitan  Sanitary  Commission,  and  now  in  course  of  com- 
pletion,  the  General  Board  of  Health  remark  in  their  report  on 
the  water  supply : — 

''By  the  aid  of  this  surrey,  combined  works  may  now  be  executed  with 

Cert^nty.  Under  the  present  method,  according  fo  which  water  works  are  laid 
down  piecemeal,  and  in  disorganised  portion?,  the  mains  are  separated  from  the 
Other  aod  most  importaot  part,  the  apparatus  for  the  delivery  of  water  into 
hoosesy  and  under  tiiis  system  an  accurate  system  of  levds  is  not  apparent.  But 
by  means  of  theaoourate  levels  set  forth  on  the  surrey,  the  inclines  and  direotiona 
of  the  branches  may  be  determined,  with  the  effect  of  saving  considerable  lengths, 
and  of  securing  the  greatest  amount  of  flow  and  the  readiest  supply  of  water  at  flie 
least  coat.  By  the  system  of  levels,  the  relation  of  every  minute  portion  of  the  work 
to  the  whole  system,  the  d^ree  of  pressure  and  strength  of  the  apparatus  required 
in  any  room,  tibe  height  and  force  of  the  jets ;  and  the  quaati^  of  water  delivered 
for  any  purpose  on  any  spot  and  the  average  pressure  of  the  water  supply  in  any 
district;  may  be  known  and  reflated  at  any  period  ;  wliilst,  every  workman 
engaged  in  the  execution  of  combined  works  in  the  dark  and  densely  crowded 
dtttrioto^  may  be  guided  by  the  survey  in  layiug  down  house  and  branch  draios  for 
the  discharge  of  soil  wator  at  the  proper  inclinations,  and  in  dbectioos  having 
conect  relation  to  works  often  at  several  miles  distant  By  the  levds  taken  for 
this  survey,  the  waste  in  laying  out  extensive  lines  of  sewers  with  no  fiill,  or  with 
falls  the  wrong  way,  waste  such  as  tliat  of  laying  out  a  tabic  of  drainage,  in- 
dnding  an  entire  district  in  sttch  imperfect  relation  to  other  districts  as  would 
involve  in  the  opinion  of  the  chief  surveyor,  an  expense  of  upwards  of  £250,000, 
to  set  the  levels  right,  may  be  prevented ;  and  the  whole  of  the  public  works  of 
the  metropolie^  inchiding  roads  may  now  be  placed  in  correct  relation  to  otha 
works. 

,  "  The  General  Board  desire  to  lay  stress,  at  the  present  time,  upon  the  im- 
portance of  this  view  of  the  8ul|ject  alone ;  but,  surveys  sufficient  for  saniiteury 
purposes,  will  be  permanently  available  for  all  others,  and  will  prove  of  great 
value  for  the  complete  map  delioeation  of  many  classes  of  information.  lu  the 
general  consideration  of  the  necessity  of  such  plans  for  the  purposes  of  the  Public 
Health  Act,  the  General  Board  have  not  overlooked  these  several  other  uses  to 
which  Ihey  may  be  applied,  tending  in  various  ways  to  much  ultimate  improve- 
ment and  advantage. 
**  Besides  the  more  immediate  uses  of  plans,  therefore,  for  the  complete  ddinea* 
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tion  ofraain  and  house  drainage^  water  works,  gas  works,  and  pavements,  specimen 
plans  have  been  prepared,  exhibitmg  among  other  things,  the  value  of  such 
8urv^  in  the  r^tration  of  property,  in  street  and  buflding  improvements,  in 
valuations  and  assessments,  in  rate  collections,  and  in  the  records  of  public  officers, 
the  District  Surveyor,  the  Officer  of  [leallli,  the  Registrar,  tbp  Relieving  Officer, 
and  the  Police.  Plans  adapted  to  these  additional  uses  might  be  made  to  present 
iu  time  a  coiuplete  Listurical  record  of  the  progressive  iuiprovenieat  of  town 
populations  of  greater  national  valoe  than  any  registration  in  books. 

"In  order  to  lay  out  with  completeness  and  efficiency  works  of  imp'ovement 
under  the  Public  Health  Act,  two  plans  will  be  required  to  be  prepared  from  the 
survey,  one  a  general  plan  to  a  small  scale,  affording  a  complete  view  of  the  entire 
disl^ty  and  the  other  a  detailed  plan  of  the  town  portion  of  the  area. 

**  The  scales  proposed  by  the  General  Board  of  Health  are  for  the  f^nersl  plan 
two  feet  to  the  rnOfi,  and  for  the  detail  plan  10  feet  to  the  mile. 

In  fixing  the  scale  of  the  general  plan  it  appeared  to  be  desirable  tbatitdioold 
be  so  small  as  to  afford  a  complete  view  at  once  of  the  entire  disti'ict  under  con- 
sideration but  at  the  same  time  large  enough  to  admit  of  the  accurate  measurement 
of  areas  of  land  and  oUicr  g^eral  uses*  For  the  iirst  consideration  a  smaller  scale 
than  that  pnqposed  would  have  heea  equally  serviceable,  but  the  e3q»erience  of  the 
Tithe  Office  has  found  that  areas  cannot  be  determined  with  the  required  accuracy 
upon  a  less  scale  thau  three  chains  to  an  inch.  A  scale  of  two  feet  to  the  mile  lias 
be(!n  adopted  as  the  nearest  approach  to  the  tithe  scale  that  wouid  torm  an  aliquot 
division  of  the  scale  of  the  detailed  plan, 

« A  complete  system  of  levds  should  form  one  most  essential  feature  of  tiie 
general  phm.  In  the  practical  carrying  oat  of  proposed  works  the  genersl  board 
have  every  reason  to  believe  that  a  great  number  of  fixed  points  of  level,  which 
can  at  any  time  be  found  and  referred  to  on  the  nfround,  will  be  of  infinitely 
greater  service  than  any  system  of  contour  lines,  which,  after  they  have  been 
levelled,  have  no  existence  but  on  the  plans.  The  comparatively  small  value  of  a 
system  of  contour  lines  does  not  appear  to  warrant  the  very  large  expense  of  thdr 
execution,  more  particularly  as  with  an  extensive  system  of  fixed  points  of  level 
for  guidance,  the  general  configuration  of  the  ground  may  be  lined  out  by  the 
surveyor  on  a  small  scale  plan  with  sufficient  accuracy  for  all  the  purposes  for 
which  contour  lines  are  generally  serviceable* 

"The  scale  of  the  detailed  plan  has  been  determined  mainly  by  the  expoioioe 
ofwhat  is  required  for  tlie  complete  exhibitiion  of  all  the  particulars  of  mam  and 
honse  drainage  ;  for  it  has  been  found  that  any  scale  large  enough  for  this 
purpose  would  be  sufficient  also  for  any  other  service  far  which  a  complete  and 
detailed  map  would  be  required. 

PriofT  to  any  deciskm  on  this  important  poin^  considerable  trial  was  made  of 
various  scales,  and  all  available  experience  sought  upon  the  subject  The  scale 
adopted  is  an  inch  to  44  fee^  or  10  feet  to  the  mile. 

"The  Ordnance  Town  Scale  is  only  one  half  of  this,  or  five  feet  to  the  mile, 
but  in  some  towns  in  which  recent  surveys  have  been  made,  considertihly  larger 
scales  than  now  ]m)p(^d  have  been  adopted. 

The  Town  Council  of  Liverpool  have  had  a  plan  executed  to  a  scale  of  22 
feet  to  the  mile,  notwithgtuuding  that  the  ordoanoe  had  already  made  a  survey 
of  that  town  to  the  scale  of  5  feet  to  the  mile ;  but  the  trials  which  have  been 
made  by  the  General  Board,  and  the  experience  on  the  subject  obtained  in  the 
metropolis,  have  clearly  shown  that  while,  on  the  one  hand,  so  large  a  scale  is 
inconvenient  and  the  Ordnance  Scale  for  Town  Surveys  first 
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adopted  in  Irdaad  18^  <ntiie  other,  quite  inadeqiiate  to  the  papoKS  for  which  the 
plans  are  now  required 

"  Provided  that  the  scale  is  sufficiently  large  for  the  proper  exKbition  of  the 
most  crowded  subject  matter  of  iuformation— the  house  dniiuage,  it  appears  to  be 
far  more  desirable^  for  the  clear  exbibitiou  of  the  vai  ioud  particulars  required,  that 
the  separate  classee  of  work  should  be  shown  on  separate  copies  or  tracings  of 
the  plan,  than  that  the  scale  should  be  enlarged  for  the  purpose,  fbrno  practicable 
enlargement  avoids  the  confusion  which  arises  from  crowding  these  different 
classes  of  work,  hovrover  imperfectly,  upon  the  same  plan. 

"There  is  one  cs^^utial  teature  in  the  specimen  piao,  which  hm  not  hitherto  re- 
cdved  attention,  and  without  which  no  attempt  should  be  made  to  lay  out  works 
of  drainage,  that  is,  die  lerd  of  the  basement  or  lowest  floor  of  every  house.  In 
the  absence  of  this  infinmation,  it  continually  occurs  that  sewo^  are  laid  down 
some  feet  higher  than  the  places  they  are  infHndKl  to  drain,  and  the  sewers  drain 
into  them  instead.  The  great  object  of  the  dttip  drainage  of  towns  is  effectually 
to  carry  off  the  refUse  from  habitations,  and  yet  works  are  constantly  executed 
without  any  certamty  of  accompUehing  this  special  obgect.  The  General  Board 
have  already  had  presented  to  them,  under  the  Public  HealUi  Act,  plans  for  ap- 
proval, In  which  no  iufonnatiou  whatever  has  been  obtained  on  this  point,  and  in 
which  there  was  not  t  he  least  security  that  the  sewers  would  not  be  laid  above  the 
level  of  the  basement.'' 

To  resume  mj  subject^  Ae  main  drains  liaving  been  marked 
oat  on  the  map,  the  next  consideration  is,  the  size  they  will  reqnire 
to  be  oonstmcted,  to  fblfil  all  the  nses  for  which  they  are  in- 
tended; at  the  same  time  it  should  be  forcibly  borne  in  mind  that 
the  less  the  diameter  of  the  sewer  is  m  excess  of  its  actual  reqnire- 
ment8>  the  easier  it  is  to  be  constructed,  the  cheaper  will  be  the 
present  cost  and  future  repairs,  and  the  easier  and  more  effectiyely 
will  it  cleanse  itself  with  the  aid  of  the  ordinary  sewer  water.  It 
is  a  very  common  error  to  assume  that  a  sewer  to  a  reasonable  size 
cannot  be  too  large ;  and  it  is  the  most  certain  course  for  the  inha* 
bitants  of  a  town  to  take,  upon  the  first  mention  of  improvements 
of  this  nature,  to  set  about  framing  extravagant  estimates  of  the 
cost  of  a  sewer  large  enough  to  drain  five  times  the  amount  of 
their  population,  as  though  there  were  no  medium  between  the 
absence  of  drains  in  their  town,  and  the  existence  of  sewers 
that  would  require  the  full  force  of  a  large  river  to  keep 
them  clean. 

Tt  hns  been  found  in  many  instances,  upon  opening  large  sewers 
that  have  become  stopped  up  from  a  supposed  inability  to  carry 
oli"  all  the  water  they  have  heen  required  to  do,  that  the  sole  rea- 
son has  been  the  deposit  of  cesspool  matter^  accumulated  b^ond 
the  power  of  water  to  remove  it,  and  leaving  but  a  mere  fractional 
part  of  the  sectional  area  of  the  sewer  for  the  passage  of  the 
water. 
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Fig.  183  represents  a  laige  sewer  in  the  metropolis,  and  the 
condition  in  which  it  was  found  by  the  officers  of  the  Sewers 
Commission.  The  space  occupied  hj  the  orcUnary  run  of  the 
sewage  in  the  form  to  which  it  had  worn  itself,  is  shown  near  the 
crown  of  the  arch. 

Figs.  184  and  185  represent  two  instances  in  large  sewers  in  which 
the  actual  requirements  of  the  run  of  the  sewage  is  depicted  in  a 
smaller  amount  of  deposit.  It  will  be  seen  by  these  examples  that 
a  pipe  sewer  would  have  carried  off  all  the  ordinary  sewage  water, 
and,  as  has  been  previously  advanced,  would,  in  its  passage,  have 
carried  off  all  the  matters  which  formed  the  deposit  in  the  larger 
one. 

The  notion  that  large  sewers  must  be  used  to  cany  away  an  oc- 
casional excess  of  storm  water  is  at  once  refuted  by  these  examples, 
for  since  accumulations  of  this  kind  will  continually  take  place 
under  orchnary  circumstance^^  these  exti-aordinary  occasions  find 
no  greater  accommodatiou  in  the  larger  sewer  than  in  the 
smaller  one. 

The  proper  functions  of  sewers  are  obviously  to  convey  away 
from  a  town  the  whole  of  the  sewage  refuse  of  every  house  in  the 
district,  the  accumulations  of  foul  matter  in  courts,  lanes,  and 
alleys;  and  so  niurh  of  the  rain-fall  of  the  district  as  may  fall  upon 
the  surface  of  the  roads,  streets,  courts,  &c.,  the  roofs  oi"  biiildingrf, 
and  of  yards,  or  other  spaces  attached  to  them ;  but  to  attempt 
to  provide  for  the  subsoil  drainage  of  the  site  of  the  town  by 
any  other  than  the  natural  means,  or  an  independent  system, 
totally  separated  and  distinct  from  the  sewers,  is  expensive  and 
fritile. 

If  the  whole  of  the  rain  or  storm  waters  falling  upon  the  streets 
and  buildings  of  the  town  is  conducted  away  in  the  sewers  within 
a  reasonable  si^ioe  of  time  after  it  falls,  and  the  whole  of  the  house 
drainage  is  provided  for  in  the  same  way,  what  can  be  the  amount 
of  dampness  or  moisture  from  below  that  it  may  be  necessary  to  be 
carefrd  for? 

In  determining  the  capacity  of  sewers,  we  therefore  have  to  as- 
certain, the  amount  of  house  drainage  to  be  provided  for,  by 
estimating  the  number  of  houses  we  intend  to  drain  into  the 
sewers,  and  by  assuming  that  each  house  will,  in  a  given  time, 
discharge  a  certain  quantity  of  sewage.  This  calculation  is  of  ne- 
cessity only  an  approximation,  but  it  will  be  found  to  be  a 
useful  one. 

For  its  basis,  we  may  consider  that  each  house  contains  on 
an  average  five  individuals,  and  that  for  every  individual 
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twenty  gaUons  of  sewage  matter^  indnciiiig  waste  water  from 
all  household  souroes,  will  pass  into  the  drain  in  the  course  of 

the  day. 

The  mnximum  rain-tall  may  be  taken  as  two  inches  in  any  one 
day,  and  may  be  computed  on  the  total  area  of  site  occupied  by 
streets,  houses,  buildings,  yards,  and  gardens,  according  to  cii'cnm- 
stances,  and  the  probability  of  the  whole  or  chief  part  of  the  bulk 
being  discharged  without  evaporation  into  the  sewer. 

We  have  taken  the  houpe  drainage  and  rain-Ml  of  one  entire 
day  of  twenty-four  hours;  but  inasmuch  as  the  drainage  is  exceed- 
ingly irregulax  and  uncertain,  and  not  at  all  likely  to  be  spread 
equally  throughout  the  whde  time,  and  a  J uly  storm  may  cause  a 
large  accumulation  of  surface  water  in  a  very  little  while^  it  has 
been  deemed  advisable  by  very  able  and  experienced  practitioners 
to  allow  for  the  possibility  of  the  combined  quantity  being  dis- 
charged in  two  hours. 

It  frequently  happens  that  a  few  straggling  houses  stand  in 
grounds  of  considerable  extent,  but  it  must  not  be  understood  that 
the  calculation  for  rain-fall  is  to  be  computed  on  such  sites;  it  has 
already  been  explained  that  for  the  drainage  of  such  properties  the 
natural  drainage  out'fall  of  the  district  must  be  resorted  to,  as  it 
would  hardly  be  sanctioned  by  the  loudest  economists  to  build  a 
sewer  sufficiently  large  to  f^ovide  against  inconvenience  such  as 
thb,  which  may  not  arise  twice  in  the  year. 

Having  fu-rived  at  the  approximate  quantity  of  sewage  matter 
to  be  conveyed  away  by  the  sewers  in  two  hqurs,  and  having  al- 
lowed some  additional  quantity  for  the  probable  increase  of  the 
neighbourhood,  if  we  divide  the  sum  in  the  aggregate,  reduced  into 
cubic  feet  by  120,  we  get  the  quantity  per  minute,  which  at  once 
identifies  us  with  our  Tables.  But  the  quantity  we  have  now  ob- 
tained is  the  total  quantity  at  the  outiall,  and  the  sewer  will  not  be 
required  to  accommodate  so  large  a  supply  tliroaghout  the  entire 
length  of  its  course ;  it  will  be  ex})edient,  therei'ore,  in  the  first 
place,  to  consider  such  a  length  of  it  only,  commencing  from  the 
outfall,  as  partakes  of  no  %  cry  great  diminution,  and  by  taking  the 
rate  of  inclination  from  the  section,  a^ertain  from  the  Tables  the 
size  of  pipe  that  will  be  necessary  to  fulfil  the  requirements.  Other 
portions  may  then  be  taken,  and  the  sewer  may  be  gradually  dimi- 
nished in  size,  as  the  purposes  for  which  it  is  intended  may  become 
lessened  in  extent.  It  may,  however,  be  well  to  limit  the  minimum 
size  of  a  main  or  principal  sewer  to  nine  inches  of  dear  internal 
diameter,  ihrace  increanng  to  twelve,  and  reaching  its  mazimnm 
at  fifteen. 
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If  it  becomes  necesaary  to  exceed  the  diameter  of  fifteen  inclies^ 
it  will  be  de^brable  to  resort  to  the  old  description  of  brick  sewers ; 
consequently^  a  few  words  with  reference  to  the  most  approved 
form  of  such  drains^  will  be  in  consonance  with  the  object  of  the 

present  work. 

The  form  of  a  sewer  should  be  conduciTe  to  strength,  at  a  mini- 
mum cost ;  hence  the  adoption  of  the  circle,  as  a  form  oi^ng  to 
all  the  exterior  ports  of  the  sur&ce  a  uniform  resistance  to  pressure 
from  without.  But  the  top,  sides,  and  bottom  of  a  sewer  are  not 
required  to  sustain  a  uniform  pressure,  being  acted  upon  in  very 
different  directions,  the  greatest  amount  of  pressure  being  verti- 
cally, and  consequently  the  greatest  ability  to  resist  pressure  should 
be  above  and  below,  the  sides  being  more  or  less  tried,  according 
to  the  nature  of  the  Burrounding  soil,  and  its  ability  to  support 
itself  by  its  own  tenacity. 

As  fluids  flow  with  greater  velocity  the  less  they  are  exposed  to 
friction,  the  heat  description  of  sewer  must  bo  that  wliich  offers 
umler  all  circumstances  of  more  or  less  supply,  the  least  amount  of 
surface  in  contact  with  the  fluid. 

It  will,  therefore,  be  seen,  that  what  is  called  the  "  Egg-shaped 
Sewer,"  which  is  illustrated  in  fig.  186,  affords  in  the  greatest  de- 
gree the  two  considerations  wc  have  been  discussing,  viz.,  "  strength 
vertically,"  with  the  advantage  of  a  confined  channel,  and  a  "mini- 
mum amount  of  sui-face  exposed  to  friction,"  under  all  circum- 
stances, of  much  or  Uttle  matter  in  the  sewer. 

This  form  of  sewer  is  simply  constructed  by  observing  the  fol- 
lowing proportions: — ^Let  the  diameter  of  the  lower  arc  be  1 ;  the 
diameter  of  the  upper  arc  2 ;  the  height  of  the  sewer  3 ;  and  the 
radius  of  the  side  arcs  3* 

In  computing  the  capacities  of  briek  iemers,  the  values  given  in 
the  Tables  must  not  be  depended  upon,  as  they  are  based  upon 
the  discharges  of  pipes  having  a  glazed  internal  surface,  through 
which  the  sewage  matter  passes  more  freely  than  the  surface  of  the 
brick  sewers  wUl  allow  it  to  do.  The  disdiarge  will,  therefore,  be 
considerably  less,  more  or  less  varied,  according  to  oircumstanoes, 
but  probably  30  or  40  per  cent ;  the  pipes  being  altogether  better 
suited  to  the  purpose. 

It  is  interesting  to  investigate  the  varied  powers  possessed  by 
water  in  motion  under  different  drcumstances*  A  stream  of  water 
4  feet  wide  and  an  inch  deep,  with  a  fall  of  1  in  150  is  sluggish, 
while  the  same  water  running  through  a  12-inch  drain  {npe,  laid 
at  the  same  rate  of  inclination,  flows  at  a  connderable  velocity. 
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The  former  would  deposit  ailt  or  sand^  the  ktter  would  certamly 
remove  it. 

One  very  great  objection  to  large  drains  is  the  necessity  of 
cleansiiig  them  by  manual  labour. 

The  legislature  has  very  properly  prohibited  the  sweeping  of 
chimnies  by  boys  as  an  occupation  degrading  to  human  nature, 
eminently  cruel,  and  belonging  to  a  low  state  of  art ;  but  that  oc- 
cupation was  a  princely  one  as  compared  with  the  employment  of 
cleansing  sewers  by  hand.  Instances  have  occurred  of  the  death 
of  men  who  haye  been  sent  to  crawl  up  sewers  charged  with  foul 
gases,  while  many  have  had  their  health  irreparably  injured  in  this 
disgusting  labour  for  th^  daily  bread. 

The  following  are  extracts  firom  some  of  the  reports  of  the  sur- 
Toyors  employed  upon  the  subterranean  survey  of  the  metropolis, 
recently  conducted  for  the  Metropolitan  Sewers  Commission: — 

"09 J  miles  of  seweis  have  been  surveyed  in  the  Surrey  and  Kent  district. 
The  surveyors  find  great  diiiiculty  in  levelling  the  sewezs  of  this  digi^rict ;  for^ 
in  the  first  place,  tiie  deposit  is  usually  about  2  feet  in  depth,  and  in  some 
cases  it  amounts  to  nearly  5  feet  of  putrid  matter.  The  smell  is  usually  of  the 
ino'?t  Tiorrible  description,  the  air  being  so  foul  that  explosion  and  choke  damp 
are  very  frequent.  On  the  12th  Jimuary,  1849,  the  surveyors  were  vr  ry  nrlv 
losing  a  whole  party  by  choke  damp,  the  last  man  being  dragged  out  on  his  back 
(through  2  feet  of  Uaoik  festid  deposit)  in  a  state  of  insensOnlity.  AnoAer  ez- 
plosiaii  took  place  on  the  ISth  Fehroavy^  in  the  Peokluun  and  CkumberweQ  Road 
sewer,  and  one  on  the  Febmaiy,  in  the  Kennington  Road  sewer ;  in  both 
cases  the  8ur\'eyors  had  the  skin  peeled  off  their  faces,  and  their  hair  singed.  Two 
men  of  one  party  had  also  a  narrow  escape  Brom  drowning  in  tlie  Alsoot  Boad 
sewer,  Boiherhitfaey  on  the  34th  instant ;  bnt  fertonatdy  none  of  the  lorq^g 
cases  were  attended  with  servms  damage. 

**  The  sewers  on  the  Surrey  ride  are  very  irr^pular ;  even  where  they  are  in- 
Tcrted  they  fre*}uently  have  a  Tiimber  of  steps  and  inclinationB  the  reverse  way, 
causing  the  deposit  to  aeeomulate  in  elongated  cesspools.  It  must  be  coosidered 
fertunate  that  the  snbtenanean  parties  did  not  iirat  cuuimence  on  the  Surrey  side, 
for  if  sodi  had  been  fhecas^  tbey  woold  most  nndonbtedly  have  broken  down.'' 

Theae  surveyors  report  that  in  the  modern  district  of  Belgrave 
and  Eaton  Sqiiaree,  uhlioiigh  the  brickwork  of  the  sewers  is  gene- 
rally sound  and  good,  tliey  contain  several  faulty  places^  and 
abound  with  noxious  matter,  in  many  cases  stoppincr  tlic  house 
drains,  and  smelling  horribly.  Tn  t  he  neighbourhoud  uf  Hyde-park 
Gardens,  and  the  costly  squares  aiui  streete  adjacent,  the  sewers 
abound  with  the  foulest  deposit,  from  which  the  most  di^usting 
effluvia  arises. 

It  has  been  estimated  by  professional  men  that  the  whole  eva- 
porating surface  of  stagnant  and  pestilential  matter  beneath  Uie 
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houses  and  streets  of  the  metropolis  is  equal  to  %  canal  50  feet  wide^ 
10  nules  long,  and  6  feet  deep,  and  that  it  w>uld  form  a  pntrid 
swamp  nearfy  800  acres  in  extent,  or  nearly  taree  times  as  large  a 
surface  as  the  whole  population  could  Be  dowi  upon. 

Without  any  reference  to  the  injury  to  hedth  that  must  inevi- 
tably result,  even  to  the  strongest  constitutims  exposed  to  such 
emanations,  or  how  insensibly  yet  fittally  they  prove  when  concen- 
trated upon  the  weakly,  and  without  any  reduce  also  to  the  very 
great  cost  of  such  large  sewers,  I  submit,  tha:;  on  the  question  of 
efficiency  alone,  I  have  shown  ample  reason  for  their  abandonment, 
excepting  under  the  most  urgent  contiDgencies. 

The  main  sewers  having  been  laid  out  and  tleir  sizes  detennined, 
the  arrangement  of  the  house  drainage  next  denands  our  attention. 

Perhaps  no  branch  of  the  constructive  art  las  received  greater 
improvements  from  Bcience,  than  the  formaticn  of  house  drains. 

Prior  to  the  year  1846,  it  was  the  custom  ia  the  metropolis  to 
construct  houae  drains,  either  square  or  circiinr,  12  or  9  inches  in 
width  or  diameter,  the  latter  being  the  minimim  size  permitted  by 
the  regulations.  These  drains  were  constricted  either  of  brick 
or  stone,  emptying  into  large  brick  sewers  5  feet  to  5  feet  6 
inches  in  height,  2  feet  6  to  3  feet  in  width,  vith  curved  top  and 
bottom  and  straight  sides.  The  expense  of  tiis  method  auiounted 
to  about  ten  guineas  per  house. 

In  1846  this  system  was  modified,  under  the  direction  of  the 
Westminster  District  Sewer  Commission,  a  ax  inch  pipe  was  sub- 
stituted for  the  former  house  drains,  dischargiig  iuLo  an  egg  shaped 
sewer  3  feet  3  inches  by  1  foot  9  inches  in  courts  from  300  to  400 
feet  in  length,  2  feet  9  inches  by  1  foot  6  indes,  in  places  varying 
irom  150  to  300  feet  in  length,  and  2  feet  I  inches  by  1  foot  3 
inches,  in  places  less  than  150  feet  in  length. 

The  expense  of  this  improved  system  avera^  about  five  guineas 
per  house. 

About  the  year  1849  a  system  of  back  diunage  was  introduced 
into  London  by  the  surveyors  of  the  Metroplitan  Commission  of 
Sewers,  which,  for  economy  and  efficien<79  surpassed  every  thing 
of  the  kind  that  had  preceded  it  to  an  astonisung  degree.  A  great 
number  of  house  drains  were  laid  down,  conposed  of  glazed  stone 
ware  impermeable  pipes  four  inches  in  dianeter,  and  instead  of  the 
previous  system  of  leading  the  drainage  (tb  most  deleterious  por- 
tions of  which  are  generated  chiefly  in  the  ')ack  premises)  through 
the  house,  into  the  n^in  sewer  in  the  midde  of  the  street,  favor* 
ing  to  the  utnmt  the  emission  of  effluvia  n  the  passage  throngh 
the  house,  and  havmg,  moreover,  to  pass  o^r  a  considerable  space. 
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with  the  least  posdblc  declivity  and  proportionate  Telocity,  the 
new  system  conceitratcd  the  sewage  in  smaller  drains  at  the 
farthest  pop=<ible  dis  anop  from  the  houses,  and  conveyed  it  away 
from  them  with  far  greater  velocity  produced  by  the  increased 
inclination  conseqnmt  upon  the  shortened  length  of  drain.  The 
junctions  too  were  tonnf  1  -^o  as  to  interfere,  as  little  as  possible, 
with  the  flow  of  the  sewage  boing  made  curvilinear,  instead  of  the 
right  angled  construction  ot  the  old  system.  In  addition  to  all 
which  advantages^  expense  of  construction  is  reduced  to  its 
miniiiiiim. 

Plates  13  and  Mare  two  plans  of  the  same  block  of  40  houses, 
and  will  illustrate  tic  old  and  defective  system,  as  well  as  the  im- 
proved one  now  recimmended. 

In  this  block,  ib  total  length  of  drams  hj  the  old  separate 
87stem  is  2,956  fe^,  hj  the  improved  system  of  back  dramage 
1,300  feet ;  while  tk  cost  is  considerably  less  by  the  latter  than 
by  the  fi>n](ier  arran|ement. 

The  sizes  of  hons*  drains  will,  of  course,  become  the  subject  of 
ealculation,  in  the  sane  manner  as  the  larger  drains.  Three  inch 
pipes  are  recommenced  to  be  ihe  minimum,  and  six  inches  will 
be  found  sufficiently  large  for  the  maximum. 

Besides  the  adTaniages  of  diminished  friction,  economy  in  con- 
struction and  improvement  in  form,  obtained  by  the  use  of  pipes 
for  house  drains,  a  pisitiTe  gain  in  &11  is  obtained,  without  alters 
ing  the  rdative  posifton  of  the  drain.  The  hdght  of  a  nine  inch 
barrel  drain  wiih  a  ^  inch  rim  is  13^  inches  above  the  level  of  the 
outfall,  while  the  heght  of  a  4  inch  pipe  is  but  about  5  inches. 
So  that,  if  a  drain  fl)  feet  long  would  require,  if  constructed  in 
brickwork  to  be  laidlevel,  the  pipe  might  have  a  fall  of  more  than 
8  inches,  equal  to  an  inclination  of  1  in  90,  and  this  gain  would  be 
considerably  more  inportant  and  apparent,  if  the  length  of  drain 
were  shorter,  such,  f»r  instance,  as  the  case  of  a  drain  in  a  court 
yard  10  feet  long,  towhich  the  gain  of  8  inches  in  ike  fall  would 
impart  an  indinalionof  1  in  15,  and  a  capacity  to  discharge  245 
gallons  of  water  per  ninute,  while  the  old  bridi  drain  would  not 
discharge  30  gallons  ii  the  mme  time. 

1  will  now  add  a  fev  words  relative  to  the  new  theory  of  back 
drainage,  in  addition  b  what  has  been  previously  advanced.  Be- 
sides diminishing  the  ength  of  the  drains  in  the  aggregate,  and 
so  increasing  the  velocty  and  reducing  the  expense,  great  improve- 
ment is  effected  in  eachseparate  drain.  Water  is  chiefly  used  in  and 
about  the  back  offices  of  houses ;  closets  are  generally  situated 
there,  and  thence  the  iischarge  of  waste  water  will  prindpally  be. 
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I  bave  already  noticed  the  common  practice  of  placiiig  aewets 
for  the  reception  of  house  draina,  eo  as  to  compel  the  necessity  of 
passing  the  drain  across  the  court  yard^  undemeatii  the  basem^t 
rooms  of  the  honse^  under  the  foot  paving  and  into  the  middle  of 
the  carriage  way ;  while  by  the  new  system,  the  drain  is  not  re- 
quired to  be  nearly  so  long,  and  hence  the  rate  of  inclination  is 
considerably  greater. 

Figs.  189  Mid  191  are  plans,  and  figs.  188  and  190  are  sections 
of  a  bouse,  which  will  iUiutrate  tiiis  more  ftilly.  The  plan,  I^g. 
191,  shows  the  old  eystm:  G  is  the  sewer  in  the  centre  of  the 
street :  A  is  the  closet  in  the  yard  and  B  in  the  house.  The  plan 
from  A  and  B  to  C  displays  the  proportion  of  noxious  evi^ratiiig 
surface  formed  by  the  house  drains. 

The  lines  from  A  and  B  to  C,  in  the  section,  fig.  190,  show 
the  proportion  of  the  capacity  of  the  drains  and  m  much  of 
the  sewer  are  unoccupied  by  deposit,  to  act  as  reservoirs  of 
foul  gases. 

The  plan,  fig.  189,  is  illusUative  of  the  improved  system.  The 
diminished  extent  of  evaporating  surface  obtained  by  the  pipes, 
supposing  them  to  be  proportionately  occupied  by  ordure,  will  be 
apparent,  but  when  the  pipes  are  properly  laid,  they  will  keep  them< 
selves  perfectly  clear  of  all  deposit. 

The  section,  fig.  188,  of  these  improved  dnima  exhibits  a  rapid 
fell,  in  place  of  the  slight  inclination  under  the  old  system. 

One  other  great  desideiatnm  of  improvement  possessed  by  tiie 
new  system  over  the  old,  must  not  be  omitted  a  notice.  When  a 
stoppage  takes  place  in  one  of  the  old  description  of  dndns,  it  fre* 
qnentiy  can  only  be  rectified  by  taking  up,  first  the  carriage  way, 
next  the  foot  paving,  then  the  flooring  of  the  front  and  back  room, 
and,  finally,  perhaps  the  paving  of  the  yard.  Under  the  new  sys* 
tern,  this  latter  operation  is  all  that  can  possibly  be  required. 

The  rats,  too,  had  the  means  of  conducting  tiie  noxious  effluvia 
from  the  old  defective  brick  drains  into  the  house ;  but  the  glazed 
stone  ware  pipes  prevent  them  the  exercise  of  this  mischievous 
pastime. 

Before  I  take  leave  of  this  part  of  my  sulject,  I  must  state,  that 
all  the  improvements  I  have  suggested  and  explained  will  be  en- 
tirely futile,  unless  works  are  skilfully  and  properly  executed; 
and  I  am  firmly  of  opinion,  that  so  lar  &om  the  professional 
man*sfee  being  thrown  away  for  advice  in  matters  of  ibis  nature,  it 
will  very  frequentiy  save  double  its  amount  in  present  outlay^  besides 
rendering  the  expenditure  serviceable  to  the  purposes  for  which  it 
is  intended.  I  never  yet  knew  a  case  of  failure  of  pipe  drainage 
2f 


458 


HYDEAUUCS. 


that  did  not  result  from  some  aooountablB  oause  that  ehould  have 
been  a^dded  at  the  oommencement ;  and  so  lapid  h  the  flow  of  the 
sewage  in  fiome  of  the  well-coDstnicted  pipe  dndns^  at  good  inr 
eUnations,  that  pieoes  of  paper  in  a  perfect  state  have  been  obeerved 
to  paae  the  outlet  of  the  sewrr. 

A  word  on  the  snhject  of  jonotions  for  house  drains  will  but  oc- 
cupy an  appropriate  place  in  a  piqper  of  this  kind.  The  general 
custom  with  engineers  and  surreyors  was  to  maJEe  the  junctions  of 
house  drains  at  right  angles.  Experiments  have  proved  that  while 
a  given  quantity  of  water  nutning  direct  in  a  drain  was  discharged 
in  90  seconds^  it  required  140  seconds  to  discharge  the  same 
amount  of  water  from  a  drain  of  equal  size  and  fall  which  turned 
at  a  right  angle,  but  100  seconds  only  wa8  required  with  a  drain 
laid  in  a  true  curve.  A  house  drain  at  right  angles,  whether  hori- 
zontal or  vertical,  is  vicious  in  principle ;  the  sewage  will  never  flow 
so  freely  as  in  one  properly  constructed,  and  accumulations  will 
constantly  take  place.  The  right-angled  junction  for  horizontal 
drains  is  pretty  geutrally  abandoned  at  the  present  time>  but  it 
is  stUl  erroneously  continued  by  some  for  vertical  drops. 

Exactness  ot  workmanship,  both  in  the  make  of  the  pipes,  and 
in  the  method  of  laying  them  is  equally  as  essential  as  the  skilful 
arrangement  of  the  drains  throughout  the  house  ;  for,  from  what 
has  been  said,  it  must  be  evident,  that  in  a  proper  system  of  drain- 
age, water  is  not  rcqiiiied  to  clear  away  accumulatioiis^  but  tu  pre- 
vent their  ever  forming. 

Cases  will  fre<iuently  occur  in  which  a  junction  of  a  four>inch 
branch  with  a  four-indi  main  will  require  no  additional  capacity 
in  the  main  to  receive  the  sewage  of  the  branch,  the  additional 
hydrauHc  pressure  counteracting  the  effect  of  the  additional  quan- 
tity ;  and  ^e  same  may  be  said  of  other  sized  branches  and  mains; 
but  in  all  cases  when  such  is  not  the  fact,  the  nudn  should  he  in- 
creased by  a  tapering  pipe. 

When  drains  are  left  to  the  management  of  bricikUyers  without 
profesoonal  supervision,  it  is  not  at  all  an  uncommon  circumstance, 
indeed,  I  dare  say,  I  may  call  it  a  **  common  one,''  to  increase  or 
<liTmmali  the  sizo  of  a  drain  by  pushing' the  end  of  the  smaller  pipe 
into  the  larger  one.  I  have  also  seen  a  man  very  busily  engaged 
cutting  a  hole  in  a  pipe  into  which  to  insert  another,  and  thus  Ibrm 
a  rude  junction  ;  the  result  of  these  practices  is  a  speedy  failure  of 
the  drain,  a  wholesale  condemnation  of  the  system,  and  an  increased 
additional  expenditure  on  some  more  favoured  but  ht  less  scientific 
substitute. 

In  passing  in  review  the  works  of  house  drainage,  as  recom- 
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mended  under  the  new  system  of  back  drains,  we  find  that  we 
must  provide  to  every  closet,  sink,  court  yord  stone,  and  roof  or 
stack  pipe>  a  3  or  4  inch  drain,  communicaLing  by  proper  curvi- 
linear junctions  with  the  main  sewerd^  and  theae  must  be  properly 
trapped. 

With  reference  to  the  mode  of  trapping  house  drains  and  of  pre- 
venting the  egress  of  foul  gases  into  habitations,  the  best  form^ 
because  the  most  economical,  simple,  and  least  liable  to  derange* 
ment,  is  the  common  syphon  trap,  which  being  made  of  tihe  same 
material,  and  of  the  same  guage  and  length  as  the  drain  fnpes,  is 
readily  adapted  to  its  purpose,  and  maybe  inserted  at  any  interval 
or  in  any  position  along  the  drain.  It  is  a  very  popular  enor,  that 
the  new  system  of  drainage  requires  better  traps  than  the  old. 
Nothing  is  more  common  tiban  for  an  engineer  to  be  told — Ah  \ 
now  that  we  haye  theae  new  drains,  we  must  take  care  that  they 
are  well  trapped,  or  we  shall  be  in  a  fine  state.**  Why  the  best 
protection  we  can  have  against  inconvenience  of  tiiis  nature  is,  the 
removal  of  all  masses  of  deccmiposing  matter  from  beneath  or  near 
habitations  before  decomposition  can  have  advanced,  and  before 
any  part  of  it  can  get  into  those  ultimate  stages  of  decay  which  in 
the  present,  or  perhi^  I  ought  to  say,  old  methods  of  town  drain- 
age, it  usually  reaches  before  removal  It  has  been  found  by  an 
experience  of  three  years,  that  house  sewage,  drained  through  im- 
permeable pipes  into  a  water-tight  tank,  may  be  stored  even  fox 
four  or  five  days  without  becoming  offensive. 

It  should  he  borne  in  mind  that  such  sewage,  so  stored  in  an  im- 
permeable receiver,  differs  very  strangely  indeed  in  its  degree  of 
fluidity  and  other  quaUties  from  the  noxious  contents  of  an  ordinary 
cesspool,  from  which  the  more  fluid  portions  are  constantly  oozing. 

I  might,  perhaps,  advance  a  few  observations  on  the  cdnstruc- 
tiou  of  the  chief  apparatus  for  the  decent  and  efficient  sanitary  ar- 
rangemeat  of  every  house— I  mean  the  water-closet.  It  is  a  room 
to  which  hut  very  slight  attentiuu  is  paid  by  too  many  of  our  popu- 
lation, with  the  machinery  of  which  too  many  are  wholly  unac- 
quainted, and  of  the  importance  of  attention  to  the  perfcctuess  of  all 
its  parts,  more  especially  the  apparatus  for  preventing  the  effluvia 
from  returning  into  the  house,  so  few  are  sufficiently  alive.  But 
my  chapter  has  already  extended  far  beyond  the  limits  within 
which  I  originally  intended  to  confine  it.  I  wiD,  therefore,  simply 
suggest,  that  the  chief  points  to  be  sought  in  the  cousti  uction  of 
the  apparatus  appear  to  be: — 

1.  A  sufficient  spread  of  the  water  to  effect  a  complete  scour  for 
the  removal  of  the  soil ; 
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2.  Eoonomy  of  water  to  eflfect  the  sooor  and  replenish  the  trap ; 

3.  ThebesttraptopieyentthebgreBBof  the  effluTia  from  the 

general  system  of  diainage^  with  which  the  apparatus  must  be  in 
connection,  and  also  to  prevent  the  return  of  any  efflum  from  the 
soil  of  the  doset  itself; 

4.  Freedom  from  stoppages ; 

5.  Non-Katnlity  to  derangement; 

6.  Facility  for  repair;  and 

7.  Economy  in  price. 

The  efieotoal  removal  of  rain  and  storm  water  from  the  surface 
of  the  public  highways,  will  require  a  grating  at  properly 
regulated  intervals,  on  either  side  of  the  street^  according  to 
the  nature  of  the  road  and  the  rate  of  indinalion.  These  grat- 
ings must  be  made  to  conmiunicate  with  the  main  sewer  througli  a 
properly  constructed  trap  and  pipe  drain.  If  the  road  be  a  Mac 
Adamized  one,  some  contrivance  will  be  necessary  to  intercept  the 
detritus  that  will  pass  the  gratjng  from  entering  the  sewer,  to 
which  it  is  very  injurious  by  reason  of  the  short  time  in  which  it 
concretes,  and  forms  an  impedunent  to  the  flow  oi'  the  sewage. 
Fig.  192  is  the  plan,  and  fig.  193  the  section,  of  a  trap  and  cesspit, 
whidi  has  been  advantageously  used  in  many  cases,  and  of  which 
fevourable  reports  have  been  made.  Fig.  194  is  a  plan,  and  fig. 
195  a  section,  of  an  extension  of  the  same  principle  by  means  of  a 
double  cesspit ;  but  in  either  case,  periodical  cleans^ing-  with  water 
is  required.  The  surveyor  to  the  Preston  Local  I')  >ard  of  Health 
has  adopted  an  extra  grating  placed  within  the  ces;*pool  in  a  vertical 
position  over  the  mouth  of  the  shoot,  the  advantage  of  which  is, 
that  the  street  grating  may  be  made  of  such  a  width  as  not  to  be 
liable  to  become  choked. 

A  perforated  plate  would  be  preferable  to  long  bars,  through 
which  substances  of  considerable  length  although  narrow  can  easily 
pa&s. 

The  oianufacture  of  earthenware  pipes  for  drainage  purposes 
dates  only  dnce  the  year  1842,  when  the  sanitary  enquiry  gave 
rise  to  thdx  adoption,  and  ance  that  time  the  demand  has  been  so 
great,  that  manufacturers  have  given  very  little  attention  to  im- 
provements which,  under  a  less  extensive  demand,  and  with  greater 
competition,  must  have  been  inevitable. 

As  much  as  35  per  cent,  upon  the  prices  advertized  was  ofiered 
to  me  by  a  manufacturer  if  I  could  procure  him  the  order  for  about 
£1000  worth  of  pipes  required  in  the  drainage  of  a  provincial  town 
to  which  I  was  acting  as  engineer.  Such  an  olfer  is  quite  sufficient 
to  convey  an  idea  of  the  hurge  profits  which  have  arisen  in  the 
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trade;  and  I  only  notice  it  liere>  to  justify  any  person  purchasing 
drain  pipes,  in  insisting  upon  perfect  symmetry  and  workmanship 
in  die  articles  that  are  supplied  him. 

The  first  joint  that  was  suggested  to  these  stoneware  drain  pipes 
wa6>  the  hat  Joint,"  which  nmplj  consisted  in  pushing  one  pipe 
against  another^  and  joining  them  as  well  as  might  be  practicable. 
This  was  soon  improved  by  the  introduction  of  the  toeket  Jomtt 
The  objection  to  these  pipes  principally  consists  in  the  difficulty  of 
opening  the  drain  in  case  of  necessity^  as  it  will  be  evident  that  if 
the  flanges  or  sockets  are  suffidendy  long^  a  pipe  must  be  broken 
to  accomplish  an  entrance  to  the  drain.  To  obviate  this^  pipes 
with  half  sockets  have  been  used^  the  socket  extending  only  on  the 
under  side  of  the  pipe ;  and  it  has  been  suggested^  that  one  moiety 
of  the  pipes  to  be  used  should  have  one  of  these  half  sockets  on 
either  end^  while  the  other  moiety  should  be  without  sockets,  so 
that  every  alternate  pipe>  as  it  were,  drops  into  its  place  upon  the 
half  sockets  of  the  pipes  before  and  after  it^  and  could  of  course  be 
removed  with  equal  ^EMulity. 

Another  suggestion  gave  rise  to  the  adoption  of  a  pipe  to  be  laid 
at  intervals  along  the  drain,  the  upper  half  of  which  could  be 
removed,  and  thus  afford  the  means  of  more  readily  ascertaining 
the  point  at  which  a  drain  might  have  become  choked,  or  for  the 
insertion  of  a  jimc  tion.  This  pipe,  hi  nv ever,  wiU  not  efficiently 
answer  the  pur|M)>(  ot  such  pipes,  it  cannot  be  impermeable,  and 
con-*  ([uently  should  not  be  used. 

An  objection  to  any  socket  at  all  on  the  pipes  arises  from  the 
fact  of  its  interfering  with  the  proper  laying  of  the  pipe,  wliich 
generally  acquires  a  bearing  upon  the  flange  without  being  bedded 
in  the  centre,  and  consequently  its  liability  to  be  broken  is  much 
increased.  As  an  improvement  upon  this,  the  r.ibl  )l  ted  cone  junc- 
tion pipcB  have  been  introduced.  Tht;  drainage  of  Croydon  has 
been  (1  believe)  entirely  carried  out  by  pipes  of  this  make. 

Upon  the  question  of  laying  the  drain  pipes,  making  the  exca- 
vationsj  joints,  junctions,  traps,  and  such  Hkc,  I  omit  a  description 
here,  as  full  particulars  will  be  found  contained  in  one  or  other  of 
the  spedfications  appended  to  this  chapter. 

Wateb  Supplt. 

We  next  conic  to  the  question  of  Water  Suppl) ,  and  unlike  the 
drainage  question,  in  which  our  first  concern  was  to  look  out  for  a 
place  <^  deposit,  we  now  have  to  do  exactly  the  reverse,  and  to  find 
the  purest  and  best  sottrce  hum  whence  we  may  obtain  a  supply. 

According  to  the  bluest  authorities,  the  qualities  for  the  water 
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supply  of  8  town  population  range  themselves  ia  the  fbllowuig 
order: — 

1.  Freedom  from  all  animal  and  yegetable  matter  eepedallj 

matter  in  a  state  of  deoompodtion. 

2.  Pure  aeration. 

3.  Softness. 

4.  Freedom  from  earthy  or  mineral,  or  other  foreign  matters. 

5.  Coolness  in  delivery^  at  a  medium  temperature^  neither 

warm  in  summer^  nor  ezcea^yely  eold  in  winter. 

6.  Limpidity  or  clearness. 

If  the  slightest  taste  or  smell  is  perceptible  in  water,  some 
foreign  matter  is  present  which  should  be  ezpeUed  If  poasdble,  the 
smeU  either  denoting  organic  matter  in  a  state  of  decompoation, 
or  some  insalubrious  mineral  property.  If  water  is  tingdi  with 
colour^  it  is  caused  by  earthy  or  vegetable  matters  which  require 
to  be  removed  by  filtration. 

In  seeking  a  supply  of  water  for  all  the  uses  of  a  town  popu- 
lation, it  is  doubtless  desirable,  if  posdble,  to  avoid  the  adoption  of 
a  river  source  in  which  the  water  may  possess  many  degrees  of 
hardness ;  but  if  the  natural  physical  features  and  the  geological 
stratum  of  the  surrounding  country,  do  not  present  that  fiuality 
for  obtaining  a  supply  of  soit  water  from  gathering  grounds,  it 
certainly  becomes  a  question  of  expediency  whether  the  waters  of 
the  river  source  cannot  be  so  far  purified  from  nnlmnl  and 
vegetable  matter  as  to  render  them  eligible  for  the  porpoaes 
required. 

Those  towns  that  are  without  the  presence  of  a  nciglibouring 
river  are  generally  well  situated  for  obtaining  an  abun  laul  supply 
from  gathering  grounds  and  storage  reservoirs,  "Water  obtained 
IVom  such  a  source  will  undoubtedly  be  more  or  less  superior  in 
(juaiity  according  to  the  soil  aud  subsoil  of  the  lands  upon  which 
it  is  collected.  The  less  the  interval  during  which  rain  water 
remains  upon  the  burfaoe,  the  smaller  must  necessarily  be  the  im- 
purities it  will  take  up  during  that  time.  And  again,  the  smaller 
the  surface  over  which  it  is  driven  before  it  can  percolate  into  the 
land^  the  smalls  will  be  the  amount  of  organic  matter  with  which 
it  will  become  impregnated. 

If  the  town  to  be  supplied  has  in  its  vicinity  a  sufficient  area  of 
hill  lands  at  an  elevation  to  enable  the  collection  of  the  required 
quantity  of  water,  and  its  storage  in  a  res^voir  ntuated  above 
the  level  of  the  top  floors  of  the  highest  houses  in  the  town,  that 
is  of  all  others  the  most  deeuable  site  for  gathering  ground  be- 
cause all  lifting  of  the  water  by  pumping  will  be  entirely  obviated^ 
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and  every  house,  indeed  every  room  ia  the  tow]i>may  be  supplied 
by  the  natural  power  of  gra\'itatinTi. 

The  method  of  catching  the  rain  lall  of  an  elevated  area  must 
be  varied  according  to  circumstances.  For  manufacturing  pur- 
poses in  the  North  of  England  the  practice  has  been  to  cut  a  cer- 
tain number  of  catch  water  ditches  around  the  apex  of  the  hill, 
in  the  form  of  contour  lines,  varied  of  course  according  to  the 
extent  of  the  gathering  ground  and  other  physical  features ;  and 
below  these  catch  water  contrivances,  to  cx)nstruct  a  reservoir, 
regard  being  had  to  the  relative  elevation  of  the  reservoir  Mid  the 
place  at  which  the  water  is  required  ibr  use. 

Large  pasture  lands  on  a  sliarp  sandy  or  gravelly  porous  8oil 
incumbent  in  a  clay  subsoil,  offer  the  most  geological  advantages 
for  gathering  grounds ;  and  the  modern  method  of  land  drainage 
by  permeable  pipes  is  probably  the  best  mode  of  collecting  the 
water.  The  impurities  held  in  suspendon  by  the  water  are  dis- 
turbed in  its  passage  through  the  sand,  and  the  organic  and  other 
matters  held  in  solution  are  seized  upon  by  the  growing  herbage,  so 
that  water  so  collected  will  flow  from  the  pipes  in  a  state  superior, 
generally  speaking,  to  water  from  all  other  sources.  If  no  gather^ 
ing  ground  can  be  found  of  sufficient  altitude  to  supply  flie  town 
by  natural  gravitation,  the  water  must  be  lifted  to  a  reservcnr  on  a 
site  that  is  high  enough  for  that  purpose.  It  will  be  found  far 
more  convenient  to  lift  the  water  previous  to  storage  than  after- 
wards, because  if  the  water  is  supplied  to  the  inhabitants  by  gra- 
vitation, the  pipes  will  always  keep  themselves  full  and  a  constant 
service  may  result.  The  pumps  will  then  only  he  reqiured  to 
work  as  water  from  the  collecting  pipes  requires  to  be  lifted  to  the 
reservdr.  Water  from  deep  weUs  may  be  sometimes  found  free 
from  animal,  vegetable,  and  mineral  impurities,  and  in  such  cases 
it  only  becomes  a  question  of  pecuniary  expediency  as  to  its  use. 

In  estimating  the  quantity  of  water  that  may  be  collected  by 
means  of  gathering  grounds,  the  first  information  must  be,  the 
average  nun  fall  of  the  district,  and  in  estimating  the  proportion 
of  that  fall  which  may  he  reasonably  e:xpccted  to  be  collected  and 
stored,  considerable  attention  must  be  given  to  the  absorptive  pro- 
perties of  the  s\irface  soil,  and  also  to  the  nature  of  the  subsoiL 
The  first  should  allow  the  water  to  soak  into  the  land  as  fast  as  it 
falls,  and  the  latter,  if  impervious,  will  allow  little  to  pass  the  pipes 
and  be  lost. 

If  water  can  be  collected  by  means  of  land  drainage,  such  as 
we  have  hinted  at  above,  and  from  a  bed  of  vegetation,  such  as 
future  grasses,  on  sandy  or  gravelly  soUs,  it  will  require  no  titration 
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if  properly  stored  in  a  veil  oonetnicted  reservoir^  a  better  filter 
tbaii  this  nataral  one  being  beyond  the  power  of  science  to 

suggest. 

It  will  take  aboat  an  inch  and  a  half  of  rain-fall  on  an  acre  to  sap- 
ply  a  house  with  the  quantity  of  water  we  have  herdn  assumed 
to  be  the  proper  supply^  yis.,  100  gallons  per  daj,  (always  bearing 
in  mind  we  are  speaking  of  an  average ;  a  house  with  six  inhabi- 
tants having  120  gaDons,  while  one  wHh  four  inhabitants  has  hut 
80  gallons),  so  that  if  we  can  save  nine  inches  of  the  annual  depth 
of  fall,  every  acre  of  gatherinir  pround  will  supplj  six  houses; 
and  for  a  town  of  6000  inhabitants,  or  fat  our  average)  1200 
houses,  200  acres  of  gathering  ground  will  be  sufficient. 

In  computing  the  expense  of  this  mode  of  collection,  much  will 
again  depend  upon  circumstances,  the  price  of  pipes,  and  skilled 
labour  in  the  neighbourhood,  but  £6  per  acre  may  be  pretty 
esalely  lukuii  as  the  maAimum,  against  wliich  a  considerable  set-off 
may  be  generally  calculated  on  from  the  owner  of  the  soil,  whose 
land  would  be  benefited  by  the  execution  of  the  works.  But  if 
we  take  the  full  cost  as  a  first  outlay  it  amounts  to  £1200^  or  £1  per 
house  on  the  houses  benefited^  which  may  be  said  to  be  placed  in 
the  same  podtion  as  they  would  be  by  the  sinking  of  a  well  on 
every  premises^  with  this  advantagCi  that  the  water  in  the  former 
case  is  ample  in  quantity  and  pure  in  quality  i  while  in  the  latter 
it  is  often  scarce,  or  else  so  hard  as  to  be  unfit  for  many  domestic 
purposes,  and  so  contaminated  with  the  percolation  of  the  neigh- 
bouring cesspools  as  to  be  injurious  to  health  and  unpleasant  to 
taste. 

It  may  be  useful  to  bear  in  mind  that  the  quantity  of  water  here 
allotted  to  each  indiridual,  is  a  yery  boun^lul  allowance.  Some 
engineers,  I  am  aware,  estimate  one  mdk  of  rain-fall  per  acre 
as  sufficient  to  supply  each  house,  the  allowance  bdng  about  62 
gallons  per  day,  or  assuming  the  average  of  five  occupants,  12 
gallons  to  each  person.  It  is  no  doubt  as  essential  to  have  quan- 
tity as  quality,  but  still,  if  instead  of  finding  that  a  town  of  1200 
houses  possesses  an  eligible  gathering  ground  of  200  acres,  we 
find  only  130  or  140  acres;  we  may  nevertheless  consider  that 
with  an  occasional  auxiliary  supply  for  those  purposes  in  which 
quality  is  not  a  consideraiion,  such  a  town  to  be  well  supplied. 

The  next  question  that  will  demand  attention,  whether  we  adopt 
the  gathering  ground  as  a  source  of  supply,  or  whether  we 
obtain  our  water  from  a  river  or  a  well,  is  the  storage  reservoir. 
In  elevation  we  have  already  said  this  should  be  sufficient  to  serve 
the  highest  houses  in  thedistrict^  in  their  upper  floors,  by  the  simple 
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power  of  grayitatioiL  In  size  it  will  be  guided  by  tbe  soarce  of 
supply ;  if  this  is  firom  a  rirer  or  a  well,  a  capacity  to  contain  enough 
for  six  days'  use  will  be  ample»  betmuse  the  pumps  may  be  worked 
at  any  time,  tbe  six  days'  being  only  provided  as  a  provision  in 
case  of  accident  5  but  if  the  supply  is  from  gathering  grounds, 
calculated  upon  a  bads  which  assumes  that  none  of  the  water 
fallinsr  thereon  shall  be  wasted,  our  reservoir  must  be  sufficient  to 
hold  the  excess  of  the  supply  above  the  demand  in  wet  seasons, 
to  provide  for  the  deficiency  of  supply  in  seasons  of  long  draiifrht. 
If  we  assume  that  a  reservoir  should  contain  a  four  months'  supply, 
we  shall  appear  to  make  ample  provision  for  this  irregularity.  If 
our  reservoir  is  within  reasonable  dimensions,  it  should  be  certainly 
covered  over,  and  the  light  should  be  exchided.  A  reservoir  in- 
tended to  contain  the  four  months'  supply  just  spoken  of  could 
hardly  be  so  treated.  In  all  cases,  the  reservoir  diould  be  con- 
structed as  deep  as  possible ;  but  ibis  is  of  less  importance  in  a 
covered  reservoir  than  in  an  open  one,  the  great  desideratum  being 
to  prevent  as  much  as  posable  the  rays  of  light  from  exercising 
any  objectionable  influence  upon  the  purity  of  the  water. 

Having  determined  the  site  of  the  reservoir  and  the  size,  we 
come  next  to  the  con^deralion  of  the  course  and  direction  of  the 
service  mains.  The  same  desiderata  should  now  occupy  attention 
as  influenced  the  laying  out  of  the  main  sewers.  Friction  should 
be  avoided  as  much  as  possible,  and  a  regular  inclination  will  in- 
sure a  more  steady  pressure  upon  Ihe  pipes.  In  calculating  the 
sizes  of  the  mains,  a  distinction  will  become  apparent  between  a 
constant  and  an  intermittent  system.  In  the  former  we  may  with 
tolerable  security  assume  that  the  whole  of  one  day's  supply  will 
not  be  required  in  a  less  space  of  time  than  foiu-  hours  ;  while  in 
the  latter,  the  cisterns  of  the  inhabitants  will  be  filled  in  a  time, 
limited  only  by  the  capacity  of  the  machinery  adopted  ior  the 
purjiose. 

A  few  words  on  the  comparative  merits  of  the  two  sources  of 
supply  may  not  be  out  of  place. 

The  expense  of  erecting  cisterns,  and  the  necessary  apparatus 
for  the  intermittent  system  in  new  houses  of  the  first  class  in  the 
fashionable  districts  of  the  metropolis,  rarely  comes  under  £100 
per  house ;  and  in  one  blodk  of  building,  the  details  of  wfaidi  have 
come  under  my  observation,  the  expense  of  cisterns,  ball-codes, 
and  extra  japes  amounted  to  £900,  of  which  £500  was  Ibr  the 
dstems  alone ;  whereas  £200,  or,  at  the  most  extravagant  estimate, 
£300  would  have  frimished  the  means  of  a  better  supply  by  the 
constant  system.   In  all  towns  that  are  supplied  with  water  under 
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the  oonstant  syBtem,  the  advantages  are  apparent  in  themunense 
saying  of  water,  and  the  general  comfort  and  deanHness  of  the 
inhabitants,  withont  reference  to  the  peeuniaij  advantage  above 
alluded  to.  Independent  of  other  advantages,  the  quality  of 
water  suffers  less  deterioration  under  the  constant  than  the  inter- 
mittent system ;  and  bejond  doubt,  the  strain  upon  the  mains  and 
submains  is  not  so  severe,  inasmuch  as  all  hydrauUc  shocks  common 
to  the  intermittent  system  have  not  to  be  remated  under  a  constant 
supply. 

It  is  in  accordance  with  common  sense,  that  water  exposed  in  a 
dstem  out  of  doors,  in  a  smoky  neighbourhood,  must  soon  become 
impregnated  with  the  impurities  that  are  floating  about  in  the  at- 
mospliero  in  every  possible  direction;  and  if  the  cistern  is  within 
doors,  the  water  soon  loses  its  freshness,  and  acquires  a  slimy  char 
racter.  Under  the  constant  system  of  supply,  if  all  the  pipes  are 
made  to  communicate,  a  free  circulation  is  kept  up  by  the  constant 
drawing  from  one  pipe  or  another,  and  as  nearly  a?  mnv  be  the 
same  quality  of  water  is  maintained  throtiirhout  the  town ;  the  water 
always  flowing  towards  the  point  of  dT:iUL';lit. 

From  what  has  been  stated,  it  is  evident  that  no  town  can  be 
said  to  have  a  proper  supply  of  water  that  does  not  give  to  every 
house  a  tap,  from  which  im  unlimited  draught  can  be  taken  at  any 
hour  of  the  day  and  night. 

That  the  estabhshracnt  of  apparatus  to  carry  out  the  constant 
supply  is  less  expensive,  and  that  the  water  so  supplied  is  better  in 
quality  than  by  any  other  method  of  distribution. 

The  basis  of  a  calculation  for  the  sizes  oi  the  muius  being  a  given 
quantity  ot  water  required  to  be  conveyed  a  certain  distance  in  a 
certain  time  with  a  known  head,  the  Hydraulic  Tables  will  speedily 
determine  the  requisite  diameters.  It  should  be  added,  that  in  all 
cases  where  practicable,  the  water  pipe  and  the  drain  pipe  should 
be  laid  in  ^e  same  trendi,  by  which  means  a  great  saving 
is  effected  in  the  excavation  and  replacement  of  the  ground  in 
laying  down  the  pipes.  But  in  every  case,  the  water  nuun  should 
be  above  the  drain,  so  that  all  chance  is  avoided  of  any  escape  from 
the  dnun  polluting  the  water  service. 

The  sub  mains  and  house  services,  stand  pipes  for  street  watering, 
fire  plugs,  stop-cooks,  and  other  minutiss  of  detail,  will  be  hud  oiat 
at  the  discretion  of  the  engineer. 

The  method  of  carrying  out  the  vrorks  on  the  ground  we  will 
endeavour  to  illustrate  in  the  specifications  annexed. 

As  much  nusconception  exists  with  reference  to  artesian  wells 
and  springs,  a  word  or  two  thereon  may  be  appropriately  advanced 


HYDaAULIGS. 


467 


under  this  branch  of  our  subject.  Some  assert  that  an  artesian  well 
ceases  to  become  so  directlj  it  ceases  to  throw  up  water^  but  such 
an  argument  is  not  tenable  for  a  minute.  An  artesian  well,  so 
Galled  from  the  province  of  Artois,  in  France*  (at  which  place  the 
practice  of  boring  used  in  the  construction  of  an  artesian  well  was 
chiefly  carried  on,)  is  nothing  more  than  an  illustration  of  the  old 
and  well  known  hydraulic  fact,  that  "  water  will  always  find  its 
leveL"  The  theor)"  uCthese  artedan  wells  is  very  simple.  Let 
the  points  A  A,  fig.  s4i  represent  the  exposed  sur&ce  of  a  porous 
strata,  perfectly  absorptive  of  water,  and  on  the  contrary,  let  the 
points  B  B  be  the  surface  of  a  strata  of  tenacious  day,  wholly  im* 
permeable ;  now  if  it  be  desired  to  create  an  artesian  well  at  the 
point  G,  we  shall  have  to  bore  through  the  impermeable  clay,  and 
while  so  1  ir  no  discharge  of  water  will  take  place ;  but  as  soon 
as  we  tap  the  porous  strata  at  D,  the  water  therein  will  rise  to  the 
sur&ce  C,  and  (if  confined  by  a  stand  pipe)  to  such  a  height  above 
C  as  shall  correspond  with  the  level  of  the  water  in  the  porous 
strata. 

Inasmuch  as  it  is  possible  to  exhaust  the  supply,  so  will  the 

working  capacity  of  this  well  depend  upon  the  extent  of  surface 
area  of  tlie  collecting  porous  strata,  as  it  must  be  evident  tbat  in  a 
dry  season  the  longer  the  well  is  worked  the  lower  must  the  alti- 
tude of  the  water  in  the  strata  become,  and  the  less  efficieTU  w  ill 
be  the  discharge,  and  if  rain  docs  not  replenish  before  the  water  ia 
the  earth  is  drawn  to  the  level  line  E,  the  well  can  no  longer  dis- 
charge water  above  the  surface,  the  hydrostatic  pressure  being  all 
removed  from  it.  But  this  by  no  means  deprives  the  well  of  its 
character  or  right  to  its  name,  since  no  sooner  is  the  water  in  the 
porous  strata  replenished  by  a  fall  of  rain  on  tbe  surface,  than  the 
well  resiiiiu  3  its  operations  with  a  vigour  proportionate  to  the  fall 
of  rain.  6ome  porous  strata  stretch  out  so  wide  and  offer  so  vast 
an  area  of  exposed  surface,  that  the  water  contained  in  them  can 
hajrdly  ever  become  exhausted. 

What  has  been  said  with  reference  to  artesian  wells,  will  also 
serve  to  explain  the  properties  of  springs,  which  are  only  so  many 
additional  examples  of  hydrostatic  pressure  acting  upon  water  con- 
tained in  porous  strata,  which  freely  finds  vent  at  the  first  place  at 
which  such  strata  becomes  exposed  to  the  sur&ce  of  the  earth  at  a 
low  level  In  Mr.  Weale's  Budimentaiy  Treatises  will  be  found 
a  little  work,  entitled,  fFeB  Digging^  Baring,  and  Pump  Work, 
by  John  Geow  Swindell,  B.LB.A.,  whidi  will  be  found  to  be  a  most 
able  though  brief  elementary  description  of  thb  question. 

Before  finally  dosing  this  subject,  I  will  obs^e,  that  the  re- 
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gnlatioiiB  of  good  drainage  can  faardlj  tolerate  the  ezietence  of  old 
cesspools^  and  poaitiTeLy  prohibits  the  oreatioii  of  new  ones  within 
the  Ticinity  of,  or  in  proximity  tOj  my  collection  of  dwellings,  of 
whatever  description,  as  well  as  an  untrapped  connection  with  any 
drain  or  sewer. 


SPEGIFIOATIONS,  &c. 

BISCH  £ND  LOCAL  BOABD  OF  SfiALTH. 

1853. 
Contraet,  No.  L 

Iron  Pipes  and  Castings. 

Specification  to  be  observed  hy  the  eoniraetor  for  making 
and  deliTcring  at  the  railway  station  at  Birch  End^ 
certain  iron  toeket  pipes  and  eastings,  required  for 

purposes  of  water  supply  by  the  Local  Board  of 
Health,  Birch  End. 
^pteto-  ju  tjjjg  specification  the  words  "  Local  Board  of  Health,** 
shall  be  understood  to  mean  the  Local  Board  of  Health, 
for  the  time  being,  duly  elected  and  acting  in  and  for,  the 
district  of  Birch  End.  The  word  [engineer  shall 
mean,  Edward  Ryde  of  14  Upper  Beli^rave  Place,  Eaton 
Square,  London,  Civil  Engineer  and  Surveyor,  or  other, 
the  duly  appointed  Lnginccr,  or  Surveyor,  to  the  said 
Local  Board  of  Health  for  the  time  being;  and  the  word 
Contractor  shall  mean  one  or  more  Contractor  or  Con- 
tractors, and  shall  include  his  or  their  heirs,  executors,  and 
administrators. 

This  contract  includes  the  manufacture  and  supply  of 
all  the  pipes,  cocks,  and  special  castings  that  are  requhred, 
to  construct  and  completely  finish  the  water  works  about 
to  be  carried  out  by  the  Local  Board  of  Health, 
or      The  iron  shall  be  remelted  in  the  cupola  or  air  furnace ; 
and  shall  be  of  the  best  description  without  admixture 
of  cinder,  or  other  matter,  to  render  it  inferior  in  qualitj. 
It  shall  be  strong,  dose  grained,  and  tough,  and  shall  be  as 
hard  as  can  be  conveniently  drilled  and  dipped. 
gtfnt«r      All  the  pipes  shall  he  cast  yertically  in  dry  sand,  and 
shall  be  of  the  Wnd,  or  description,  usually  denominated 
.  **  socket  pipes :"  they  shall  be  of  the  forms,  thicknesses  and 
dimensions  ahown  in  the  drawings,  and  in  case  of  any 
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discrepancj  between  the  eoaHng  and  figured  dimenfliona, 
the  ktter  are  m  all  cases  to  he  observed. 
BpMmiui  The  pipes  are  to  be  cast  perfectly  80und>  &ee  from  cold 
fteefrom  shuts,  hoiiej  coiuh  holes>  or  other  defects,  and  shall  he 
truly  cylinMcal  in  the  bore,  straight  in  the  axis,  and 
internally  of  the  faSL  specified  diameter.  They  shall  he 
thorotigiily  cleaned^  mtemaUy  and  externally,  and  great 
care  shall  be  taken  in  catting  off  the  runners  to  preserve 
a  square  angle  on  the  inner  edge  of  the  socket  against 
which  the  lead  joint  is  made.  At  the  junction  of  the 
branch  pipes  the  inside  diameter  of  the  outlet  pipe  is  to  be 
made  half  an  inch  laiger  than  the  other  pordons;  and  the 
thickness  of  the  sockets  shall  be  in  all  case  s  a  quarter  of 
an  inch  more  than  the  body  of  the  pipe.  To  insure  that 
in  all  cases  the  beads  will  enter  the  sockets,  a  circular  iron 
template  shall  be  passed  to  the  bottom  of  every  socket,  and 
a  drcukr  iron  ring  shall  be  passed  over  every  bead.  The 
socket  shall  not  be  larger  than  is  absolutely  required,  and 
.  stated  in  the  drawings,  otherwise  the  expense  of  jointing 
will  be  unnecessarily  augmented. 
pifMtiikU  The  pipes  are  to  be  each  proved  before  leaving  the 
iM proved,  f^yjj^jj^  under  a  pressure  equal  to  a  colurim  of  water  600 
feet  in  height,  and  such  pressure  shall  be  ni;iintained  for  at 
least  three  minutes,  whilst  the  pipe  is  being  sufTiciently 
and  repeatedly  struck  in  every  part  with  a  hammer  of 
weight  suitable  to  the  size  of  the  pipe. 
EMgfneei'  The  eiigincrr  is  to  be  at  liberty  to  attend  at  the  foundry 
S"4e*]pSl.  during  the  ca:^tirig  of  the  pipes  or  any  of  the  special  cast- 
iiigs  referred  to  in  this  specification,  or  he  may  depute  a 
competent  person  to  attend  on  his  behalf,  for  the  purpose 
of  ascertaining  that  hi«  instructions  and  the  pruvibious  of 
this  specification  are  complied  with ;  and  the  contractor 
shall  at  all  times  afford  him  every  facility  he  may  require, 
and  pay  immediate  attention  to  any  directions  he  may 
give. 

Laagoi  of  The  two-inoh  pipes  shall  be  cast  in  lengths  of  ax  feet ; 
the  larger  sizes  in  lengths  of  nine  feet;  exclusive  of  the 
socket  in  mther  case,  and  shall  be  of  the  wd^ts  contained 
in  the  schedule  hereto  annexed. 

gunntitieo  of  Thc  probablo  quantities  of  the  various  pipes  and  castings 
^  required  are  set  forth  in  the  schedule  hereto  annexed;  but  it 
is  to  be  distinctly  understood  that  the  engineer  shall  have 
the  power  at  any  time  to  make  alterations  in,  additions 
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The  whole  of  the  pipes  and  pieces,  as  soon  as  they  are 
s.  cast  and  cleaned,  and  before  any  rust  shall  have  been 


to,  or  deductions  from,  any  part  of  this  contract,  which 
alteration?  in,  additions  to,  or  deductions  from,  shidl  not 
annul  the  contract,  hut  an  equivalent  shall  be  given  or 
taken  as  the  case  shall  require. 

-  .  M 
beMalad 
«ftltDr. 
flnUh'a  pie- 

V"*^'  produced  upon  them,  are  to  be  submitted  to  Dr.  Angus 
Smith's  patent  process,  in  such  a  manner  as  to  receive, 
whUe  at  the  proper  temperature,  a  complete  and  thorough 
coating  of  the  preparation  over  the  whole  of  the  internal 
and  external  surface, 
re^ponsfbie  ShouM  tfac  iTon  be  of  inferior  quality,  or  the  ppes  too 
^i^omT  ^7  other  defect  appear  in  any  of  them 

inyipM.     after  they  have  been  deUyered,  the  contractor  h  to  be 
responsible  for  that  defect,  and  is  to  replace  the  defective 
pipes  with  good  ones  to  the  satisfaction  of  the  engineer, 
pi^r*^^  P^P^       pieces  are  to  be  delivered  by  the  con- 

tractor, at  the  railway  station.  Birch  End,  in  such 
quantities  and  at  such  times,  as  the  engineer  may  from 
time  to  time  direct,  the  whole  quantity  to  be  sent  in  on 
or  before  the  31st  December  next. 
CjBjtrjjte  Xn  the  event  of  the  failure  of  any  of  the  pipes  witlun 
Jj^^  twelve  months  of  theh*  delivery,  and  the  failure  should 
arise  from  any  defect  in  their  construction,  of  which  the 
eng^eer  shall  be  sole  judge,  the  contractor  shall  be  held 
responsible  for  the  damage,  and  shall  on  demand,  refund 
to  the  Local  Board  of  Health,  any  expense  to  which  they 
may  have  been  subjected  by  reason  of  such  fiulure. 

The  cocks  required  are  of  the  description  commonly 
called,  "double  faced  screw  cocks."  The  shell  of  each 
coclc  is  to  be  cast  in  one  piece,  and  to  be  a  sound  clean 
casting,  made  from  the  best  description  of  iron,  and  fitted 
up  with  bored  and  turned  stuffing  boxes,  faced  joints,  and 
all  the  necessary  bolts  and  nuts  for  the  same.  The  spin- 
dles are  to  be  of  gun  metal,  with  square  thread,  and 
each  to  be  provided  with  a  wrought  iron  box  key  head, 
cottered  la.  The  valves  of  the  cocks  from  two  inches,  to 
four  inches  in  diameter,  are  to  be  of  gun  metal ;  above 
that  diameter  iron  castings  will  be  allowed,  but  with  gun 
metal  facings.  Eadi  cock  must  be  perfectly  tight,  and  of 
the  best  workmanship, 
ffir.^e"'  AH  the  powers  conferred  upon  the  engmeer  witii 
^Sl^  reference  to  tiie  pipes,  in  this  specification,  and  all  the  re- 
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iMN^]^i»i.  sponsibUity  of  the  oonfaraetor  shall  eq^uaUy  relate  to  the 
owktu  cocks  and  other  special  cafitiiigSj  so  long  as  the  same  is  not 
repugnant  to,  or  inconsistent  with,  any  acknowledged 
en^^eering  practice. 
apedid  ^  All  branches,  bends,  taper  pipes,  fire  ping  pipes,  and 
b^Xtt  special  castinirs  of  every  description  shall  be  made  and 
ttoi^  '  delivered  as  soon  as  possible  after  the  receipt  of  the  orders 

hj  the  contractor. 
soNttM.  The  contractor  shall,  if  so  required,  find  two  good  and 
sufficient  sureties,  in  a  penal  sum  as  nearly  as  may  be 
equal  to  one  quarter  of  the  amount  of  the  accepted  tender, 
for  the  due  performance  of  his  contract, 
p^maat.  And  the  said  contractor  shall  be  entitled  to  payment 
for  his  work,  in  nuumer  following,  that  is  to  say,  50  per 
cent,  of  the  value  of  pipes  and  castings  from  time  to  time 
made  and  delivered,  within  one  month  of  such  delivery ; 
forty  per  cent  of  the  value  of  the  whole  of  the  pipes  and 
castings  deBvered,  within  two  months  of  the  final  comple- 
tion and  delivery  of  the  whole  contract;  and  the  remaining 
10  per  cent,  at  the  expiration  of  six  months  from  the  final 
delivery  of  the  pipes,  provided  the  said  pipes  have  proved 
sormd,  or  the  balance  of  such  10  per  cent.,  if  any,  as  may 
remain  due  to  the  Contractor,  after  deducting  any  cost3 
and  expenses  the  Local  Board  may  have  been  obliged  to 
incur,  by  reason  of  any  uiiMnindneas,  or  failure  of  the 
pipes.  Always  premising  thai  the  certificate  of  the  En- 
gineer will  be  required,  in  all  cases,  b^ore  any  payment 
will  be  made  by  the  Local  Board. 


Schedule  hereinhrforr  rrfrrrcd  tn. 


laside 
Diameter  of 
Pipeinlitchtt. 

Length  of 
each  Pipe 
in  Feet. 

Pipe. 

Probable  number 
of  eadi  kind 
required. 

Cwt. 

QtB.  IbB. 

2 

6 

0 

1 

20 

3 

9 

0 

3 

20 

9 

1 

1 

7 

5 

9 

1 

3 

0 

6 

9 

2 

1 

a 

7 

9 

2 

8 

0 

8 

9 

3 

1 

20 

9 

9 

4 

0 

0 

10 

9 

4 

2 

15 

11 

9 

5 

0 

12 

12 

9 

6 

1 

14 
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Coatraeii  No*  L 

TiNDBB  FOB  PlF£8  AXD  CASTINGS. 

We  the  undersigned  Contractors  will  undertake  to  make 
and  deliver,  according  to  the  specification  annexed,  tlie 
several  probable  quantities  of  pipes  and  special  caatiiiga 
therein  referred  to  at  the  prices  stated  below. 

«.  d* 

Straight  pipes  not  exceeding  2  inches  in  diameter^  at 

Curved  pipes  

Taper  pieces  

Brancli  pieces  

Straight  pipea^  exceeding  2  and  not  exceeding  4  \ 

inches  in  diameter  / 

Curved  pipes 

Taper  pieces  

Blanch  pieces  

Straight  pipe0»  exceeding  4  and  not  exceeding  6 1 
r-r--  o  i^^^jgia^jianjeter/ 

Gurred  pipes  

Taper  pieces  

Bianchpipes    .  .   

Straight  pipes  exceeding  6  and  not  exceeding  9  ) 

inches  in  diameter  J 

Curved  pipes  '  

Taper  pieces  

Branch  pipes  

Straight  pipes  exceeding  9  and  not  exceeding  12  1 

inches  in  diameter  / 

Curved  pipes  

Taper  pieces     .    .   •  .  

Branch  pipes  • 

Cock  and  plug  castings  and  other  hollow  castings  1 
not  exceeding  3  inches  in  diameter  j 
Exceeding  3  inches  and  not  exceeding  6  mches 
Exceeding  6  inches  and  not  exceeding  9  inches 
Exceeding  9  inches  and  not  exceeding  12  inches 

And  we  inU  undertake  to  execute  an  agreement  (to  be 
pr^iared  by,  and  at  Ihe  expense  of,  the  Local  Board)  for  the 
due  and  coniplete  fiilfihnent  of  all  the  conditions  expressed, 
and  implied  in  and  hj,  the  apeciflcataon  hereto  annexed. 

Gr^tlemen^ 

Your  most  obedient  servants, 

Ck>irrBACT0B8. 
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BlfiCH  £N1>  LOCAL  BOARD  OF  HEALTH* 

1863. 
Ctmbrad,  No,  IL 

StOK£  WABE  DbaIN  f  IF£S. 

Spedfimiion  to  be  observed  by  the  Contractor  for  makisg 
and  delivering  at  the  Bailway  Station,  at  Birch 
End,  certain  glazed  stone  ware  tubular  socket  pipes, 
balf  socket  pipes,  bends,  curves^  junctionSy  traps, 
soil  pans,  &c.,  required  bj  the  local  Board  of  Health, 
Biroih  End,  for  the  pnrposes  of  drainage, 
gterpreta-         tHs  Specification,  the  worda,  "Local  Board  of  Health," 
Hball  be  understood  to  mean  the  Local  Board  of  Health 
for  the  time  being,  duly  elected  and  acting  in  and  for  the 
district  of  Birch  End.   The  word  "  Engineer,"  shall  mean 
Edward  Eyde,  of  No.  14,  Up{)er  Belgrave  Place,  Eaton 
Square,  London,  Civil  Engineer  and  Surveyor,  or  other 
the  duly  appointed  Engineer  or  Surveyor  to  the  said  Local 
Board  of  Health,  for  tlie  time  being;  and  the  word  Con- 
tractor shall  mean  one  or  more  Contractors,  and  shall 
include  his  or  their  heirs,  executors,  and  administrators. 

This  contract  includes  the  manufacture  and  supply  of 
all  the  straight  and  cmn  cd  diitiu  pipes,  curve,  bend,  taper, 
and  junction  pieces,  traps,  soil  pans,  &c.,  required  to  con- 
struct and  entirely  complete  the  drainage  of  the  town  of 
3irch  End,  as  the  same  are  particularly  delineated,  and 
described  npon  the  plans  and  drawings  deposited  in  the 
offices  of  the  Engineer,  in  London,  and  of  the  Clerk  to 
the  said  Local  Board  of  Health,  at  Burch  End,  and  aocord- 
ing  to  this  specification. 
The  ordinal}  pipes  and  pieces  shall  be  of  the  descrip- 
pijMt.  tion  usually  denominated socket  pipes,'*  sound,  well  burnt, 
glazed  stone  ware,  free  from  cracks,  flaws,  and  all  other 
imperfections,  perfectly  impermeable,  truly  cylmdrical  in 
the  bore,  straight  in  the  axis,  internally  of  their  full 
specified  diameter,  with  thdr  inner  and  outer  surfaces  as 
nearly  as  possible  concentric,  and  especial  care  must  be 
taken  that  the  sockets,  which  in  the  larger  sizes  of  pipes 
exceeding  nine  inches  internal  diameter,  shall  be  at  l€»Bt 
three  inches  in  depth,  will  receiye  the  smaller  ends  of  the 
pipes. 

The  engineer  shall  be  at  liberty  so  often,  and  for  so 
2  Q 


Quality  ami 
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power  to  ^^^y  think  fit  to  atttjiid  at  the  manufactory, 

MSff^tory  either  by  himself  or  his  duly  authorised  clerk,  for  the  pur- 
t^indpect,   pQg^  q£  inspecting  the  processes  of  the  manui»otnre,  and  of 
ascertaiiiinff  if  his  own  instructions  and  this  specification 


are  properly  attended  to ;  and  the  contractor  shall  pay  im- 
me(£ate  attention  to  any  diiections  he  may  think  proper 
to  make. 

Lc  n^h  and     All  pipes  uot  excoediiis  ax  inches  in  diameter  shall  he 
ofidptt^fte.  made  m  lengths  of  two  feet  exdasiye  of  the  socket; 
heyond  that  diameter  the  length  shall  he  three  feet.  The 
dimensions  of  the  several  pieces  of  hend  pipe«  cmrves, 
junctions,  traps,  and  soil  pans^  are  mentioned  and  desciihed 
in  the  drawings,  and  should  any  discrepancy  exist  hetween 
the  figured  or  written  dimensions  and  the  admeasurements 
hy  sofJe,  the  former  are  in  all  cases  to  he  taken  as  the 
cor  root  dimensions. 
soupmu.      Xhe  soil  pans  must  he  of  the  shape  delineated  in  the 
drawings,  and  the  spreaders  must  he  so  adjusted  as  to  keep 
the  pans  entiidy  dear  of  soil. 
"SSt^,  whole  of  the  pipes,  hends,  junctions,  curves,  traps, 

and  soil  pans,  must  he  delivered  at  the  railway  station, 
Bircli  Knd^  in  such  quantities  and  at  such  times  as  the 
engineer  may  from  time  to  time  direct;  the  whole  of  the 
contract  to  be  Eually  completed  and  delivered  on  or  before 
the  31st  December  next. 
^poMvhM     Tijg  engineer  .shall  he  fully  at  liberty  to  make  a  further 
gJ^2*5j»t^of  the  pipe©  atW  their  delivery,  either  as  to  their 
Jjj*  J**-  impermeability  or  strength  or  any  other  quality  he  may 
think  fit,  and  if  from  any  cause  wliatever  he  shall  consider 
the  pipes  or  other  contrivances  and  things  contained  in 
this  specification  are  not  in  his  judgment  of  the  best 
quality  hoth  in  material  and  workmanship,  according  to 
the  true  intent  and  meaning  of  this  specification,  he  shall 
he  at  liherty  to  reject  the  whole,  or  any  part  thereof,  and 
the  contractor  shall  immediately  remove,  at  his  own  cost 
and  chaiges,  the  pip^  or  pieces  so  rejected, 
s^piesof     Xhe  contractor  shall suhmit  with  his  tender,  samples  of 
each  description  of  ppes  and  pieces  he  intends  to  supply, 
omtaietar      The  ooutiactor  shall,  if  required^  find  two  good  and 
competent  sureties,  who  are  willing  to  hecome  hound  in  a 
penal  sum  equal  in  amount  to  one-fourth  of  the  tender, 
for  the  due  and  complete  performance  d  the  contract. 
The  quantities  of  the  several  descriptions  of  pipes  and 
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Jj»ttW««f  pieces,  so  far  as  it  is  possll.le  to  aacertaan,  arc  stated  in  the 
'^v^  •  schedule  hereto  annexed,  and  they  are  believed  to  be  close 
approximations,  but  it  is  to  be  distinctly  understood,  that 
the  engineer  shall  at  all  times  have  power  to  make  any 
alterations  in,  additions  to,  or  deductions  from,  the  quan- 
tities so  stated,  which  alterations  in,  additious  to,  or  de- 
ductions from,  shall  not  annnl  the  oontra,ot,  but  an  allow- 
ance shall  be  given  or  taken  as  the  c&se  may  ret^uire ;  for 
the  calculations  of  which  allowance  the  schedule  of  prices 
shall  be  the  basis. 
In  the  erent  of  any  donbt  arising  after  the  execution 
miMdouDta.  of  the  contract,  as  to  the  true  intent  or  meaning  of  this 
specification,  the  said  drawings  therein  referred  to,  or  the 
said  contract,  the  same  shall  be  referred  to  the  engineer, 
and  his  dedsion  shall  be  condnsive  and  binding;  any 
order  or  rule  of  court  o£  law  or  equity  to  the  contrary 
notwithstanding, 

'S^SZS.       And  the  said  contractor  shall  be  entitled  to  payment 
for  his  work,  in  manner  following,  viz.,  ue,,  60  per  cent. 

of  the  value  of  the  pipes  and  pieces  deliv^ed  fifom  time 

to  time,  .vithin  otic  month  of  such  delivery,  and  the  re- 
mainder within  two  months  of  the  final  completion  of 
the  contract;  the  certif]c;)te  of  the  engineer  to  the  effect 
that  the  a)utractor  is  entitled  to  payment,  being  required 
in  either  case,  before  any  moaej  wUl  be  paid  by  the  local 
board. 


Tender  for  impermeable  glazed  stoneware,  tubular  socket, 
sewerage,  and  drain  pipes,  boSI  pans,  &c. 

 1853. 


To  the  Birch  End  Local  Board  of  HeaUh* 

We,  the  undersigned  contractors,  hereby  offer  and  agree 
to  make  and  deliver  at  the  railway  station,  at  Birdi  End, 
impermeable  glazed  stoneware  tubular  socket  pipes,  half 
socket  pipes,  bends,  curves,  junctions,  traps,  soil  pans,  &c., 
in  accordance  with  the  terms  and  conditions  of  the  an- 
nexed specification,  and  of  the  following  schedule. 
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SCHEDULE. 


Dkaiatair 

of  oacli 

naaa. 

required* 

IjSBgtii  of 

each  Pi{Hi 
of  Sockot. 

Price  p«r  Fool. 

Straight  Pipes  'I 

(Whole  Bockete.)  j 

8 

500 

2 

650 

2 

5 

1000 

2 

6 

1150 

2 

9 

2300 

3 

12 

3S00 

3 

1261 

8 

Otirved  Pieces  \ 

and  Benda  .  .  J 

3 

12 

2 

4 

10 

2 

5 

28 

2 

6 

25 

2 

9 

40 

3 

12 

60 

3 

Id 

10 

a 

StHUght  Pipes  \ 

(H&lf  Sockets.)! 

6 

22 

2 

9 

46 

3 

12 

76 

3 

15 

3 

Taper  Pieces .  .  . 

Sto  4 

10 

2 

4„  5 

m 

5  „  6 

30 

% 

6„  9 

30 

3 

9„12 

80 

3 

12  „lo 

15 

3 

DiiUiifttOT 

Single  Junction  ^ 

of  straight 

Pieces  ....  J 

8 

5 

2 

4 

10 

2 

5 

20 

2 

20 

2 

9 

80 

3 

12 

30 

3 

15 

80 

3 

Double  Jmiction  ) 

Pieces  ....  J 

3 

5 

2 

4 

7 

2 

5 

10 

2 

6 

10 

2 

9 

10 

3 

12 

10 

3 

15 

10 

8 

1 
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Bon* 

NombGr 
required. 

Length. 

Inches. 

Fateat  Syphon  Traps  . 

2 

50 

2 

Q 

&J 

* 

OU 

OU 

o 

9 

50 

a 

Patent  Yard  Sypliona, 

4 

€0 

with  dataeliad  thnOag,  Tty 
which  mnDB  Ouj  «aii  tw 

6 

50 

60 

12 

50 

Gommon  Syphon  Pans. 

60 

60 

Hopper  Pans  and  I 

Sypihon  Traps  .  .  | 

60 

Uiilly  Sinks, 

wi^  Tnji  ibr  StfMt  Qntimi 

12 

50 

15 

60 

18 

60 

And  we  wiD  undertake  to  execute  an  agreement  (to  be 
prepared  by  and  at  the  expense  of  the  local  board)  for 
the  due  and  complete  fulfilment  of  all  the  conations  ex- 
ptressed  and  in^ed  m  and  by  the  specificalion  hereto 
annexed. 

We  are^  Gentlemen^ 

Your  obedient  servants, 

CONTBACTOBS. 


Bi&CH  £lil>  liOCAL  BOABB  OF  HBALTH. 

1863. 

Oimiraei^  No.  HI, 

PiPB  LULTllXQ. 

SpeexfieatiQJi  tu  be  observed  by  the  Contractor  for  laying  and. 
jointing  water  and  drain  pipes,  for  the  Local  Board 
of  Health,  Birch  End,  according  to  the  instructions  of 
Mr.  Edward  liyde,  the  Engineer  to  the  Local  Board. 
In  this  Specification  the  words  "  Loc^d  Board  of  Health* 
shall  bii  understood  to  mean,  the  Lucal  Board  of  Health 
duly  elected,  and  acting  in  and  ior  the  district  of  Bildl 
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End,  and  shall  include  themselves  and  their  suoceesors. 
The  word  "Engineer  "  shall  mean  Edward  Byde,of  No,  14, 
Upper  Belgrave  Place,  Eaton  Sq^uare^Ijondoii,  Civil  'Enffr 
neer  and  Surv^or,  or  other,  the  duly  appointed  Engineer 
or  Surveyor  to  the  said  Local  Board  of  Health  for  the  time 
being.  The  word  Contractor"  shall  mean  one  or  more  Con- 
tractors, and  shall  include  his  or  their  heirs,  executors,  or 
administrators. 

QM^^tf  contract  includes  the  excavating  for,  and  the  laying 

and  jointing  of,  all  the  water  and  drain  pipes  and  other 
contrivances  connected  therewith,  required  to  construct 
and  completely  finish  the  several  sewers,  drains,  water 
mains,  sub  mains,  &c.,  described  and  delineated  upon  the 
drawings  prepared  by  the  engineer;  the  taking  up  and  sub- 
sequent replacement  of  the  pavement,  roadway,  or  sur&ce 
soil,  of  whatever  description;  filling  in  and  punning  up 
the  trenches;  carting  away  the  surplus  eartli ;  carting  the 
pipes  and  pieces  from  the  railway  station  at  Birch  £ud  to 
the  situations  in  which  they  w31  be  required ;  lead  and 
gasket  for  joints  of  water  pipes,  and  dky  or  cement  for 
joints  of  drainpipes ;  watching  day  and  night  to  guard  the 
public  from  acddents;  the  finding  and  providing  of  all  and 
all  manner  of  labour,  and  tools  and  materials  (excepting 
oxdy  the  pipes  and  pieoes  which  will  be  delivered  at  the 
railway  station  by  other  contractors),  necessary  to  the  com- 
pletion of  the  works  to  the  entire  satisfaction  of  the  engineer. 

girections  of     The  directions  of  the  several  sewers,  drains,  water  mains. 

Work!  mA  '  \  ' 

ar»d  sub  mnin^,  arc  respectively  marked  and  delineated  upon 
the  plan,  and  the  depths  of  cntting,  and  rates  of  inclination, 
are  severally  drawn  upon  the  section,  and  inarkod  in  figures 
thereon.  Ko  deviation  whatever  from  tliese  drawiriirs  will 
be  allowed,  except  by  theexpres*  diroction  of  the  engineer, 
and  should  any  desorcpancies  t^xist  between  the  fifrnred  di- 
mensions and  the  admeasurement  by  scale,  the  former  are, 
iu  all  cases,  to  be  taken  as  the  correct  dimeusions.  The 
engineer  will,  at  all  times,  set  out  and  mark  the  several 
works  upon  the  ground,  and  the  contractor  shall  provide 
proper  assistauts,  implements,  and  materials  for  that  pur- 
pose, when  allied  upon,  from  time  to  time,  to  do  so. 
S?^!??S6e  commencing  to  bre^k  up  any  public  road,  footway, 

Suiih^"'  ^  for  the  purposes  of  this  contract,  the  contractor 

Sgvp'i^i  shall  give  ail  necessary  notices  to  the  surveyors  of  high 
ways,  or  other  proper  authorities,  and  shall  pay  any 
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fees  that  may  be  legally  payable  in  respect  of  the 
same* 

The  ezoayations  of  the  specified  depths  shall  be  made  in 

such  lengths  as  the  engineer  may  direct,  and  of  8uffi<nent 
widths,  as  shall,  in  the  judgment  of  the  engineer,  enable 
the  pipes  to  be  properly  laid  and  backed  up.  The  bottom 
of  the  trench,  for  the  larger  sizes  of  drun  pipes,  shall  be 
moulded  to  the  shape  of  the  pipe,  and  a  notch  shall  be  cut 
for  the  socket,  so  that  the  pipes  may  talce  a  firro  be;iriiig 
and  be  securely  bedded  upon  the  foundation.  The  trench  is. 
In  all  cases^  to  be  an  open  cutting,  as  no  tunnelling  or  bench- 
ing will  be  allowed,  excepting  in  cases  of  special  emer- 
gency by  express  permission  of  the  engineer.  The  sirlea 
of  the  cuttings  are  to  be  securely  shored  uj)  where  requisite, 
to  prevent  the  adjacent  earth  from  slipping  or  colting  in,  to 
protect  the  adjacent  buildings,  or  to  ensure  the  proper  con- 
struction of  the  sewer.  W  here  the  foundations  shall  be 
unlit  tor  the  bedding  of  the  pipes,  the  soft  ground  is  to  be 
taken  out,  and  a  proper  and  sound  bedding,  or  foundation, 
substituted.  If  clav  is  met  with  in  the  excavations,  so 
much  of  it  is  to  be  preserved  as  will  be  sufficient  to  make 
a  layer  of  nine  inches,  at  least,  in  thickness  round  all  the 
sewers,  so  as  to  form  an  impermeable  clay  collar  or  casing 
to  the  same.  The  e2:cavation8  are  to  be  kept  perfectly  firee 
&om  water  during  the  progress  of  the  work,  the  contractor 
providing  all  necesfiwy  apparatus  fox  that  poipose.  The 
excavated  earth  is  not  to  be  thrown  about  in  any  direction 
most  convenient  to  the  navvies,  but  it  is  to  be  so 
placed  as  to  cause  as  little  interruption  as  possible 
with  the  free  passage  of  the  public,  or  annoyance  to 
the  adjacent  inhabitants.  When  the  line  of  sewer 
crosses  through  private  property,  none  but  unavoidable 
injury  shall  be  done  to  the  same,  or  the.  contractor  shall 
be  responsible. 

Lajifif  tb6  The  pipes  shall  be  carted  from  the  railway  station,  at 
ixtin  expense  of  the  contractor,  and  shall  be  stadked 

as  conveniently  as  possible  for  use,  without  unnecessarily 
impeding  the  pubUc  highway. 

The  trench  being  opened  to  the  satisfaction  of  the  engi- 
gineer  or  bis  clerk  of  works,  the  pipes  are  to  be  properly 
and  carefully  fitted  and  matched,  before  they  are  taken 
into  the  trench.  The  pipe  layer  shall  then  be  furnished 
with  a  bag  stuffed  with  shavings  or  hay,  of  a  size  to  fit  the 
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pipe  rather  tightly,  with  a  rope  about  ten  yards  in  length, 
&8teiied  at  one  end  to  the  mouth  of  the  bag. 

The  bag  miut  be  placed  in  the  first  pipe  at  the  outfall, 
and  the  rope  passed  through  each  piy  e  as  it  is  laid  down, 
until  the  rope  is  served  out ;  the  jcnnts  are  then  to  be 
made  with  clay  of  approTed  quality,  and  properly  tem* 
pered,  and  left  perfectly  water  tight.  The  bag  is  then  to 
be  drawn  forward  through  all  the  pipes  into  the  lost  pipe 
laid  down,  when  other  pipes  are  laid  down  until  the  rope 
from  the  bag  has  been  again  served  out,  when  the  joints 
are  made  as  before.  Curved,  half  socket,  junction,  and 
taper  pieces  arc  to  be  laid  where  directed.  Neither  the 
pipe  layer,  nor  any  other  person,  shall  be  allowed  to  walk 
over  the  pipes  until  they  are  covered  over  to  an  extent  of 
at  least  nine  inches. 

The  pipert  bein<^  laid,  and  the  joints  made  to  tlie  satis- 
faction of  the  engineer,  a  layer  of  clay  of  nine  inches  thick 
is  to  be  well  punned  in  around  tlie  pipes,  so  as  to  form 
an  impermeable  casing  of  clay.  The  trench  may  be  then 
filled  in  with  the  excavated  earth  up  to  the  level  of  the 
bed  for  the  water  pipes,  two  men  being  constantly  kept  in 
the  trench  ramming  to  every  man  filling  in. 

Water  pipM.  Xhc  Contractor  to  c:irt,  at  his  own  expense  and  cost,  all 
the  iron  pipea  and  castings  delivered  at  liie  railway  station 
by  another  contractor  to  the  respective  positions  in  which 
they  will  be  req^uired,  there  to  be  stacked  in  places  that 
may  be  least  objectionable  to  the  general  public 

Pipoiajiqg.  Before  the  pipes  are  lowered  into  the  trench,  they  are 
to  be  thoroughly  cleaned  out,  so  that  no  earth  or  rubbish 
may  be  contained  in  them.  The  joints  are  to  be  made 
sound,  of  lead  and  gaskett  of  approved  quality;  the  depth 
of  lead  in  the  sockets  to  average  two  inches.  TSo  split  or 
defective  pipes  or  castings  are  on  any  account  to  be  laid 
down,  nor  any  screw  cooks  or  hydrants  to  be  £zed  whi<^ 
leak  or  allow  the  water  to  pass  by  them ;  and  should  it  be 
firand  that  any  such  haye  been  laid  down  or  fixed,  the  con- 
tractor will  have  to  take  them  out  and  substitute  others  at 
his  own  expense. 

H};[<g^  The  contractor  is  to  fix  screw  Cocks  and  hydrants  where 
^^"^      indicated  by  the  drawings  or  directed  by  the  en^eer ;  the 

hydrants  to  be  connected  with  the  main  by  two  inch  pipes. 

All  branch  pipes  and  dead  ends  are  to  be  properly  capped 

and  left  secure. 
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^yj^  The  contractor  shall  secnrelyfix  in  brictwork  get  in 
hydraulic  mortar,  such  guUy  gratings,  sinks,  fire  plugs,  and 
other  contrivances  as  may  be  marked  on  the  drawings,  or 

directed  by  the  engineer, 
lioiiwuiing       'ji'Ji^  enfrlueer  bein"-  satisfif  l  ^v^tll  the  works  tlmt  havo 

earth  to  be  o  o  ^ 

been  constructed,  the  remaining  excavated  earth,  or  so 
much  thereof  as  mny  bp  rec^uired,  shall  be  filled  in  in  re- 
gular layers,  not  exceeding  six  inches  in  thickness,  two 
men  being  kept  ramming  to  every  man  hlliug  in.  If  in  the 
opinion  of  the  engineer,  the  shoring  and  strutting  timber 
cannot  be  removed  from  the  deeper  trenches  with  safety  to 
the  adjoining  buildings,  the  same  shall  be  left  in  the 
ground,  and  the  contractor  shall  not  be  entitled  to  any 
extra  payment  on  that  account.  Care  is  to  be  taken  that 
all  materials  for  re-forming  the  road  are  to  be  retained  until 
the  last,  or  until  it  becomes  necessary  to  use  them. 
The  payement,  roadway,  or  sm&ce  soil  is  to  be  made 
tote  made  good,  and  left  in  as  perfect  a  state  as  it  was  foiind  to  be 
previons  to  the  commencement  of  the  works,  or  as  near 
thereto  as  may  be,  to  the  satis&ction  of  the  engineer,  his 
clerks,  and  asdstants,  and  the  surveyor  of  the  highways,  or 
other  proper  authorities, 
sor^  The  contractor  is  to  cart  away  all  surplus  earth  at  his 
own  expense,  the  same  to  be  emptied  into  such  open, 
ditdies  or  other  places  as  the  engineer  may  direct 

GbnsbaIi  Conditions. 

The  contractor  is  to  commence  the  seyeral  portions  of 
the  work  immediately  on  an  order  being  given  by  ihe  en- 
gmeer  to  that  effect,  and  shall,  on  or  before  tiie  31st 
December  next,  complete .  the  whole  of  the  works  herein 
specified,  and  such  additional  works  as  the  engineer  may 
direct  to  be  executed. 
The  contractor  shall  at  all  times  be  present  on  the  works, 
i«ribi!T^^  or  in  his  absence  he  shall  provide  a  competent  representa- 
tive, folly  authorized  to  act  in  his  behalf  in  all  matters 
relating  to  this  contract, 
cootnctarto  Th@  coutractoT  shall  at  all  times,  by  day  and  by  night, 
boar  zni  ma-  provide  and  use  at  his  own  cost  all  overlookers,  labour,  and 
pr^'^'aMiu  materials  of  every  description  whatever,  that  may  be  re- 
quired for  proceeding  with  and  completing  the  works  con- 
tained in  this  contract  in  a  worknianlike  manner,  or  for 
preventing  accidents,  or  affording  accommodation  to  the 


nMttt  And 

oompMioa 
of  works. 


Contractor  to 
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public  during  the  progress  of  the  said  works,  and  shall  in 
all  cases  iniinediately  attend  to  the  reasonable  rei^iiirements 
of  the  engineer. 

jjj^jj^^  1^       Wherever  neither  the  drawings  nor  specification  contain 
oontiMt.     any  special  notice  of  minor  [)arts,  the  intention  to  include 
which  is  nevertheless?  to  be  inferred,  and  which  parts  are 
necessary  for  the  conij)letion  and  stability  of  the  said  works, 
all  such  additional  parts  are  to  be  provided  and  performed 
by  the  contractor,  and  are  supposed  to  be  inchided  in  the 
8lim  at  whicK  he  contracts  for  the  works  ;  and  where  any 
thing  JB  directed  to  be  done,  or  to  "  be  provided  if  ret^uired," 
or  words  of  similar  import^  it  must  be  understood  that  every 
thing  80  referred  to  will  be  considered  as  included  in  the 
contractor's  tender, 
Dot  ic^^    It  is  to  be  distinctly  understood,  that  though  certain  de- 
^dittwi  ^  'Options  and  stipulations  are  not  repeated  or  implied  in 
different  parts  of  this  specification,  and  in  the  contract  to 
be  entered  into  for  the  fulfihnent  of  the  same,  it  shall  not 
be  thence  inferred  that  the  remaining  directions,  descrip- 
tions,  and  stipulations,  of  which  there  shall  be  no  repetition 
or  amplification,  are  in  anywise  invalidated. 
^^iSlSS  contractor  shall  at  all  times  proceed  with  the  works 

jjgJJ^  at  the  rate  of  progress  required  by  the  engineer ;  and  should 
or«&gitiMr.  the  engineer  he  at  any  time  dissatisfied  with  the  nature  or 
mode  of  proceeding  in,  or  at  the  rate  of  progress  of  the 
work,  or  any  part  thereof,  he  shall  have  ftill  power  to  pro- 
cure and  make  use  of  all  labour  and  materials  which  he 
may  deem  necessary,  deducting  the  cost  of  such  labour  and 
materials  from  fl  c  money  that  may  be  due  or  become  due 
to  the  contractor.  But  it  is  hereby  expressly  specified  and 
declared,  that  the  possession  of  this  power  by  the  engineer 
shall  not  in  any  degree  reKcve  the  contractor  of  his  obli- 
gation to  proceed  in  the  execution  of,  and  to  complete  the 
works  with  the  recpiired  expedition. 
Contract  to      Should  the  contractor  fail  to  proceed  with  the  works  m 

VOl'.l  11  t  oil" 

to"?rLS''"  the  manner  and  at  the  rate  of  progress  required  by  the  su- 
to^ti^'cuon  P^riutending  engineer,  this  contract  shall  be  (at  the  option 
ofeflgiaeer.  of  the  Local  Board  of  Health,  not  otherwise)  considered 
void,  so  far  aa  relates  to  the  work  remaining  to  be  done ; 
and  ail  sums  of  money  that  may  be  due  to  the  contractor, 
together  with  the  materials  and  irnplemonts  in  his  pos- 
session, and  all  sums  of  money  named  as  penalties  for  the 
non-fulfilment  of  the  contract,  shall  be  forfeited  to  the 
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Local  Board,  aod  tEe  amount  shall  be  oonaidered  as  ascer- 
tained damages  for  breach  of  contract, 
maf  d!r«t  ^  ^  ^  distmctlj  uodorstood,  that  the  engineer  may 
^^^^'^^^  at  all  times  direct  that  there  shall  be  made  any  alteititions 
in,  additions  to,  or  deductions  from,  any  of  the  works  here- 
inbefore described  or  referred  to ;  and  which  alterations 
in,  additions  to,  or  deductions  from,  shall  not  annul  the 
contract,  but  the  same  shall  be  valued  according  to  the 
schedule  of  prices,  filled  up  by  the  contractor,  and  attached 
to  hig  tender,  and  thnt  the  prices  inserted  in  the  schedule 
shall  be  C'  »ii-ulered  us  inclusive  of  all  labourage,  materials^ 
and  expeniseb  connected  with  the  work  to  whioh  such  pnoes 
apply. 

SwetiH.  The  contractor  shall  (if  so  required)  find  two  good  and 
sullicient  sureties  in  a  penal  sum,  as  nearly  as  may  be  equal 
to  one-fourth  the  amount  of  tlie  accepted  tender^  for  the 
due  performance  of  his  contract. 

Payments  to  the  extent  of  two-thirds  of  the  value  of  the 
work  executed  will  be  made  to  the  contractor  upon  the 
certificate  of  the  engineer  that  the  works  have  been  exe- 
cuted in  accordance  with  this  specification^  and  to  his  satis- 
faction ;  one  moiety  of  the  remaining  one-third  will  be  pud 
to  the  contractor  on  the  completion  of  the  whole  of  the 
works  contained  in  his  contract^  and  the  balance  upon  the 
expiration  of  six  months^  upon  the  certificate  of  the  engi- 
neer that  the  whole  of  the  work  is  in  a  satis&ctory  and 
proper  state,  and  that  no  penalty  under  this  specificalaon 
has  been  incurred. 

C'oDtiactor 

The  contractor  shall  guarantee  and  bold  harmless  the 
Ar^uMge.  Local  Board  of  Health  firom  any  damage  that  may  arise  by 
reason  of  the  negligence  of  his  workpeople,  or  firom  any 
other  cause,  during  the  execution  of  this  contract.  And 

Kngineer  to  should  there  be  any  doubt  as  to  the  meaning  of  any  portion 
donbM."'^  of  this  specification,  the  contractor  tendering  is  requested 
to  set  forth  the  particulars  of  such  doubt  or  obscurity  in 
writing,  and  submit  the  same  with  his  tender  before  the 
contract  is  signed;  the  question  shall  be  discussed  by  the 
engineer  and  contractor,  and  if  necessary,  shall  be  formally 
settled  in  writing.  After  the  execution  of  the  contract, 
the  decision  of  the  engineer  shall  be  conclusive  and  binding. 

The  Local  Board  do  not  bind  themselves  to  accept  the 
lowest  or  any  tender. 


TENDEEL 


BIBCH  SMD  liOOAL  BOASD  OF  HEALTH. 

Contrail,  No,  III. 

» 

Tbhdbk  for  Pipe  LAmra 

 mz. 

To  the  Local  Board  of  BeaUh,  Birch  End, 

Gentlemen, 

I  hereby  propose,  undertake^  and  agree  to  exe- 
cute, perform,  and  do,  the  several  works  deecribed  in  the 
foregoing  epeoification,  and  in  the  drawings,  according  to 
the  troe,  intent,  and  meaning  theieof  for  the  sum  of 

ponndfi ;  and  I  also  agree  that  the  prices 
mentioned  in  the  following  schedule  shall  form  the  basis 
of  a  calculation  for  ascertaining  the  equivalent  to  be  given 
or  taken,  in  respect  of  any  alterations  in,  additions  to,  or 
deductions  fi^om,  the  said  works,  that  may  be  made  from 
time  to  time,  by  order  of  the  engineer. 
I  am.  Gentlemen, 

Your  obedient  servant, 

CONTBACTOB. 

S^udule  of  IMees  before  rrferredUK 

Fric6  v^t  fmi, 
UnMt. 
£    «.  d. 

For  laying  stoneware  drain  pipes  and  pieces, 
iTicki  llng  excavatin*^,  laying,  joiij. ting  and  iiUiug 
in,  puiiiiing  ground,  making  good  surface,  cart- 
ing away  surplus  cartli,  and  every  other  expense 
in  confiwmity  with  the  specification. 
3  inches  to  6  inches  diameter  2  feetdeep     .  • 


10  „ 

DinoheBtoldinohesdiameter  2  „         •  • 

4  „ 

6  „ 

8  « 

10  „ 

12  n 

For  fixing  gully  shoots  and  traps  •   •   •  each 

„      sink  and  yard  gratings  ...  „ 
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IPoT  layiiig  water  pipes  and  pieces^  mduding 
excavating,  laying,  jdnting,  filBngm,  and  pun- 
ning ground^  and  every  other  expense  in  confor- 
mity with  the  specification. 

3  inches  diameter  per  lineal  yard  

4»  M 

5  »  M   

^  »  5>   

7j|>  M  ••••• 

8         »  M  •    •    •    •  . 

10  „  „   

11  >j  ss  •      •      •      «  . 

12  „   

For  fixing  stop  cocks,  including  fixing  and 
jointing,  providing  and  fixing  elm  box  over  cock^ 
and  making  good  paving  up  to  box. 

4  inches  diameter  osusk  

5  ^   

6  »   

7  „   

8  „   

9  „   

10  „   . 

11  „   

12  J)  • 

For  fixing  hydrants,  including  excavating, 
laying  connecting  pipes^  and  uniting  the  same 
to  the  mains,  jointing,  filling  in  and  punning 
ground,  and  making  good  paving   •   .   .  each 


BIBCH  BHD  LOOAI*  BOARD  OF  HEALTH. 

Caniract,  No,  IV, 
Bbsbbvoib. 

JS^tecificaium  to  be  observed  by  the  Contractor  for  the  woiks 
set  forth  therein,  required  to  be  executed  by  con- 
tract, for  the  Local  Board  of  Health,  Birch  End, 
according  tx>  the  deagns,  drawings,  and  instructions 
of  Mr.  Edward  Byde,  Civil  En^eer  and  Surveyor. 
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Extent  of  Cantraet, — ^The  works  compnaed  in  this  oon- 
tract,  indnde  liie  exoavatiDg  for,  and  embanking  and  con- 
structing a  oov6r«d  reservoir;  the  finding  of  all  and 
all  manner  of  materials,  labour,  tools,  carriage,  trar 
yelling  expenses,  and  all  other  tbings  of  whatsoever 
description  that  may  be  required  to  cany  on,  erect,  con- 
struct and  completely  finisk  such  reservoir,  as  the  same  la 
particularly  delineated  and  described  in  the  several  draw- 
ings, and  in  this  spetnfication. 

DiiAWlNGS. 

Plate  «  .  .  Plan  and  Section  of  Beservoir. 
To  excavate  for  the  proposed  reservoir  to  such  depths 
as  shown  in  the  drawings,  care  being  taken  that  the  whole 
of  the  top  soil  or  turf  is  to  be  removed  and  placed  in  a 
heap  bv  itself,  and  to  be  used  again  in  covering  over  the 
embankment  and  slopes  of  the  said  reservoir,  when  the 
same  is  constructed,  and  also  that  those  soils  which  may 
be  most  retentive  of  water,  may  be  placed  as  much  as  pos- 
sible by  themselves,  to  be  used  again  on  the  embankment 
of  the  reservoir. 

Embankuig  To  embank  the-  reservoir  when  constructed,  with  such 
of  the  excavated  earths  as  the  engineer  may  direct  to  be 

used  for  that  purpose ;  the  same  to  be  executed  in  regular 
layers  not  exceeding  six  inches  in  thickness,  and  well 
punned,  the  proportion  of  punners,  being  such  as  the  engi- 
neer may  from  time  to  time  approve,  but  never  1^  than 
three  to  one  barrow  load. 
'^'^    Tocapthetopot  the  reservoir  with  the  remaining  excavated 

top  Of  Rser-  *  *  CD 

WW-  earths,  regularly  laid  on  in  thin  layers,  well  and  solidly 
rammed  over  the  arches  before  the  removal  of  the  cen- 
tering. It  is  proposed  to  slope  the  embanknients  at  an  incli- 

a<g«  to  He  nation  of  1^  to  1,  that  is  the  base,  being  one  foot  and  a 
half  to  every  foot  of  height.  But  if,  during  the  execu- 
tion of  the  work,  the  contractor  should  have  reason  to 
suppose  that  such  rate  of  inclination  will  not  ensure  the 
stability  of  the  embankment,  the  engineer  is  to  be  imme- 
diately apprised  of  his  misgivings^  and  the  contractor  will 
be  held  responttble  fyt  all  damage  arising  from  slipping  or 
any  other  cause. 

sigMjoMbj    As  the  embankments  advance  and  become  consolidated, 
covered  with  thc  slopcs  shsll  bc  carefully  dressed  or  trimmed  to  the 
specified  inclinations,  and  covered  with  the  tnif  that  was 
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removed  from  the  site  of  the  reservoir.  This  shall  be 
done  in  the  manner  pasture  lands  are  sometimes  grafted; 
that  is,  the  turf  shall  be  laid  on  in  slipsj  with  an  interval 
of  uncovered  ground  between  oacki  BUp,  so  that  the  turf 
taken  off  the  horizontal  sorface^  before  the  excavation  for 
the  reservoir,  ma,j  by  this  means  be  made  sufficient  to 
coyer  with  swaid  the  increased  surface  of  the  reservoir 
and  slopesj  which  shall  then  be  sown  with  good  and  proper 
grass  seeds. 

istnag  Of  To  line  with  a  coating  of  puddle  at  least  nine  indies  in 
thickness  the  bottom  of  the  reservoir ;  to  line  with  a  similar 
coating  of  puddle  the  space  between  the  odes  of  the  ex- 
cavation and  the  brickwork,  from  the  foundation  upward, 
to  about  1  foot  6  indies  above  -tiie  top  water  ]ine,so  that  such 
lining  may  be  about  9  inches  thick  at  the  top,  12  inches 
thick  at  the  springmg  of  the  arches,  and  ^adually  in- 
creasing in  width  to  the  foundations,  as  shown  on  the  draw- 
ings; to  line  thoroughly,  with  a  amilaf  coating  of  puddle, 
the  whole  of  the  excavations  for  the  main  and  other  pipes 
passing  into  and  out  of  the  reservoir,  and  extend  the  same 
a  suffident  distance  beyond  the  outside  of  the  bricliwork, 
the  olject  being  to  seat  the  reservoir  in  an  impermeable 
puddle  basin. 

Pttddici  The  puddle  is  to  be  ni  irle  of  pounded  clay,  nf  approved 
quaHty,  well  worked  with  water,  cut,  and  rammed  solid, 
and  free  from  stones  and  rubbish.  Ghreat  care  is  to  l)e 
taken  after  it  is  placed,  to  preserve  it  from  the  effects  of 
sun,  air,  wind  cracks,  or  other  flaws ;  and  the  contractor 
shaU  repair,  at  his  own  cost,  ail  damage  resulting  irom 
such  causes. 

Foundatioa  To  fomi  a  foundation  for  the  brickwork  of  the  reser- 
vok  by  spreading  a  layer  of  concrete,  three  inches  in  thick- 
neas  on  the  top  of  the  puddle,  all  over  the  bottom 
of  the  excavations  forming  the  site  of  the  intended 
reservoir. 

vm  fn  qwn-    To  fill  in  the  spandrel  of  the  arches  to  a  height  of  18 

inches  above  the  top  water  line,  with  concrete,  before  the 

centering  is  removed  from  the  arches. 
Cbj.  If  suffident  day  for  the  puddle,  should  not  be  found  in 

the  excaTations,  concrete  must  be  substituted  in  lien  of 

the  puddle. 

The  concrete  must  be  compounded  of  gravel,  perfectly 
dean  and  mixed  with  fresh  well-burnt  hydraidic  lime  o£ 
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approved  quality^  in  the  proportion  of  six  parts  of  gravel 
to  one  of  lime. 

The  ^vel  to  he  perfectly  dean  and  free  from  marl  or 
loam,  heing  a  nioe  admixture  of  about  two  parts  gravel  to 
one  part  coarse  sand.  All  stones  in  the  gravel  larger 
than  ahout  an  inch  and  a  half  in  diameter  are  to  be 
hrolcen. 

projorHont  The  proportions  of  lime,  gravel,  and  sand  are  to  be 
gy^Md  accurately  gauged.  The  lime  ia  to  be  brought  npon  the 
cMto.  ground  fresh  from  the  Idln,  laid  on  a  bed  of  gravel  and 
sand  not  than  twelve  inches  thick,  and  spread  over 
this  to  a  depth  of  about  18  inches  ;  and,  while  ppreading, 
is  to  be  slowly  but  continually  sprinkled  witii  clean  water, 
from  a  rose  liCiiJed  watering  pot,  until  the  steaming  lias 
commenced,  when  the  lime  is  to  be  covered  up  with 
gravel  and  sand  so  that  no  steam  can  escape,  and  to  be  left 
in  that  state  until  it  is  completely  slaked  and  turns  out 
an  impalpable  powder ;  the  gravel  and  lime  arc  then  to  be 
mixed  ia  a  dry  state,  to  ensure  their  thorough  incor- 
poration, after  which  on  a  clean  platform  a  proper  pro- 
portion of  dean  water  is  to  be  added^  the  whole  is  to  be 
tnmed  over  and  wdl  heaten,  nntil  a  thorou^  admixture 
of  all  the  parts  is  effected  and  brought  to  a  tough 
consistencjy  when  it  is  to  he  immediatelj  filled  into 
harrows,  and  teemed  from  a  height  of  at  least  ten  feet 
on  to  the  place  required,  when  it  must  he  levelled  at  once 
to  its  proper  thidmess  before  it  has  time  to  set 
Baiwwwrf.  The  contractor  shall  erect  a  proper  barrow  road  or 
8caffi>ld,  from  which  the  concrete  can  in  all  cases  be  teemed 
on  to  the  place  at  which  it  is  required. 

Bbicklayeb. 

The  bricks  made  use  of  throughout  the  work  shall  be 
hard,  sound,  well  shapen,  thoroughly  burnt,  and  of  uniform 
size,  and  shall  be  weU  saturated  with  water  before  being 
set. 

No  broken  bats  will  be  allowed  to  he  used  either 
externally  or  internally,  unless  absolutely  necessary  as 

dlosers. 

The  workmanship  shall  be  of  the  best  description,  Ko 
joint  of  mortar  shall  exceed  one  quarter  of  an  inch  in 
thickness,  and  the  work  shall  be  laid  in  English  bond* 
Mottar.        The  mortar  shall  consist  of  fresh  burnt  lias  lime  of 
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•  approved  quality  and  cluan  sharp  saiiJ,  in  the  proportion 
of  two  parts  sand,  to  one  of  imslacked  Lime.  They  shall 
be  intimately  mixed  in  a  dry  state  and  well  tempered  with 
a  proper  quantity  of  water,  and  only  mixed  as  required 
for  use,  the  mortar  that  has  previously  set  or  become  hard 
upon  the  ground  shall  not  be  permitted  to  be  used  in  any 
partof  the  work. 

When  the  lime  is  required  to  be  slacked  it  sbaH  be  done 
with  dean  water,  and  covered  up  with  sand  so  that  no  air 
slacked  lime  shall  be  used  for  any  purpose  whatever.  No 
gjJJJJ^  brickwork  is  to  be  commenced  on  die  concrete  foundations 

until  they  have  become  hard  and  solid. 
Briflkwwk.  To  build  the  pier,  side,  and  end  walls  of  reservoir  in 
English  bond,  the  whole  of  the  joints  to  be  flushed  up 
solid  with  mortar,  and  in  all  walls  of  18  inches  thick  and 
upwards,  every  third  course  shall  be  well  grouted;  the 
internal  bricks  of  that  course  being  properly  floated  in, 
and  driven  up  one  against  another  in  the  grouting  so  as  to 
:6n  np  all  the  interstices,  and  render  the  whole  of  the  work 
a  compact  solid  mass.  ThB  longitudinal  pier  and  cross 
walls  are  to  be  well  and  properly  bonded  together,  and  the 
side  and  end  walls  must  be  battered  and  have  piers,  of&ets, 
and  step  buttresses  as  shown  in  the  drawings. 
SfceniMcka.  The  skcwbacks  of  walls  to  be  correctly  worked  to  tem- 
plates, and  to  be  built  with  feather  edn;e  bricks  made  to 
shape,  as  no  iiiiiug  in  with  bits  or  pieces  will  be  allowed. 

The  arches  over  the  reservoir  arc  to  be  composed  of  two 
four  and  a  half  inch  rings ;  the  whole  of  them  are  to  be 
proceeded  with  at  one  time,  and  carried  on  as  regularly  as 
possible.  The  side  and  end  arches  must  sjDring  from  the 
brickwork  on  a  line  fonuiiig  a  right  angle  with  the  batter 
face  of  the  centre  of  the  arch. 

To  set  close,  and  well  flush  up  with  mortar,  the  soffits 
of  all  the  arches;  and  after  the  centring  has  been  drawn, 
point  the  under  side. 

To  turn  a  groined  arch  in  side  wall  for  entrance  into 
reservoir. 

cmtrbig.  All  centring,  as  may  be  requisite  to  turn  all  the  arches 
of  the  reserv<nr,  as  well  as  all  struts,  close  planldng,  and 
ribs  necessary  for  carrying  on  the  whole  of  the  arches 
together  in  one  breast,  shall  be  found  by  the  contractor. 
And  no  centring  shall  be  removed  until  the  whole  of  that 
set  of  arches  has  been  properly  keyed  and  backed  with 
2  H 
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other 
Brlokwoak. 


Carpenter** 
Work. 


Pilntvr't 
Work, 


ftaUSk't 
Work. 


the  concrete  spandrels,  and  the  capping  brought  up  as 
close  as  the  work  will  permits- 

To  do  all  othrr  brick  work  that  may  be  required  to 
complete  the  construction  of  the  reservoir,  according  to 
the  directions  expressed  or  implied  in  the  specification  and 
drawings  and  to  the  satisfaction  of  the  eng-ineer. 

Cover  the  t  ii trance  to  reser\oir  with  thr(3c  inch  York 
flagging,  and  pro\ade  and  fix  tooled  and  rounded  York 
stone  treads  and  brick  risers. 

Perform  any  other  masonry,  necessary  and  recjuisite, 
for  the  oompletioii  of  the  work. 

Fit  up  ^e  doorway  at  entrance  with  1^  inch  four 
paneled  door;  hang  the  same  with  a  pair  of  4  inch  hutts 
to  4^  by  3  inch  rebated  frame ;  and  provide  and  fix  a 
suitable  lock  and  key. 

Perform  any  other  carpentry  necessary  to  complete  the 
works. 

Enot,  stop,  pumice^  paint  in  four  oils>  grain  oak  and 
varnish  the  door,  and  door  frame. 

Provide  and  fix  a  wrought  iron  step  ladder  as  shown  in 
drawing,  and  a  wrought  iron  grating  in  York  flagging  over 
entrance. 


mta%  and 
wuplstion 
oC  Worka. 


Ooatnctorto 


to  be  re- 
•pOBBiblR  for 

datnagfv,  and 
to  keep  work 
In  repair  for 


Minor  parta 
U)  l>e  in- 
Cludeil,  Jil- 
thoujfh  not 
notlG«d  in 

on. 


TIME  OF  OOMMENCEMENT  AKD  COMPLETION. 

The  works  are  to  be  commenced  immediately  on  an 
order  being  ^ven  by  the  engineer  and  to  be  proceeded 
with  at  a  rate  of  progress  satis&ctory  to  him — and  to  be 
finally  completed  within  four  months  of  the  date  of  such 
order  to  commence,  or  the  contractor  shall  forfeit  £10  for 
every  day  that  the  work  is  delayed  beyond  the  time 
specified,  unless  the  engineer  shall  certify  that  the  delay 
arises  from  any  unavoidable  or  excusable  cause. 

The  contractor  is  to  provide  all  materials  of  every 
d^eription  and  labour  of  eveiy  kind,  that  may  be  neces- 
sary to  construct,  and  properly  complete  the  work.  He 
is  to  be  responsible  for  ail  damage  and  aoddents  of  every 
kind  that  may  occur  during  the  execution  of  the  work  and 
he  is  to  keep  the  works  in  repair  for  six  months,  from  the 
date  of  their  completion. 

And  wherever  neither  the  drawing?  nor  this  specifica- 
tion contain  any  sj)ecial  notice  of  minor  parts,  the  intention 
to  inclndp  which  is,  nevertheless,  to  be  inferred,  and  which 
parts  are  necessary  for  the  completion  aind  stability  of  the 
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works,  all  such  additional  parts  are  to  be  provided  and 
performed  by  the  contractor,  and  are  supposed  to  be  in- 
cluded in  the  sura  at  which  he  contracia  for  the  works^ 
and  wherever  any  thing  is  directed  to  be  done,  or  to  be 
prO'vided,  if  required,  *^or  words  of  similar  import,"  it  must 
be  tinderstood  that  every  thing  so  referred  to  will  be 
considered  as  included  in  tHe  contractor's  tender. 
wm\i  to  be    The  whole  of  the  works  herein  described,  both  as  recaids 
•u^^Mi^  quality  of  materials  and  workmanship,  shall  be  executed  to 
'  the  entire  satis&ction  of  the  engineer  according  to  the 
true  intent  and  meaning  of  the  specification  of  which  the 
engmeer  shall  be  the  sole  judge. 
It  is  to  be  distinctly  understood  that  the  engineer  may 
aitentioat.  at  all  times  direct,  ihat  there  shall  be  made  alterations  in, 
additions  to,  or  deductions  from  the  works  herein  described 
or  referred  to;  which  ^d  alterations  in,  additions  to,  or 
deductions  from,  shall  not  annul  the  contract,  but  an 
equiyalent  based  upon  the  schedule  of  prices  annexed  to 
the  contractor's  tender  shall  be  given  or  taken  as  the  case 
may  require. 

F$rmeat»,  Payments  to  the  extent  of  ninety  per  cent  will  be  made 
monthly  upon  the  value  of  the  work  executed  provided 
the  engineer  ahall  Certify  that  the  work  is  proceeding  to 
his  satisi'aotion. 

In  one  or  other  of  the  preceding  specifications  tnU  he  found  the 
general  si^ntlaiunu  usuaJfy  coniamed  in  such  documents. 


CHAPTER  XV. 
TIMBER  MEASURING. 

TmBER  is  computed  at  its  solid  contents,  whether  standing, 
rough,  or  hewn.  Boards  and  planks  are  measured  superfidally. 
40  feet  of  rough  timber  or  50  feet  of  hewn  properly  mi^e  a  load, 
but  in  practice  it  is  usual  to  consider  50  feet  of  timber,  of  any 

description,  as  a  load.  The  reason  assigned  for  the  establishment 
of  the  different  sixes  of  the  load  of  rough  and  hewn  timber  is,  that 
the  former  being  mcasui'ed  in  a  round  state  (as  will  be  presently 
shown)  by  taking  one-fourth  of  the  circumference  as  the  side  of 
equal  square  produces  a  result  one-fifth  short  of  the  actual  sdid 
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content,  wlille  equated  or  hewn  timber  is  me&anred  upon  more 
accurate  mathematical  prindples. 

Tn  treating  tlie  subject  of  measuring  solid  timber,  it  is  necessary 
to  premise  that  the  rules  about  to  be  given  are  such  as  have  be- 
come customary  in  practice,  and  not  those  which  a  mathematician 
would  apply  to  the  operation.  The  true  mathematical  solid  con- 
tent of  any  piece  of  timber  may  be  found  by  the  application  of  one 
or  iiiure  of  the  rulet.  cuntained  in  the  mensuration  of  solids  m  a 
former  part  of  this  work,  but  such  a  content  would  not  be  in  ac- 
cordance with  customary  usages,  and  consequently  but  of  litde 
value  to  the  practical  man,  while  the  mode  of  its  attainment  would 
also  be  tedious  and  complex. 

In  measuring  standing  timber^  the  first  thing  to  be  estimated 
approximately  is  the  Lt  iglit  of  the  tree.  This  is  done  by  holding 
a  20-feet  rod  as  high  up  the  tree  as  a  man  can  reach,  and  by  guess- 
ing the  remunder,  whidi  may  generally  be  very  nicely  done ;  for 
supposing  the  bottom  of  the  rod  to  be  held  6  feet  from  the  ground, 
26  feet  up  the  tree  is  actually  measured,  and  the  proportion  which 
the  unmeasured  height  bears  to  the  measured  will  become  tolerably 
apparent  to  the  eye.  I  have  beard  of  a  ladder  being  carried  about 
with  which  to  measure  the  heights  of  the  trees,  bat  ncTer  saw  it 
done.  What  is  called  the  hp  and  top  of  the  tree  is  measured  or 
estimated  separately,  as  it  generally  carries  a  less  price.  Up  to  24 
inches  drcumference  or  6  inches  quarter  girt  is  generally  taken  as 
timber,  and  all  below  that  size  goes  as  lop  and  top  f  but  the  ex- 
act minimum  of  the  timber  and  maximum  of"  lop  and  top  is  made 
the  subject  of  agreement  between  the  "  surveyors  for  buyer  and 
seller  "  before  they  commence  their  work. 

The  method  of  taking  the  girt "  of  a  tree  and  allowing  for 
bark  is  also  (in  many  cases)  the  subject  of  agreement  between  the 

surveyors."  It  is  in  some  localities  (but  we  will  hope  very  few) 
customary  for  tlie  purchaser's  surveyor  to  insist  that  the  girting 
line  be  first  divided  into  three  parts,  and  that  one-third  of  the  cir- 
cumference be  entirely  thrown  out  as  an  allowance  for  bark,  the  re- 
maining two-thirds  only  to  be  divided  into  four  for  the  "quarter  girt" 

Another  custom  allows  the  purchasing  surveyor"  to  girt  the 
tree  where  he  pleases  between  the  middle  and  bottom  port. 

A  third  insists  that,  let  the  tree  taper  however  irregularly,  the 
girt  shall  be  taken  exactly  half-way  up  the  tree. 

But  these  and  all  eimihir  customs  are  so  obviously  uncertain  in 
the  results  they  produce,  that  no  surveyor  of  common  ability  or  in- 
tegrity will  agree  to  adopt  them.  The  simple  business-like  way 
is  to  ascertain  as  nearly  as  possible  the  fair  average  quarter  girt. 
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or  one-fourth  part  of  the  circumference,  and  to  make  therein  such 
an  allowance  as 'may  he  fwrly  estimated  to  reduce  it  to  what  it 
would  have  heen  had  the  tree  heen  without  bark.  This  allowance 
in  the  quarter  girt  for  bark  mny  he  very  fairly  reduced  to  an 
agreed  standard.  Up  to  a  rriveu  figure  in  rpifirtor  (Hirt,  the  allow- 
ance to  be  one  inch ;  beyond  that,  aiid  up  to  some  other  size,  an 
inch  and  a  half ;  and  so  on.  The  description  of  tree  will  of  course 
have  great  weight  in  arranging  this  standard.  Oak  trees,  in  which 
the  quarter  girt  is  12  inehea,  may  require  1  inch  allowance  there- 
out for  bark,  while  in  the  case  of  ash,  elm,  and  beech,  hail  au  inch 
may  in  some  cases  be  sufficient. 

A  iuathematlcally  educated  surveyor  will  of  course  readily  ae- 
certain  the  correct  allowance  to  be  made  for  bark  by  guagmg  its 
approximate  thickness,  and  deducting  twice  that  thickness  from 
the  calculated  diameter  of  the  tree,  mduding  hark,  and  he  will 
then  have  the  actual  diameter  without  the  bark.  This  being  re- 
duced to  circumference  and  divided  by  4,  the  actual  quarter  girt 
of  the  timber  may  be  placed  in  comparison  with  the  quarter  girt  of 
the  tree,  and  the  true  allowance  for  bark  will  be  their  difference. 
A  calculation  of  this  kind  applied  to  about  three  sizes  of  trees  will 
form  the  basis  of  an  arrangement  which  may  be  fairly  adopted  in 
the  manner  I  have  previously  suggested. 

The  average  quarter  girt  of  a  standing  tree  that  tapers  with 
tolerable  regularity  may  be  ascertained  by  girting  it  at  the  bot^ 
torn,  and  taking  the  mean  between  the  quarter  girt  there  and  the 
six  inches,  or  whatever  may  be  agreed  on  as  the  minimum  quarter 
girt  at  which  the  timber  of  the  first  quality  is  to  cease,  and  the 
lop  and  top "  to  conmience.  The  point  at  whidi  the  tree  will 
girt  24  inches  in  circumference  is  of  no  importance  in  taking  the 
quarter  girts,  but  it  requires  the  exercise  of  the  surveyor's  judg- 
ment in  ascertaining  the  heights.  Tt  is  well  for  the  sake  of  accuracy 
that  it  is  not  so,  as  an  error  in  the  girt  would  enter  into  the  whole 
calculation  of  tlie  tree,  while  an  error  in  length  is  confined  to  the 
extent  of  the  error  itself. 

Wbt  rr  the  tree  does  net  ra])er  regularly,  various  ex{)e(Hence8 
must  be  adopted  to  ascertain  ihe  average  girt.  It  is  impossible  to 
lay  down  rules  that  may  produce  approximate  results  in  every  case; 
the  exercise  of  a  very  little  ingenuity  will  overcome  most  of  them. 
When  a  tree  continues  up  to  a  certain  height,  nearly  the  same  size, 
and  then  tapers,  it  will  be  best  to  measure  the  two  parts  separately. 
The  girt  of  these  two  parts  may  be  very  often  obtained  in  this  w^ay, 
suppose  the  lower  part  to  be  14  feet  high,  Like  the  quarter  girt 
uL  7  feet,  which  suppose  to  be  30  inches,  this  will  be  the  mean  of 
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the  lower  part;  talce  fhe  quarter  girt  at  the  bottom  of  the  trees 
-widch  enppose  35  inches^  which  being  5  inches  greater  than  the 
quarter  girt  at  1  feet  high,  we  may  conader  the  quarter  ffit  at  that 
point  is  5  inches  greater  than  at  14  feet  higji;  hence  we  have  25 
inches,  to  average  with  6  inches,  for  the  mean  quarter  girt  of  the 
upper  part  of  the  tree. 

In  measuring  round  timber  that  has  been  felled,  the  length  can 
be  accurately  taken,  and  the  girt  as  often  as  required  to  obtain 
a  correct  average,  bearing  in  mind,  that  when  the  girt  is  taken 
several  times,  it  should  always  be  at  equidistant  points.  To 
illustrate  this,  let  fig.  196  be  the  section  of  a  piece  of  timber  25 
feet  long,  and  of  the  respective  quarter  ^rts  as  figured.  Incom- 
petent measurers  would  take  the  girt  at  about  three  places,  namely 
at  B  wMcb  they  would  suppose  to  represent  the  girt  of  the  length 
ABC;  at  D,  and  at  F,  and  would  average  them  in  this  way: 

Quarter  gurt  at  B  20 
„   at   D  14 
„       „   at  F  10 

3)  44 

Mean  quarter  girt  14} 

Now  let  us  see  the  correct  result  of  averaging  the  quarter  girts, 
taken  at  equidistant  points. 

Quarter  girt  at  A  20 

„        „    at  B  20 

„       „    at  C  20 

„       „   at  14 

,,       „   at  £  15 

„       „   at  F  10 

6)  99 

Correct  average  quarter  ^rt  16} 

The  content  of  a  piece  of  timber  25  feet  long 

by  14J  inches  quarter  girt  is  36  ft.  6  in. 

The  same  length,  but  16}  inciies  quarter,  girt  is  •    •    47      3  „ 

Loss  by  the  incorrect  method  of  taking  the  dimensions   10  ft.  9  in. 

Practical  timber  surveyors  generally  have  a  tape  or  strap  for 
taking  the  girt  of  trees,  marked  to  indies,  but  numbered  only  at 
every  fourth  division ;  that  is,  at  4  inches  it  is  numbered  1 ;  at  8, 
2 ;  at  12,  3,  and  so  on;  by  which  simple  arrangement,  the  quarter 
girt  in  inches  and  quarters  is  shown  at  once. 

Squared  timber  is  measured  by  taking  the  length,  breadth,  and 
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ihicbiefls.  Tbe  length  and  breadth  are  lednoed  to  tbe  eide  of  equal 
square^  which  is  then  treated  as  ihe  quarter  girt.  It  Is  yery  cus- 
tomary to  add  the  breadth  to  the  thi^eas,  and  take  half  for  the 
mde  of  eqiMd  sqmre,  but  such  a  custom  is  very  erroneous^  and  a 
Table  has  been  added  to  obviate  it. 

The  superficial  content  of  planks  is  found,  hj  multiplying  the 
lengthy  in  feet  and  inches^  by  the  widths;  attention  is  required  in 
taking  the  widths  of  irregular  planks,  to  do  so  at  equidistant  points, 
as  explained  in  the  girting  of  irregular  timber. 

Explanation  of  Table  No.  1. 

Table  of  wUd  meoiure. 

Each  page  of  this  table  is  divided  into  twoparts,  and  eadi  part  into 
five  columns.  At  the  head  of  each  part,  is  set  forth  the  length  in  . 
feet;  and  in  the  first  column  of  each  part  is  the  quarter  girt  or  ade 
of  equal  square  in  inches.  In  the  second  oolpmn  of  each  part  is  the 
solid  content  in  feet  and  inches,  of  the  piece  of  timber  (or  any  cube) 
Yfhose  length  is  equal  to  the  length  set  forth  at  the  head  of  the  table ; 
and  whose  quarter  girt,  or  side  of  square,  is  equal  to  the  one 
expressed  in  column  1,  opposite  to  the  cubic  content  in  column  2. 

In  columns  3,  4,  and  5,  are  contained  the  contents  of  solids, 
corresponding  to  the  same  length;  but  whose  respectiye  quarter 
girts  are  increased  by  the  fractional  parts  of  an  inch,  which  are 
severally  denoted  at  the  heads  of  such  columns. 

Ex,  1.— What  is  the  content  of  the  standing  tree  (according  to 
the  customary  method  of  treating  one-fourth  of  the  circuniference, 
or  quarter  girt,  as  the  side  of  equal  square),  whose  height  is  39 
feet,  and  average  quarter  girt  40  inches. 

In  the  section  of  the  table  headed  39  feet,  and  in  column  2, 
opponte  40  inches  in  column  1,  stands  433  ft.  4  in.,  the  required 
content  of  the  tree. 

Ex,  2— Bequired  the  content  of  the  piece  of  timber  whose  length 
is  20  feet  and  quarter  ^rt  16^  inches. 

In  the  section  of  the  table  headed  20  feet  long,  o])posite  16 
inches  quarter  ^rt,  and  in  the  column  headed  f  inch,  stands  36 
feet  8  inches,  the  required  content. 

Ex.  3. — ^Bequired  the  content  of  the  tree,  15  feet  long  and  20^ 
inches  quarter  girt. 

In  the  table  beaded  15  feet  long,  opposite  20  inchea  quarter  girt, 
and  in  the  column  headed  k  iach,  stands  43  feet  9  inches,  cubic 
content. 
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TIMBER  TABLES,  XI. 
Tables  of  unequal  ^ided  Tmber,  and  side  of  equal  square. 

Each  page  of  these  Tables  contains  twelve  columns.  In  the 
outer  eoluiriu  on  either  side  is  set  ciown  the  greater  side  in  inches, 
uiid  m  the  remaining  columns  are  contained  the  side  of  equal 
square  corresponding  to  the  unequal  sides. 

Use  of  the  Table. 

Ejb*  1. — A  piece  of  timber  27^  inches  broad,  and  40^  inches 
deep,  what  is  the  side  of  equal  square  ? 

In  the  column  headed  27}  inches  lesser  side,  and  opposite 
40}  inches  greater  side,  stands  33}  inches  side  of  equal  square. 

Ex.  2. — A  piece  of  timber  25  feet  lonp^,  23}  indies  broad,  and 
37}  inches  thick,  what  is  its  solid  content? 

In  Table,  No.  2,  under  23^  inches  lesser  side,  and  opposite 
S7k  indies  greater  side,  is  29f  inches  side  of  equal  square* 

In  Table,  No  1,  in  the  portion  headed  25  feet  long,  opposite  29 
inches  quarter  girt,  and  in  the  column  headed  |  inches,  is  153  ft. 
8  in.  solid  content. 

It  is  not  unfrequent  in  practice  for  measurers  to  add  together  the 
unequal  sides  and  consider  half  their  sum  as  the  side  of  equal 
square.  When  there  is  not  much  difteren(;e  in  the  dimensions  nf 
the  two  sidf^,  this  is  not  productive  of  great  error;  but  the  two 
preceding  examples  will  show,  that  when  the  sides  are  very  dis- 
proportioned  the  error  is  considerable. 

In  Ex.  1,  27} 

40} 

2)  68   sum  of  two  sides 
34  mean 

33^  True  side  of  equal  square, 
f  difference. 
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In  Ex.  2, 

2)  61    sum  of  two  udes 
30^  mean 

29f  Ttve  side  of  equal  square 

f  error. 

ft.  in. 

Content  of  a  tree  25  feet  long,  30^  inches  quarter  girt,  161  „  6 
Content  of  a  tree  25  feet  long,  29|  inches  quarter  girt,   153  „  8 


Error  due  to  the  incorrect  method  of  determining  {  ^ 


the  side  of  equal  square 


lining 
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22 
22} 

22I 

22} 
22} 

23' 

23} 
22| 

23 
23} 

22| 
38 

23} 

23k 

23} 
23} 
23  i 

231 

28> 
23| 
233 
24 

26 

2(1.1 

27 

21? 

■'2 

221 

22 

22] 
•  >•>  1 

22} 

22} 
22} 

22i 

22^ 
22J 
23 

23} 

22^f 

23 

23J 

23} 

23} 
23} 
231 

231 

23J 
23| 
23| 

23f 
24 

24] 

24 
24] 
24  j 

24} 
24} 

24| 
25 

275 

28 

28} 

29 

30} 

ao 

30} 

31 

22} 

23 

22:] 
23 
23 
23} 

23 

231 

23J 

23} 

23} 
23i 
23f 

24 

28} 

m 

24 

24 
21i 

24} 

24} 
24  J 

24 1 

25 

24^ 
24f 

25 

25} 

25 
25 

25} 

25} 
25i 

25^ 

251 

29} 
30 

30. 1 

31 

81.1 

32 
321 

33 

231 
28.^ 
23'^ 

2.3} 
233 
23  :i 
24 

235 

24 

24} 

24-5 

24} 

24J 
24} 

m 

m 

24i|- 
24| 

25 

24^ 
25 
2r>} 
25} 

95 
25} 

25^ 

25^ 
25} 

» 

25} 

26 

264  j 

20 

26} 

2(U 

31.} 
32 

32' 

33 

2  R 


622 


TIMBEB  TABLES. — ^No.  2. 


■ide. 

83 

ti. 

lb. 

23 

I^eseer 

side, 

in. 

OUM  OF 

tqnjire. 

Side  of 

equal 

in , 

Letaer 

Side  of 

•ide, 

24 

eciual 
•(aan. 

Skia  «f 

square. 

In. 

incbet. 

locbet. 

Sld*ot 
«qTMl 

22J 

23 

23  i 

22} 

23 

22 ' 
23^ 

23i 

231 

23} 

•23i 
24 
24i 
245 

inchei. 

24^ 
26 

25J 
» 

23J 

23} 

24 

23  i 

244 

24 
24} 
24} 
241 

24| 

29 

27 

27i 

2S 

24J 
24} 

24| 

24} 
24f 
24| 

25 

24| 
26 
25i 
25} 

25 

25} 

26} 

251 

25} 

25} 

Of, 

26 

29 

2d} 
90 

25 
251 

25i 
25} 
25J 

26 

25| 

2t; 
26i 

25i 
36 

^* 
26} 

26} 
26} 

28} 
28j 

301 

31 

3U 

32' 

2G 

yo 

26i 
26} 

26} 
26f 

27 

27 

27} 
27} 

27 
27} 

27} 
273 

d2i 

33 

34 

27 

27| 

Ti\ 

27 
27'- 
27  A 

27i 

27!. 
27] 

28 

27  J 
27| 

2S 

28} 

28 
28} 

28| 

28} 

34| 

36 

35} 

36 

27} 

27:1 
28 

'27i 

28 

281 

284 

28} 
28} 

28} 

28f 

2f) 

29 

29 
^} 

36} 

37 

as 

281 

99 

28} 
28| 
29 

29 
29} 
29} 
29} 

29} 

29} 
29} 

29f 

29i 

30 

Bidi', 

24} 

bi. 


Side  of 
equal 
square. 


incltos. 


24f 

2;3 

29}  29i 


Lesser 
side, 

25 

in. 


Side  of 
oqual 
square. 


inches. 


25} 
•25| 

26} 


26} 
20| 

27 

27 


27} 

27.^ 
27^ 

28 


2^} 


26| 

26  i 
26| 


5i6| 
27 
27} 
27} 


27} 
271 

2« 


Leaser 
side, 

25} 

in. 


Side  of 
cqoal 


Infihw, 


801 


26 
26} 

26} 
26i 


27 
27} 

27J 

271 


28 

281 


28i  28} 


28} 

28} 

ogs  Of) 

28|  f  29} 


28} 
28} 


29 
29} 
29.1 
291 


80 

30 

301 


29} 
29i 

29  f 

ao 


80} 
30} 


28f 
29} 


29} 
291 

30 

30} 


30} 
30} 

31 


30i  1  SGi  i  ai} 


88 

In. 


Side  of 


ill. 


Side  of 


incbeg. 


2fH  I 

26 ^  !  26 ^ 

27 


27} 

27* 


27} 


27} 

27  a 


Oreatei 
side. 


28     28}  30 


28} 
28} 

2H'> 

281 


29 
29} 

29  .i 

281 


30 
80} 

30} 


30} 
31 

31} 

31} 


28} 


29} 
29} 

291 

30 


30} 
30} 

31 


31 

31  i 

3M 

31} 


27^ 

28' 


28} 

29 


30} 
31 

32 


32} 
33 

33 1 
34 


34} 

35 

35} 

36 


36  i 
37 

37  A 
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Greater 

side 


liieli«iL 


27^ 
28 

29" 


m 
31 


31i 

mi 
33 


33} 

■341 

35 


do} 
86 

37 


37} 

38 

3Hi 

39 


30^ 

40 

4()A 

41 


41- 

42 
42} 

43 


27 

in. 


Side  of 
equal 
square. 


27\ 
27} 

28 


2Si 

m 

29 


29i 
29} 
29| 
293 


30 

30^ 

30} 

30^ 


31 

311 

31} 

31} 


31| 

32 

32] 

321 


32;- 
32? 

33 

33i 


334 

a4 


Lesaer 
side, 

27} 

in. 

I>e88er 
side, 

28 

in. 

Side  of 

equal 
square. 

•qnan. 

Inches 

27f 

OQi 

2gi 

28| 
28| 
29 

OQi 

28| 
29 
29} 
Mi 

29} 

20  if 

1 

on 

29| 
:)0 

30} 
30J 
Ol 

30| 
31 

3H 

31} 
3lf 

32 

■"it ; 

Sii 

321 
32  i 

321 
321 

32j 

33 
33} 

33{ 

33.1 

33} 

33^ 

34 

333 
34 
34] 
d4i 

34 
34i 

d4t 

I^eseer 

28} 

in. 


Side  of 
equ.-il 
(quare. 


inches. 


28 


34:^ 

34} 


Lfsger 
side, 

29 

in. 


Side  of 
equal 

mimn. 


29 
29} 

m 


30 
30J 

90} 


31 

3U 
31i 

31} 


3lf 
32 

3^^  I 


32.f 

33 

33 

331 


,33} 
33^ 
34 


2Qi 
29} 
29J 
30 


80| 

30a 


tide, 

29^ 


Side  of 
equal 
squaro. 


inches. 


293 
30 

30i 


30^ 
31 

ail 


I  311 

31  i  I  32 

311  32 


32 

32i 

39} 

321 


33 
33| 

33i 


33t 
34 

341 


32i 
32} 
321 

as 


i 

33} 
38| 
34 


34i 

341 

34.', 


341    34}  341 


34f 

35 


35 
35  V 


34*  I   35  Hr,' 

35     35}  I  a&i 


Lesser 

ao 

in. 


Side  of 

equal 

aquarc. 


inches. 


aoi 

90} 


30| 
31 
31  i 

m 


aif 

33 
321 
32} 


32| 
32f 

3:j 

33i 


Lt'sser 
iide, 

30} 

in. 


Side  of 
equal 
square 


34} 

34| 

34^ 

39 


ineltes. 


31 
81} 

31} 

aif 


m 

82} 

321 


33 

33| 

asi 


33}  33| 

33|  34 

34  34^ 

34i  34} 


34^ 
35 

35.1 


Lesser 
lide, 

31 

in. 


Side  of 
equal 
square 


inches. 


31 1 
81} 

31 1 

32 


32| 

m 

322 
33 


33^ 
83} 

33 ' 

331 


34 

34> 

34.= 

34^ 


35 
35| 

35,'. 


35i  I  35^ 


Lesser 
side, 

in. 


Sldeef 

equal 
square 


8lf 

32 

32} 


33 

33} 


33} 
38f 

34 

34j 


84| 

34| 

3d 


35} 
354 
35:} 
36 


anatH 


93 

32} 

33 


33^ 
84 

34} 

35 


3d| 

80 

86^ 

a? 


87} 
38 


30} 
40 

40,1 

41 


35i 

35i 

35^ 

3fi.' 

41} 

36* 

35| 

36 

36} 

42 

35i 

36 

3til 

3(i.i 

3& 

36i 

36^ 

36| 

43' 
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GrcAtei 

side 

1  

32 

In, 

Lester 

•ide, 

32i 

Leaser 
side, 

33 

Lesser 
side, 

33^ 

in. 

Side  of 

Side  of 
■qvwe- 

Side  of 

e^uftl 

BQUftre* 

Lesser 

side, 

34 

tiCMer 

side, 

Lesser 
side. 

lacbes. 

inches. 

Side  of 
equal 
square. 

in. 

34^ 

Lesser 
side. 

laches. 

80 

Side  of 

e^uiil 
squiue 

In. 

in. 

Lesser 

Side  of 
square. 

inches. 

side. 

36 

33 

32i 
32| 
33 

Side  of 
equal 

square. 

side, 

34' 

33 

33i 

33i 

33i 

inches. 

Sirfc  of 

equal 

square. 

in. 

36} 

in. 

Side  of 

Side  of 
equal 

34j 

33J 

33J 

33=f 

34 

34i 

square. 

35 

33J 

33^ 

34 

34} 
34* 

34| 

•Ml 

343 

84| 

square. 

34 

34^ 

35 

35| 

Inches. 

Grcatci 

36 

34 

34i 

35 

m 

m 

391 

inches. 

size. 

37 
38" 

34i 
84| 

343 

34^ 

34| 
84f 

35 

35i 

84| 
35 

35 'j 

35^ 

85 

35 

3^ 

36J 
35} 

3.5^ 

m 

35J 
35J 

3(1 

364 

35| 

36 

364 

3^ 

36 
3(1  A 

36i 

364 
86} 

36a 
37 

36| 

37 

374 

87 

37} 
38 

38J 

35 
354 

m 

35^ 
35| 
355 
36 

35| 
35| 
36 

36 

ml 

36 
86} 

s(n 
36| 

86i 

86| 

37 

374 

36| 
87 

371 

37} 

37 

37i 

37} 

371 

374 
37} 

38 

37} 

37| 

384 

38} 

39 

39} 

40 

40  i 

4r 

4L', 

42' 

mi 

30  i 

36| 

364 
3fl| 
36f 
37 

36| 
37 

37i 

363 
37 
37^ 
37i 

37 
37^ 
37} 
37i 

37* 

373 

as 

37f 

88 

38 

384 

88 

38,1 

3^ 

83} 
38} 

39 

88} 
88} 

39 

89} 

40} 
41 

41} 

4Si 

42J 
43 
43^ 
44 

37 
37 

37^ 

37  V 
37i 
37J 

m 

37J 
37^ 
38 

38 

37J 

38 

38J 

mi 

38 
38 
38i 
38} 

384 
38} 
38? 
39 

38? 
38| 
39 
394 

38| 
39 

391 

39} 

89] 

391 

m 

3<)| 
.39.'. 
39^ 

40 

43 

43.', 

44" 

■44i 

45 

4.5i 

46' 

37 
38 
38i 

381 

38 
38A 

381 

38* 
38i 
38i 

381 

38^ 

39 

39^ 

39 

m 

39} 
39} 

39$ 

rtf)  1 
f  J.  /  i, 

39| 
40 

40 

40 
404 

40} 

4-0 

404 

40} 

40f 

40} 

45 
45} 

46 

40J 
47 

48 

38^ 
38| 
39 

m 

38f 
3!) 

391 

39 

39  i 
39] 

m 

39.'> 
39  ^ 
40 
40 

39J 
40 

m 

40 

404 

40} 

m 

40.^ 
40| 
40| 

41 

m 

41 

414 

41 

411 
41] 

41} 

414 

4n 

41!^ 
415 

46} 

47 

47} 
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Qreatn 

•IM. 

37 
in. 

Lnsscr 
sid'- 

m 

in. 

Lesser 
side, 

38 

la. 

side, 

m 

Side  of 

Side  of 
equal 
square. 

iu. 

Side  of 
■qnarc. 

s  1  d  1^ 

39 

Lf'SSf  T 

side, 

Lessor 

sitlo , 

iaehM. 

Side  of 

m 

40^ 

Inelies 

G(i  111 

40 

inches. 

tnebcs. 

3i«^r'  of 

erjULll 

SidOOf 
equal 

inches. 

Ja. 

Lesser 

37| 

Side  of 

side 

41* 

Lesser 

oo 
oo 

side, 

3Si 

w 

W 

87? 

38 

38 

381 
38* 

Sido  of 
equal 
square. 

inches. 

Side  of 
equal 

toshes. 

Side  of 

40 

401 

OR] 

38J 
39 

391 

Sti} 

39 

39} 

39^ 

39 

39} 

39.J 

39? 

391 

square. 

39J 
40 

equal 
square. 

39| 

40.1 

40i 

inelMs. 

Onatoi 

41' 

aa 

40 

40} 

4(M 

inches. 

dde. 

4U 

42 

42* 

43 

40 

m 

40 

39] 
40 

40} 

40 

40} 

40* 

40 1 
401 
40^- 

41 

40J 
40| 

41 

41^ 

41 

41} 

41* 

41 
41} 
44 
41* 

41} 

4H 

415 

42 

41  ■ 
42 

42} 

42 
42\ 

43 

43* 
44 

44  A 

40 

40 
40* 

401 

40J 
40f 
40| 

41 

40| 
41 
41 
41} 

41 
41} 

41* 

4U 

41.V 

42 

41J 

41  f 

4-2 

42} 

4lf 

42 

4e^ 
42* 

42 

42} 
4-Ji 

42! 

42} 

m 

4-i 

43 

42| 

42i 

43 

43} 

43i 
44 

44J 

45 

45J 
4(1 

46i 

47 

41 
411 

41i 
42 

m 

4lk 
42 

41 1 
42 
42| 
42( 

42 
42} 
42| 
421 

4n 

42| 
42} 
43 

42? 
43" 
43} 

43} 

43 

43} 

43* 

431 

43} 
43^ 
431 

44 

43^ 
43| 
44 
44} 

45} 
46 
46} 
47 

47J 
48 

40 

42 

m 

42J 
42J 

42| 

42} 
42J 
42? 

43 

42f 
43 

43} 

43 

43  ^ 

43  i 

43l 

43} 
43} 
431 
44 

43  ^ 
43t 
44 
44} 

43} 
44 

44* 

44} 

44} 
44* 

441 

44^ 
44} 
443 

40 

47} 

48 

43} 

48 

401 

50 

50i 

01 

42| 

43 

48} 

43} 

43 
43} 
43* 
43 

4Si 

43| 

44 

48| 
4d| 

44 

44} 

44 
44} 
44} 
44i 

44} 
44^ 
443 
45 

44.1 
44^ 
45 

45} 

441 

45 

45} 

45} 

45 

45} 
45| 

m 

45} 
45i 
45f 
46 

49} 

50 

60* 

51 

SI  J 
82 

03 

433 

43| 

44 

441 

44 

44} 

44} 

Ml 

44} 
44^ 
441 
4^ 

44^ 
44| 
45 

40} 

44J 

45 

45} 

40} 

45 

46} 

4S} 

401 

45J 
43} 
45} 

46 

45| 

46 

46 

40 

46} 

46} 

46} 

40} 
46^ 
46| 

47 

51} 

52 
62* 

03 

526 
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■ide. 


42 1 
44^ 


44^ 

45 

46 


46i 

47 

48 


48^ 

49 

80 


60} 

51 
51^ 


52i 
53 

04 


side, 
in. 


Side  of 


42i 

424 

43 


431 
43A 
43| 
44 


44^ 
44| 
44f 
49 


451 

45^ 


46 

46J 
40^ 

461 


side, 
in. 


Sid*  of 
square 


42| 
43 

m 


m 

43} 
44 
44| 


44i 

45 

45} 


4r4 

45| 

46 


46| 

46i 
46| 

47 


47  47} 

47i  47^ 

47i  47i' 

47i  18 


Lesser 
Bi'Ip, 

43 

la. 


Silk  of 

c<,;u;il 


43| 


48} 
44 

44} 
44^ 


44»- 
45 
43^ 
4S} 


455 

46 

46i 

46| 


46| 

46i 

47 

47^ 


47i 

47^ 
48 

m 


Lesser 
side, 

m 

In. 


Side  of 
equal 


431 


44 

44} 
44^ 

44^ 


45 
4di 

4&I 


46 

46] 
40.} 

m 


46? 
47 

47^ 

m 


47} 

4.S 

48] 

48^ 


44 
ia. 


44J 
44^ 
441 

45 


45| 
45] 
453 

46 


m 

m 
47 


m 

47), 

47i 


48 

48J 

48.J 

48$ 


Lesset 
side, 

41^ 

in. 


44f 
45 


45J 
45J 
4(5 
46] 


46& 
4d| 

47 
471 


47  i 
473 
47,^ 

48 


48\ 

48^ 

49 


LcMer 

Lesser 


45 

in. 


r^iilc  of 
square. 


side, 
iu. 


Side  of 
«qtt»] 


451 


i5i 

46 

46} 

46^ 


40^ 
47 
471 
47i 


47| 
48 
481 
481 


48^ 
48| 

49 

491 


45^ 


46 

46it 
46i 

46| 


47 
47J 


48 
48| 

48J 
48^ 


4Sf 
40 

4t)} 

49i 


side, 

46 

In. 


Bide  of 
■qnare. 


Indies. 


4(>i 
4C4 

47 


47J 

47:J 
48 


4dl 
48J 

48| 
49 


49 

iOX 


Leaser 
side, 

46i 

in. 


Side  of 
eqiud 

aqauc 


inches. 


side 


46J 

47 

471 


47^ 
471 

48 

481 


48^ 
481 
49 
481 


49i 
49f 


m  30 


47 

47;i 
48 


48A 
49" 
49^ 

90 


50  i 

51" 

5]^ 

52 


52A 
53* 

54 
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Chreater 
aide. 


Bide, 

47 

in. 


m 

48 

49 


49} 
50 
60i 
51 


51§ 

62 

524 

63 


531 

54 


Side  of 

square, 


47| 
4g 


48} 
48} 
48| 
49 


40| 
49} 
49| 
50 


60} 


Lesser 

47} 

in. 


Side  of 
aqnan. 


incheB. 


47| 
48 

m 


43} 
48J 
49 

491 


49} 
49| 
50 

50} 


60} 

501 


tidu, 

48 

in. 

Lesser 

Lesser 

Sklo  of 
square. 

Hide, 

4Q 

^K' 

in. 

Lesser 

BUM  Of 
equal 
aquate. 

side, 

49} 

In. 

IntihiM. 

Side  of 

equal 
aqcutrt). 

>irte  of 

iquue. 

inches. 

48} 

48} 

48,' 

incbol,. 

48J 
49 
49} 
49} 

49 

49} 

49} 

4d| 

49} 
49} 
49^ 
50 

491 

.50 

50i 

50 
50} 

50} 

50 
50} 

5ft  .1 

501 

60} 
50} 

50^ 
51 

50} 
60| 

51 
511 

009 
61 

61 

6U 

61} 
(HI 

61} 

Leiflcr 

side, 

60 

in. 


Side  oi 
equal 


indie*. 


00} 


60i 
51 

511 
51} 


61| 
OS 


Lesser 
side, 

80} 

in. 


SiJo  o.' 


sMe, 

51 

iii4 


Side  of 

Square. 


501 


61 
51} 

5U 


62 


indies. 


51} 
61} 

6H 

52 


62} 

52} 


Silll', 

51} 

in. 


Side  of 
Bqawe. 


inches. 


61f 

52 

52} 


62} 
^1 


ride. 


69 

52? 
53 


5.3  i 

54" 


Greater 

Bide. 


Leaier 

side, 

52 

in. 


Leader 
side, 

m 

in. 


SM<»  of 

^■'i^'-^'    Side  of 


si^iuare. 


incbeg. 

inches. 

62} 

62| 

63 

52} 

m 

521 

64' 

53 

Lesser 
tide, 

53 

in. 


eqiud 
•qoare. 


Side  of 
I  equal 
Isqaan. 


inches. 


m 

53} 


Lesser 
side, 

in. 


Bide  of 
eqml 

sqwre, 


63i 


inches, 


Lcsaer 


64 

is. 


Side  of 
cqnel 


64 


528 


TlMBSai  TABLES. — ^No. 


TIMBER  TABLES,  No.  m. 
Tablet  of  Superfidal  or  Flat  Measitn. 

These  Tables  oommencc  with  1  inch  in  width,  and  extend  by 
the  progressive  addition  of  an  inch  up  to  2  feet,  and  £rom  thence 
by  the  addition  of  2  inches  up  to  10  feet 

The  first  and  Mth.  columns  contain  the  lengths  firom  1  inch  to  30 
feet.  The  remaining  oolimins  contain  the  superfidal  contents  due 
to  any  given  len^h  and  width,  the  columns  of  which  intersect 
each  other  in  the  positioiis  in  which  such  quantities  severally 
stand. 

The  use  of  the  Tables  is  too  obvious  to  require  eonunent 

Ex,  I. — ^Required  the  supexfidal  content  of  a  boaid  19  feet  long 
and  16  inches  broad. 

In  page  531,  opposite  19  feet  long,  and  under  1  foot  4  inches 
broad,  stands  25  feet  4  inches,  the  content  required. 

Ex,  2.  The  side  of  a  room  9  feet  10  inches  high,  is  26  feet  7 
inches,  what  is  its  superficial  content? 

In  page  540,  under  9  ft.  10  in.       Ft.  In.     Ft.  In. 

brood  and  opposite   2U    0  is  255  8 

0     7  id     5  8 


26    7     261  4 


SUPERnCIAL  MEASmCE.  529 


Lcngtlu. 

wide. 

2  inclics 
wide. 

3  inches 
1  uidu. 

Lengths. 

1 

J  4  inches 
wide. 

5  inclics 
wide. 

6  Inches 
wide 

ft.  in. 

ft. 

ia. 

ft. 

in. 

ft. 

iD. 

ft. 

in. 

ft. 

in. 

ft.  in. 

ft.  in. 

0  1 

0 

0 

0 

0 

0 

1 

4 

0 

1 

0 

f 

0  \ 

0  I 

0  2 

0 

0 

0 

4 

0 

0 

2 

0 

3 

0  1 

0  i 

0  3 

0 

X 

f 

0 

1 

0 

T 

0 

3 

0 

1 

0  1 

0  1 

0  4 

0 

1 

i 

0 

0 

I 

0 

4 

0 

I 

0  1 

0  2 

0 

i 

0 

0 

1 

0 

o 

(* 

I 

I  ■ 

0  6 

0 

\ 

0 

0 

1 

0 

6 

G 

2 

0  2 

0  3 

0  7 

I 

2 

0 

1 

0 

1 

0 

7 

0 

2 

0  2 

0  3 

0  8 

0 

X 

2 

\ 

0 

1 

0 

2 

0 

8 

0 

2 

0  3 

0  4 

0  9 

0 

0 

1 

0 

2 

0 

9 

0 

3 

0  3 

0  4 

0 

.1 
•l' 

0 

1 

0 

2 

0 

10 

0 

3 

n  A. 

0  11 

0 

?l 
T 

0 

1 

0 

2 

0  11 

0 

3 

0  4 

0  5 

1  0 

0 

I 

0 

2 

0 

3 

1 

0 

0 

4 

0  5 

0  G 

2  0 

0 

2 

0 

4 

0 

G 

2 

0 

0 

0  10 

1  0 

8  0 

0 

a 

0 

6 

0 

9 

3 

0 

1 

0 

1  "3 

1  (5 

0 

4 

0 

8 

1 

0 

4 

1 

4 

"2  0 

5  0 

0 

5 

0  10 

1 

3 

5 

I 

2 

8 

2  1 

2  6 

6  0 

0 

C 

1 

0 

1 

6 

6 

0 

2 

0 

2  6 

3  0 

7  0 

0 

7 

i 

2 

1 

9 

7 

0 

2 

4 

2  11 

3  O 

8  0 

0 

8 

1 

4 

2 

0 

8 

0 

2 

8 

8  4 

4  0 

0  0 

0 

9 

1 

0 

o 

3 

0 

0 

3 

0 

10  0 

0  10 

1 

8 

2 

6 

10 

0 

3 

4  2 

d  0 

11  0 

0  11 

1 

o 

0 

11 

0 

3 

8 

4  7 

5  0 

13  0 

1 

0 

0 

3 

0  1 

12 

0 

4 

0 

5  0 

6  0 

13  0 

1 

1 

2 

8 

8 

18 

0 

4 

4 

5  5 

6  6 

M  0 

1 

2 

2 

4 

3 

6 

14 

0 

4 

8 

7  0 

Id  0 

1 

3 

2 

e 

3 

8 

15 

0 

0 

8  3 

7  6 

Ifi  0 

1 

4 

2 

8 

4 

0 

10 

0 

5 

4 

C)  8 

17  0 

1 

5 

2 

10 

4 

3 

17 

0 

8 

7  1 

8  G 

18  0 

1 

G 

3 

0 

4 

6 

18 

6 

0 

7  6 

9  0 

19  0 

1 

7 

3 

2 

4 

0 

10 

0  ! 

() 

4 

7  1 T 

0  6 

20  0 

1 

8 

3 

4 

5 

0 

20 

0 

G 

8 

8  4 

10  0 

•2J  0 

1 

9 

3 

6 

5 

3 

21 

0 

7 

0 

8  0 

10  G 

22  0 

1 

10 

3 

8 

d 

6 

22 

0 

7 

4 

9  2 

11  0 

28  0 

1 

11 

8 

10 

5 

9 

23 

0 

7 

8 

9  7 

11  6 

■21  0 

•2 

0 

4 

0 

0 

0 

•24 

() 

s 

0 

10  0 

12  n 

25  0 

% 

1 

4 

% 

6 

9 

25 

0  , 

8 

4 

10  5 

12  8 

20  0 

2 

o 

■I 

1 

G 

6 

26 

0 

8 

8 

10  10 

13  0 

27  0 

o 

3 

4 

0 

G 

9 

'37 

0 

9 

0 

11  3 

13  6 

38  0 

o 

4 

4 

8 

7 

0 

-28 

0 

0 

4 

11  8 

14  0 

■Jl)  0 

•> 

4 

10 

7 

3 

■2!» 

0 

y 

H 

1-2  1 

14  6 

30  0 

% 

6 

9 

0 

7 

6 

30 

0 

10 

0 

12  6 

Id  0 

530 


TTMBFI>.  T A I'.I J .  Nn 


Leogihs. 


7  inches 
wide. 


8  inches 
^rida. 


9  inches 
wide. 


ft. 

Ul. 

ft. 

in. 

ft. 

io. 

ft. 

ill. 

ft. 

ia. 

ft. 

io. 

ft. 

in. 

ft.  ID 

0 

1 

0 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0  1 

0 

2 

0 

i 

0 

I 

X 

0 

1 

0 

2 

0 

1 

0 

1 

U  m 

0 

3 

0 

1 

0 

0 

0 

2 

0 

3 

0 

o 

0 

2 

0  3 

0 

4 

0 

2 

0 

2 

0 

3 

0 

4 

0 

3 

u 

3 

0  4 

0 

5 

0 

2 

0 

3 

0 

3 

0 

5 

0 

4 

0 

4 

0  .3 

0 

e 

0 

3 

0 

4 

0 

4 

0 

6 

0 

0 

0 

5 

0  6 

0 

7 

0 

4 

0 

4 

0 

5 

0 

7 

0 

6 

0 

6 

A  9 
V  # 

0 

8 

0 

4 

0 

5 

0 

6 

0 

8 

0 

6 

0 

4 

0  8 

0 

9 

0 

5 

0 

r> 

0 

6 

0 

d 

0 

7 

0 

8 

0  9 

0 

10 

0 

5 

0 

G 

0 

7 

0 

10 

0 

8 

0 

9 

0  10 

ou 

0 

6 

0 

7 

0 

8 

on 

0 

9 

010 

oil 

1 

0 

0 

7 

0 

8 

0 

g 

1 

0 

0  10 

0  11 

1  0 

2 

1 

3 

1 

4 

I 

6 

2 

0 

1 

8 

1 

10 

2  0 

3 

1 

9 

2 

0 

2 

3 

8 

0 

2 

6 

2 

9 

3  0 

4 

9 

4 

2 

8 

8 

0 

4 

0 

8 

4 

8 

8 

4  0 

9 

2U 

3 

4 

8 

9 

0 

0 

4 

9 

4 

7 

5  0 

6 

0 

8 

6 

4 

0 

4 

A 

6 

0 

6 

0 

5 

6. 

A  A 

7 

0 

4 

1 

4 

8 

6 

8 

7 

0 

6 

10 

6 

5 

7  0 

8 

0 

4 

8 

6 

4 

6 

0 

8 

0 

6 

8 

7 

4 

8  0 

9 

0 

6 

3 

6 

0 

6 

9 

9 

0 

7 

6 

8 

3 

9  0 

10 

0 

510 

6 

8 

7 

6 

10 

0 

8 

4 

9 

9 

10  0 

11 

0 

6 

6 

7 

4 

g 

11 

0 

9 

2 

10 

1 

11  0 

12 

0 

7 

0 

8 

0 

9 

0 

12 

0 

10 

0 

11 

0 

12  0 

la 

0 

7 

7 

8 

8 

9 

9 

13 

0 

10 

10 

11 

11 

13  0 

14 

0 

8 

2 

0 

4 

10 

G 

14 

0 

11 

8 

12  10 

14  0 

Iff 

0 

8 

9 

10 

0 

U 

3 

10 

0 

19 

6 

13 

9 

15  0 

16 

0 

9 

4 

10 

8 

12 

0 

16 

0 

13 

4 

14 

8 

16  0 

17 

0 

9  11 

11 

4 

12 

9 

17 

0 

14 

2 

15 

7 

17  0 

18 

0 

10 

6 

12 

0 

13 

6 

18 

0 

15 

0 

16 

G 

18  0 

19 

0 

U 

1 

12 

8 

14 

3 

19 

0 

15 

10 

17 

5 

19  0 

SO 

0 

U 

8 

13 

4 

10 

0 

90 

0 

16 

8 

18 

4 

90  0 

0 

12 

3 

14 

0 

15 

9 

21 

0 

17 

6 

19 

3 

21  0 

oo 

0 

12 

10 

14 

8 

16 

6 

22 

0 

18 

4 

20 

2 

22  0 

'23 

0 

13 

5 

15 

4 

17 

3 

23 

0 

10 

2 

21 

1 

23  0 

24 

0 

14 

0 

16 

0 

18 

0 

24 

0 

20 

0 

22 

0 

24  0 

95 

0 

14 

7 

16 

8 

18 

9 

26 

0 

90  10 

99U 

99  0 

96 

0 

15 

2 

17 

4  ' 

19 

6 

28 

0 

21 

8 

23  10 

26  0 

27 

0 

1$ 

9 

18 

0 

20 

8 

27 

0 

22 

6 

24 

9 

27  0 

28 

0 

IB 

4 

18 

8 

21 

0 

28 

0 

23 

4 

25 

8 

28  0 

29 

0 

16  11 

19 

4 

2i 

9 

29 

0 

24 

2 

28 

7 

29  0 

ao 

0 

17 

6 

90 

0 

98 

6 

30 

0 

95 

0 

97 

6 

30  0 

Leogtha. 


10  inches  11  inche8l9  inotkec 


wide. 


widei. 


vide. 


SUPERFICIAI.  MEASURE.  5^1 


Lengths. 

Ift.  lin. 
wide. 

Ifb. 
wide. 

la.  Sin. 
vnde. 

Lengths. 

1^.  4is. 
widi. 

1ft.  5in. 
wide. 

1ft.  6in. 
wide. 

it.  iu. 

fl.  in. 

It.  in. 

ft.  in. 

a.  in. 

it  ia. 

ft.  in. 

ft.  in. 

0  1 

0  2 
0  3 
0  4 
0  5 

0  6 

0  7 
0  8 
0  9 
0  10 

0  n 

1  0 

2  0 

3  0 

4  (» 

5  0 

6  0 

7  0 

8  0 
0  0 

10  0 

11  0 

12  0 

13  0 

U  0 

15  0 

16  0 

17  0 

18  .0 

19  0 

20  0 

21  0 

22  0 

23  0 

24  0 
29  0 

26  0 

27  0 

28  0 

29  0 

90  0 

0  1 

0  2 
0  8 
0  4 
0  6 

0  6 

0  7 
0  8 
0  9 

0  10 

ou 

1  1 

2  2 

3  3 

4  4 

5  5 

C  6 

7  7 

8  8 

i)  \' 

1010 

11  11 

13  0 

14  1 

16  3 

17  4 

18  -) 

19  6 

20  7 

21  8 

22  0 

0.!  10 
24  11 
26  0 

87  1 

28  2 

29  3 

30  4 

31  a 

32  6 

0  1 

0  2 
0  8 
0  4 
0  5 
0  7 

0  8 
0  0 
0  10 

0  11 

1  0 

1  2 

2  4 

3  6 

4  8 

5  10 

7  0 

8  2 
0  4 

1 1 1  (3 
U  8 

12  10 

14  0 

15  2 

W  4 

17  6 

18  8 

19  10 

21  0 

22  2 

23  4 

24  6 

25  8 

26  10 

28  0 

29  2 

30  4 

31  6 

32  8 

33  10 

35  0 

0  1 

0  2 

0  a 

0  4 

0  5 

0  7 

0  8 
0  9 

0  IJ 

1  0 

I  1 

1  3 

2  6 

3  9 

5  0 

6  3 

7  6 

8  9 
10  0 

II  8 
12  6 

18  9 

15  0 

16  8 

17  6 

18  9 

20  0 

21  8 

22  6 

28  9 

29  0 

26  8 

27  G 

28  9 
80  0 

31  3 

32  6 

33  «) 

35  0 

36  3 

37  6 

0  1 
0  2 
0  8 
0  4 
0  5 
0  6 

0  7 

0  8 
0  9 

0  10 

OU 

1  0 

2  0 

3  0 

4  U 

5  0 

6  0 

7  0 

8  0 

9  0 

10  0 

11  0 

12  0 
18  0 

14  0 

15  0 

16  0 

17  0 

18  0 

19  0 

20  0 

21  0 

22  0 

23  0 

24  0 

25  0 

•26  it 

27  0 

28  0 

29  0 

30  0 

0  1 
0  2 
0  4 
0  5 
0  6 

0  8 

0  9 

0  10 

1  0 

1  1 
1  2 

1  4 

2  8 

4  0 

5  4 

6  8 

8  0 

9  4 
10  8 

12  0 

13  4 

14  8 

16  0 

17  4 

18  8 

20  0 

21  4 

22  8 
24  0 
26  4 

28  8 

28  0 

29  4 

30  8 
32  0 

38  4 

34  8 
36  0 
87  4 
38  8 

40  0 

0  1 

0  2 
0  4 
0  6 
0  7 

0  8 

0  0 

0  n 

1  0 

1  2 

I  3 

1  6 

2  10 
4  3 
o  8 

7  1 

8  0 

9  11 

II  4 
12  9 
14  2 

16  7 

17  0 

18  5 

19  10 

21  3 

22  8 
24  1 
26  6 

20  11 

28  4 

29  9 

31  2 

32  7 
34  0 

39  5 

36  10 

38  3 

39  8 

41  1 

42  6 

0  1 
0  3 
0  4 
0  6 
0  7 

0  9 

0  10 

1  0 

1  1 
1  a 
1  4 

1  6 

3  0 

4  G 

0  i) 
7  8 

9  0 
10  6 

12  0 

13  6 

15  0 

16  6 

18  0 

19  6 

21  0 

22  6 

24  0 

25  6 

27  0 

28  6 

30  0 

31  6 

33  0 

34  6 

36  0 

37  6 

39  0 

40  6 

42  0 

43  6 
45  0 

532 


TDIEBR  TiBLES.-~No.  S, 


Lengths. 


ft*  SD. 


0  1 

0  2 

0  3 

0  4 

0  6 

0  6 

0  7 

0  8 

0  1) 

0  10 

0  11 


1 

2 
3 
4 
5 


0 
0 
0 
0 

0 


6  0 

7  0 

8  0 

9  0 

10  0 

11  0 

12  0 

13  0 

14  0 

15  0 

16  0 

17  0 

18  0 

19  0 

2a  0 

21  0 

22  0 

23  0 

24  0 

96  0 

26  0 

27  0 

28  0 

-'0  r» 

0 


1ft.  Tin. 
wide. 


ft  in. 


0  1 

0  8 

0  4 

0  6 

0  7 

0  9 

0  11 

1  0 
1  2 
1 
1 

1 
3 
4 
G 


3 
5 

7 
2 
9 
4 

7U 

9  a 

11  1 

12  8 
14  3 

1010 

17  & 

19  0 

20  7 
22  2 
33  9 

25  4 

26  11 

28  6 

30  I 

31  8 

38  3 
84  10 

38  0 

39  7 

41  2 

42  9 

44  4 

45  11 

17  6 


1ft.  8in. 
wide. 


ft.  in. 


0  1 

0  3 

0  5 

0  6 

0  8 

010 

0  11 

1  1 

1  3 
1  4 

1  6 


1 

8 
6 


8 
4 

0 


6  8 

8  4 

10  0 

11  8 

13  i 

16  0 

16  8 

18  4 

20  0 

21  8 
28  4 
95  0 

26  8 

28  4 

80  0 

81  8 
33  4 

8d  0 

86  8 

38  4 

40  0 

41  8 

48  4 

46  0 

4G  8 

48  4 

50  0 


Ift.  9io. 
wide. 


ft.  is. 


0  1 

O  3 

0  5 

0  7 

0  8 

010 

1  0 
1  2 

1  3 

1  5 

1  7 

1  9 

3  6 

6  8 

7  0 

8  9 

10  6 

12  8 

14  0 

15  9 

17  6 

19  3 

21  0 

22  9 
24  6 

96  3 

28  0 

20  0 
81  6 
83  8 

35  0 

36  9 
88  6 

40  3 

42  0 

43  9 

45  6 

47  8 

49  0 

50  9 

92  6 


Lengtlu. 


[Ift.  lOin.  lift.  llin. 
wide.  '  wide. 


ft.  in. 


0  1 
0  2 
0  3 


0 
0 

0 


4 

6 


0  7 
0  8 
9  9 
0  10 

on 


1 

2 

3 
4 

0 


0 
0 

0 
0 

0 


a  0 

7  0 

8  0 

9  O 

10  0 

11  0 

12  0 

13  0 

14  0 

15  0 

16  0 

17  0 

18  0 

19  0 
93  0 

21  0 

22  0 

2n  0 

24  0 

95  0 

26  0 

27  0 

•2S  0 

29  0 

30  0 


ft.  in. 


1 

3 


0 
0 

0  -) 

0  7 
0  9 

Oil 


1 
1 
1 
1 
1 


(» 

2 

4 
6 

8 


1  10 
3  8 
5  6 
7  4 

9  9 

11  0 

12  10 

14  8 
16  6 

18  4 

20  2 

22  0 

23  10 
25  8 

97  6 

29  4 
81  2 

33  0 
84  10 

36  8 

88  6 

40  4 

42  2 

44  0 

45  10 

47  8 

49  6 

51  4 

53  2 

05  0 


ft.  in. 


0  1 

0 

2 

0  3 

0 

4 

U  5 

0 

6 

0  7 

0 

8 

0  9 

0  10 

0  11 

1 

0 

1  1 

1 

2 

1  :i 

1 

4 

1  5 

1 

0 

1  7 

1 

8 

1  9 

110 

1  11 

2 

0 

3  10 

4 

0 

5  9 

6 

0 

7  8 

8 

0 

9  7 

10 

0 

11  6 

12 

0 

13  5 

14 

0 

15  4 

16 

0 

17  3 

18 

0 

19  9 

90 

0 

21  1 

23 

0 

23  0 

24 

0 

24  11 

26 

0 

26  10 

28 

0 

98  9 

30 

0 

30  8 

82 

0 

82  7 

84 

0 

n  6 

36 

0 

36  d 

38 

0 

38  4 

40 

0 

40  8 

42 

0 

42  2 

44 

0 

44  1 

46 

0 

40  0 

48 

0 

4711 

50 

0 

49  10 

62 

0 

61  9 

64 

0 

53  8 

66 

6 

65  7 

68 

0 

07  6 

60 

0 

8ft.  Oin. 
wide. 


ft.  in. 


Lengths. 

2ft.  2in, 
wide. 

2ft.  4in* 
wide. 

2ft-  6in. 
wide. 

Lengths* 

9ft.  Sin. 
wide- 

9ft.l0in. 
wide. 

8ft-  Oin. 
wide. 

ft.  in. 

ft.  in. 

fit.  in. 

ft  in. 

ft.  in. 

ft.  in. 

ft.  in- 

ft.  in. 

0  1 
0  2 
0  3 

0  4 

()  5 

0  6 

0  7 
0  8 
0  9 
0  10 

0  11 

1  0 

2  0 

3  0 

4  0 

5  0 

6  0 

7  0 

8  0 
0  0 

10  0 

11  0 

12  0 

13  0 

14  0 

15  0 

10  0 

17  0 

18  0 
10  0 

90  0 

21  0 

22  0 

23  0 

24  0 

95  0 

26  0 

27  0 

28  0 
20  0 

30  0 

0  2 
0  4 
0  6 

0  8 

0  10 

1  1 

1  3 
1  6 
1  7 

1  0 
lU 

2  2 

4  4 
0  6 
8  8 

1010 

13  0 
15  2 
17  4 
10  0 
ISl  8 

23  10 

26  0 
28  2 
30  4 

38  6 

34  8 

36  10 

39  0 
41  2 

43  4 

45  6 
47  8 
49  10 
52  0 

54  9 

66  4 
68  6 

60  8 
62  10 

65  0 

0  2 
0  4 
0  7 
0  9 

0  11 

1  9 

1  4 

I  6 
1  9 

1  11 

8  1 

2  4 
4  8 
7  0 

9  4 
U  8 

14  0 
10  4 
18  8 
21  0 
93  4 

26  8 
28  0 
30  4 
32  8 
35  0 

37  4 

39  8 
42  0 
44  4 

46  8 

•19  0 
51  4 
53  8 
66  0 

58  4 

60  B 
68  0 

65  4 
07  8 

70  0 

0  2 
0  6 
0  7 

0  10 

1  0 

1  3 

1  5 
1  8 

1  10 

2  1 

9  3 

2  6 
S  0 
7  6 

10  0 

19  6 

16  0 

17  6 

20  0 
22  6 
25  0 

27  6 

30  0 
32  6 
85  0 

37  6 

40  0 

42  6 
45  0 
47  6 

GO  0 

,    .',r,  0 
57  6 
CO  0 

62  6 

65  0 
67  6 
70  0 
72  6 
75  0 

0  1 

0  2 
0  3 
0  4 

0  5 

0  6 

0  7 

0  8 
0  9 

0  10 

OU 

1  0 

2  0 

3  0 

4  0 

5  0 

6  0 

7  0 

8  0 
0  0 

10  0 

11  0 

12  0 

13  0 

14  0 

15  0 

16  0 

17  0 

18  0 

19  0 

20  0 

21  0 

22  0 

23  0 

24  0 

25  0 

26  0 

27  0 

28  0 

29  0 

30  0 

0  2 
0  6 

0  8 

0  10 

1  1 

1  4 

1  6 

1  9 

2  0 

2  5 

2  8 
5  4 
8  0 
10  8 

13  4 

16  0 

IR  8 
21  4 
24  0 

96  8 

29  4 

32  0 
84  8 
87  4 

40  0 

42  8 
45  4 
48  0 

60  8 
93  4 

56  0 
58  8 

61  4 
64  0 

66  8 

60  4 

72  0 

I    74  8 
77  4 

80  0 

0  2 

0  5 
0  8 

0  11 

1  2 

I  5 

1  7 

1  10 

2  I 

■j  1 

9  7 

2  10 
5  8 

8  6 

II  4 

14  9 

17  0 

10  10 
22  8 
25  6 

98  4 

31  2 
34  0 
36  10 
30  8 
49  6 

45  4 

48  2 

61  0 
63  10 

06  8 

59  6 

62  4 
65  2 
68  0 

7010 

73  8 
76  6 

70  4 
82  2 

85  0 

0  3 
0  6 

0  9 

1  0 
1  3 

1  6 

1  9 

2  0 

2  3 

■J  G 

2  9 
d  0 

6  0 
9  0 
12  0 
15  0 

18  0 

21  0 
24  0 
27  0 

30  0 

33  0 
36  0 
39  0 
42  0 
45  0 

48  0 

51  0 
64  0 

67  0 
60  0 

68  0 

66  0 

69  0 
72  0 

79  0 

78  0 
81  0 

81  0 
87  0 

90  0 
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Len 

3ft.  2in< 

3ft.  4in. 

3ft. 

6in- 

3ft.  Sin- 

3ft.  IQIn. 

4ft.  Oln. 

gths. 

wide. 

inidc. 

wide. 

Lengths. 

wide. 

wide. 

wide 

ft. 

in. 

ft. 

in. 

ft. 

in. 

fk. 

in. 

III* 

•Ui< 

ft. 

in. 

ia. 

ft. 

AIM 

in. 

0 

1 

0 

3 

0 

8 

A 

o 
w 

0 

1 

0 

3 

0 

3 

A 
V 

A 

0 

o 

0 

6 

0 

6 

7 

0 

2 

0 

7 

0 

7 

n 

o 

o 

0 

3 

0 

9 

0  10 

0 

8 

0 

11 

0 

11 

U 

0 

4 

1 

0 

1 
1 

1 

1 

2 

0 

4 

1 

2 

1 

8 

1 

4 

0 

5 

1 

3 

1 
1 

4 
4 

1 

5 

n 

1 

6 

1 

7 

1 

8 

0 

6 

1 

7 

1 

Q 

o 

X 

Q 
O 

0 

6 

110 

1  U 

S8 

A 
U 

0 

7 

1 

10 

1 

11 

A 
U 

0 

7 

2 

1 

2 

2 

0 

A 
% 

0 

8 

2 

1 

2 

2 

o 
i 

A 
ft 

0 

8 

2 

d 

2 

6 

o 
» 

o 

0 

9 

2 

4 

A 

A 

t» 

2 

0 

9 

2 

0 

2  10 

3 

0 

0 

10 

2 

7 

Z 

n 
V 

2 

11 

0 

10 

3 

0 

3 

3 

4 

0  11 

210 

Q 
O 

A 

q 

9 
A 

Oil 

3 

4 

3 

6 

q 
w 

Q 
O 

1 

0 

3 

2 

3 

4 

Q 
O 

R 
D 

1 

0 

8 

8 

3 

10 

A 

2 

0 

6 

4 

6 

8 

U 

2 

0 

7 

4 

7 

8 

o 

A 

8 

0 

0 

6 

1 A 

111 

A 

V 

10 

6 

3 

0 

11 

0 

11 

6 

12 

0 

4 

0 

I  2 

S 

* 

'I 

14 

0 

4 

0 

14 

8 

15 

4 

v\ 

D 

0 

Id  10 

1,0 

Q 
0 

i./ 

fi 
o 

0 

0 

18 

4 

19 

2 

on 

n 
U 

0 

19 

0 

20 

0 

oi 
VI 

A 
V 

6 

0 

22 

0 

23 

0 

OA 

A 

yt 

t 

0 

22 

2 

2S 

4 

O 

7 

0 

25 

8 

26 

10 

■  |^ 

If 

8 

0 

25 

4 

2b 

28 

0 

8 

0 

29 

4 

30 

8 

32 

0 

9 

f) 

6 

30 

0 

31 

6 

9 

0 

0 

34 

(S 

30 

0 

10 

0 

31 

8 

oo 
OO 

A 
U 

10 

0 

36 

8 

38 

4 

vu 

A 

u 

11 

0 

34 

10 

36 

8 

OO 

(i 

o 

11 

0 

40 

4 

42 

2 

44 

A 

u 

12 

0 

38 

0 

40 

u 

1-2 

0 

44 

0 

46 

0 

4n 

1) 

13 

0 

41 

o 

43 

4 

45 

f) 

\'\ 

0 

47 

8 

49 

10 

0 

11 

0 

44 

4 

s 

49 

0 

14 

0 

ol 

4 

53 

,s 

0 

15 

0 

47 

6 

0 

a 
O 

15 

0 

55 

0 

57 

6 

fin 

A 

u 

16 

0 

50 

8 

58 

4 

OO 

A 
V 

16 

0 

58 

8 

01 

4 

D4 

A 

V 

17 

0 

63 

10 

56 

8 

/> 

u 

17 

0 

02 

4 

66 

o 

68 

I) 

18 

0 

57 

0 

60 

0 

63 

0 

18 

0 

m 

0 

69 

0 

72 

0 

19 

0 

6;j 

4 

66 

(1 

19 

0 

m 

8 

72 

10 

7G 

0 

20 

0 

es 

4 

66 

8 

70 

0 

20 

0 

73 

4 

76 

8 

80 

0 

21 

0 

66 

6 

70 

0  1 

78 

6 

21 

0 

77 

0 

80 

6 

84 

0 

22 

0 

69 

8 

73 

4 

77 

0 

OO 

0 

W) 

8 

84 

4 

88 

0 

23 

0 

72  10 

76 

s 

80 

6 

2d 

0 

84 

4 

88 

2 

92 

0 

24 

0 

76 

0 

80 

0 

84 

0 

34 

0 

88 

0 

92 

0 

96 

0 

29 

0 

79 

8 

83 

4 

87 

6 

25 

0 

91 

8 

9010 

100 

0 

26 

0 

82 

4 

86 

s 

91 

0 

26 

0 

06 

4 

99 

8 

104 

0 

27 

0 

85 

C 

90 

0 

94 

n 

27 

0 

90 

0 

103 

6 

108 

0 

28 

0 

88 

8 

93 

4 

98 

0 

28 

0 

102 

8 

107 

4 

112 

0 

29 

0 

91 

10 

96 

8 

101 

0 

20 

0 

106 

4 

111 

2 

116 

0 

SO 

0. 

96 

0 

100 

0 

100 

0 

30 

0 

UO 

0 

115 

0 

120 

0 
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Lengths. 


0 
0 
0 
0 
0 
0 


1 

3 
4 
6 
6 


0  7 

0  8 
0  9 

0  10 

Oil 

1  0 

2  0 

3  0 


4 

5 

0 
7 

8 


0 

0 

0 

0 
0 


9  0 

10  0 

11  0 

12  0 

1  () 

14  () 

15  0 

16  0 

17  0 

18  0 

19  0 

m  0 

21  0 
0 

S3 
24 


0 
0 

0 


26  0 

27  0 

28  0 

29  0 

30  0 


4^  2u^« 

4ft.  4iD- 

4ft.  Sin. 

4£t.  8in. 

4ft.  lOin. 

9ft.  Gin. 

wide. 

wide. 

Ijengths. 

wide. 

wide. 

wide. 

ft.  m. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

0  4 

0 

4 

0 

4 

0 

1 

0 

4 

0 

4 

0 

5 

0  8 

0 

6 

0 

9 

0 

2 

0 

9 

0 

9 

0 

10 

1  0 

1 

1 

1 

1 

0 

3 

1 

2 

1 

o 

1 

3 

1  4 

1 

5 

1 

6 

0 

4 

1 

6 

1 

7 

1 

8 

1  8 

1 

9 

1  10 

0 

6 

1 

11 

•2 

0 

2 

1 

8  1 

2 

2 

2 

3 

0 

6 

2 

4 

2 

0 

2 

6 

2  6 

2 

6 

2 

7 

0 

7 

2 

8 

2 

9 

11 

2  9 

0 

10 

3 

0 

0 

8 

3 

1 

3 

2 

3 

4 

8  1 

3 

3 

3 

4 

0 

9 

li 

6 

3 

7 

3 

0 

8  5 

8 

7 

3 

9 

0 

10 

3 

10 

4 

0 

4 

3 

3  9 

311 

4 

1 

ou 

4 

3 

4 

0 

4 

7 

w 

4  2 

4 

4 

4 

6 

1 

0 

4 

8 

4 

10 

5 

0 

8  4 

8 

8 

9 

0 

2 

0 

9 

4 

9 

8 

10 

0 

12  6 

13 

0 

13 

6 

3 

0 

14 

0 

14 

6 

15 

0 

16  8 

17 

A 

18 

0 

U 

18 

19 

4 

30 

0 

20  10 

21 

8 

22 

6 

5 

0 

23 

4 

94 

2 

29 

0 

25  0 

26 

0 

27 

0 

G 

0 

28 

0 

29 

0 

30 

0 

29  2 

30 

4 

31 

6 

7 

0 

82 

8 

83  10 

86 

0 

33  4 

34 

8 

36 

0 

8 

0 

37 

4 

38 

40 

0 

37  6 

39 

0 

40 

6 

9 

0 

42 

0 

43 

6 

45 

0 

41  8 

43 

4 

40 

0 

10 

0 

48 

8 

48 

4 

90 

0 

45  10 

47 

8 

49 

a 

11 

0 

61 

4 

53 

2 

55 

0 

50  0 

52 

0 

54 

0 

12 

0 

66 

0 

58 

0 

60 

0 

r>4  2 

50 

4 

68 

6 

13 

0 

60 

8 

62 

10 

65 

0 

68  4 

60 

8 

63 

0 

14 

0 

65 

4 

67 

8 

70 

0 

08  6 

69 

0 

87 

6 

19 

0 

70 

0 

72 

6 

79 

0 

06  8 

69 

4 

72 

0 

16 

0 

74 

8 

77 

4 

80 

0 

70  10 

73 

8 

76 

6 

17 

0 

79 

4 

82 

2 

85 

0 

75  0 

78 

0 

81 

0 

18 

0 

84 

87 

0 

00 

0 

79  2 

82 

4 

83 

6 

19 

0 

88 

8 

91 

10 

95 

0 

83  4 

86 

8 

SO 

0 

20 

0 

83 

4 

96 

8 

100 

0 

87  6 

91 

0 

94 

6 

21 

0 

08 

0 

101 

6 

105 

0 

91  8 

95 

4 

99 

0 

22 

0 

102 

8 

106 

4 

no 

0 

05  10 

99 

« 

103 

6 

23 

0 

107 

4 

111 

2 

115 

0 

inn  n 

104 

0 

108 

0 

24 

0 

112 

0 

1  lf> 

0 

fl 

104  8 

108 

4 

112 

6 

25 

0 

116 

8 

120  10 

125 

0 

108  4 

112 

8 

117 

0 

26 

0 

121 

4 

125 

8 

130 

0 

112  6 

117 

0 

121 

6 

27 

0 

126 

0 

130 

6 

135 

0 

IIG  8 

121 

4 

126 

0 

28 

0 

8 

135 

4 

140 

0 

12U  K  l 

8 

130 

6 

29 

0 

135 

4 

140 

o 

145 

0 

125  0 

130 

0 

135 

0 

30 

0 

140 

0 

145 

0 

150 

0 
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9ft.  gin. 
vide. 

9ft-  4in- 

5ft.  6  in. 

wide. 

Lengtiks. 

9ft.  8m. 
wide. 

5ft.  IQin 

wide. 

6ft.  Oin. 
wide. 

ft.  in. 

ft.  IB. 

ft.  In* 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

0  1 

a  2 

0  3 

0  4 
0  6 
0  6 

0  7 
0  8 

0  9 

0  10 

0  11 

1  0 

2  0 

8  0 

4  0 

5  0 

0  0 

7  0 

8  0 

9  0 

10  0 

11  0 

12  0 

13  0 

14  0  • 

Id  0 

in  0 

17  0 

18  0 

19  0 

20  0 

21  0 

22  0 

23  0 

24  0 
29  0 

26  0 

27  0 

28  0 

29  0 

30  0 

0  5 

0  10 

1  8 

1  R 

2  1 

2  7 

3  0 
3  5 

3  10 

4  3 

4  8 

6  2 
10  4 
15  6 

Of)  H 

10 

31  0 
30  2 
41  4 

46  6 

dl  8 

56  10 
62  0 
67  2 

72  4 

77  6 

82  8 
87  10 
93  0 
98  2 
108  4 

108  6 
113  8 
118  10 

124  0 

129  2 

134  4 
139  (! 
144  8 
149  10 

109  0 

0  5 

0  10 

1  4 

1  9 

2  2 

2  8 

3  1 

3  6 

4  0 

4  ^< 

4  lU 

5  4 
10  8 
16  0 
21  4 
26  8 

32  0 
87  4 
42  8 
48  0 
53  4 

58  8 
64  0 
60  4 

74  S 

80  0 

85  4 
90  S 
96  0 

101 

106  8 

112  0 
117  4 
122  8 

128  0 

133  4 

138  8 
144  0 
149  4 
154  8 

160  0 

0  5 

0  11 

1  4 

1  10 

2  3 

2  9 

3  2 

3  S 

4  1 

t  7 

a  0 

5  6 
11  0 
16  6 

27  6 

33  0 
38  6 
44  0 
49  6 
99  0 

no  n 
66  0 
71  6 

77  0 

82  6 

88  0 
08  6 
99  0 

10  J  6 

110  0 

115  6 
121  0 
126  6 

132  0 

137  6 

143  0 
148  6 
154  0 
159  6 

169  0 

0  1 
0  2 
0  8 

0  4 

0  r> 
0  G 

0  7 
0  8 
0  9 

0  10 

OU 

1  0 

2  0 
8  0 

4  0 

d  0 

6  0 

7  0 

8  0 

9  0 

10  0 

11  0 

12  0 

18  0 

14  0 

19  0 

16  0 

17  0 

18  0 

19  0 

20  0 

21  0 

22  0 

23  0 

24  0 

26  0 

27  0 

28  0 

29  0 

39  0 

0  6 

0  11 

1  6 

1  10 

0  4 

2  10 

3  3 

3  9 

4  3 

4  R 

5  2 

6  8 
11  4 
17  0 
22  8 
28  4 

34  0 
39  8 
45  4 
51  0 

96  8 

62  4 
68  0 

78  8 

79  4 

89  0 

90  8 
96  4 

102  0 
107  R 
113  4 

119  0 
124  8 
130  4 
13G  () 
141  8 

147  4 
153  0 

15R  8 

1(14  1 

170  0 

0  5 

0  11 

1  6 

1  11 

2  5 

2  11 

3  4 

3  10 

4  4 

4  10 

5  4 

5  10 
11  8 
17  6 
23  4 
29  2 

35  0 
40  10 
46  8 

.52  n 

58  4 

64  2 
70  0 
76  10 

Rl  R 

87  6 

93  4 
99  2 
105  0 

HO  10 

116  8 

122  6 
128  4 
134  2 

140  0 

149  10 

151  8 
157  6 
163  4 

KiO  2 

179  0 

0  6 

1  0 

1  6 

2  0 

2  n 

3  0 

3  6 

4  0 

4  6 

5  0 

5  6 

6  0 
12  0 
18  0 
24  0 

30  0 

36  0 
42  0 
48  0 

54  0 

60  0 

66  0 
72  0 
78  0 

84  0 

90  0 

on  0 

102  0 
108  0 

114  0 

120  0 

126  0 
132  0 
138  0 

144  0 

190  0 

150  0 
162  0 
168  0 

174  0 

180  0 
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Iiengths. 

6ft.  2ia. 
wide. 

6ft>  4^. 
"Wide. 

6ft.  6^> 
wide. 

Lengths. 

6ft-  Svck. 
wide. 

6ft.l0ui. 

wide. 

7ft>  Om. 

wide. 

ft.  in. 

ft.  in. 

it.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  iji. 

0  1 

0  2 
0  3 
0  4 

0  5 

0  6 

0  7 
0  8 
0  9 

0  10 

OU 

1  0 

2  0 
8  0 

4  0 

&  0 

6  0 

7  0 

8  0 

0  0 

10  0 

11  0 

12  0 

18  0  1 

14  0 

15  0  1 

16  0 

17  0  1 

18  0 

19  0 

20  0 

21  0 

22  0 
28  0 

24  0 

S»  0 

26  0 

27  0 

28  0 

29  0 

30  0 

0  6 

1  0 

1  6 

2  0 

2  6 

3  1 

3  7 

4  1 

4  7 

5  1 

5  7 

6  2 
12  4 
18  6 
24  8 

3010 

37  0 
43  2 
49  4 

55  fi 
61  8 

67  10 
74  0 

80  2 

m  4 
82  6 

98  8 
104  10 
111  0 
117  2 
123  4 

129  G 
135  8 
141  10 
148  0 
154  2 

160  4 
166  6 
172  8 

I7S  m 

185  0 

0  6 

1  0 

1  7 

2  1 

2  7 

3  2 

3  8 

4  2 
4  9 
6  8 
6  9 

6  4 
12  8 
19  0 
26  4 
31  8 

38  0 
44  4 
60  8 

57  0 

63  4 

60  8 
76  0 
82  4 

88  8 

85  0 

101  4 
107  8 
114  0 

120  4 

126  8 

inn  0 
130  4 
146  8 
152  0 
158  4 

164  8 
171  0 
177  4 

183  8 

180  0 

0  6 

1  1 

1  7 

2  2 

2  8 

3  3 

3  9 

4  4 

4  10 

5  6 
5U 

0  G 
13  0 
19  6 
26  0 
32  6 

39  0 
46  6 
52  0 

58  6 

65  0 

71  6 
78  0 
84  6 

91  0 

87  6 

104  0 
110  6 
117  0 

123  fi 

130  0 

13fi  6 
143  0 
149  6 

irn  n 

162  6 

109  0 
176  6 
182  0 

188  6 

180  0 

0  1 

0  2 
0  3 
0  4 

0  5 

0  6 

0  7 
0  8 
0  9 

0  10 

OU 

1  0 

2  0 
8  0 

4  0 

5  0 

6  0 

7  0 

8  0 

9  0 

10  0 

11  0 

12  0 
18  0 

14  0 

15  0 

16  0 

17  0 

18  0 

19  0 

20  0 

21  0 

22  0 
38  0 

25  0 

26  0 

27  0 

28  0 

29  0 

30  0 

0  6 

1  1 

1  8 

2  2 

2  9 

3  4 

8  10 

4  6 
6  0 

5  6 

6  1 

6  8 
18  4 
20  0 

26  8 

33  4 

40  0 
46  8 
68  4 

60  0 

66  8 

73  4 
80  0 
86  8 

93  4 

100  0 

106  8 
113  4 
120  0 
126  8 
133  4 

140  0 
146  6 
168  4 

160  0 

106  8 

173  4 
180  0 
186  8 

193  4 

200  0 

0  6 

1  1 

1  8 

2  3 

2  10 

3  5 

3  11 

4  6 

5  1 

5  8 

6  3 

6  10 
18  8 
20  6 

27  4 

34  2 

41  0 
47  10 
64  8 

61  6 

68  4 

75  2 
82  0 
88  10 

95  8 

102  6 

109  4 
lid  2 

128  0 

129  10 
136  8 

143  6 
160  4 
167  2 

164  0 

17010 

177  8 
184  6 
191  4 

19S  2 

205  0 

0  7 

1  2 

1  9 

2  4 

2  11 

3  6 

4  1 

4  8 
6  8 

5  10 

6  5 

7  n 
14  0 
21  0 

28  0 

35  0 

42  0 
49  0 
66  0 

on  0 
70  0 

77  0 
84  0 
91  0 

98  0 

105  0 

112  0 
119  0 
126  0 

133  0 

140  0 

147  0 
164  0 
161  0 

168  0 

175  0 

182  0 
189  0 
196  0 
203  0 
210  0 

• 
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7ft.  1 

Kn. 

7ft.  lOin 

8ft.  Oin. 

wide. 

-wide. 

wide. 

ft. 

in. 

ft. 

in. 

tt. 

in. 

0 

7 

0 

7 

0 

6 

1 

3 

1 

3 

1 

4 

1 

11 

1 

11 

2 

0 

2 

6 

2 

7 

2 

8 

3 

2 

8 

8 

3 

4 

310 

3U 

4 

0 

A 

4 

6 

4 

8 

A 

V 

1 

A 

5 

2 

6 

4 

6 

9 

6  10 

6 

0 

4 

0 

6 

0 

8 

? 

4 

n 
u 

7 

2 

7 

4 

7 

a 
o 

7  10 

8 

0 

A 
« 

16 

8 

16 

0 

28 

0 

28 

6 

0 

30 

8 

ni 

4 

32 

0 

uO 

% 

39 

2 

40 

0 

•O 

t\ 
\t 

47 

0 

48 

0 

Oo 

o 
o 

64  ID 

56 

0 

61 

4 

83 

8 

64 

0 

69 

0 

70 

f) 

72 

0 

76 

8 

78 

4 

oO 

0 

84 

4 

86 

2 

88 

0 

92 

0 

94 

0 

96 

0 

99 

8 

101 

10 

104 

0 

J  07 

4 

109 

8 

no 

(1 

m 

0 

U7 

6 

120 

0 

1-22 

8 

126 

4 

128 

0 

1  130 

4 

188 

2 

136 

0 

]38 

0 

141 

0 

0 

148 

10 

]  rr2 

0 

m 

4 

m 

8 

160 

0 

1(51 

0 

164 

6 

168 

0 

1B8 

8 

172 

4 

176 

0 

170 

4 

180 

2 

184 

0 

184 

0 

188 

0 

192 

0 

lai 

8 

200 

0 

199 

4 

203 

8 

208 

0 

207 

0 

£11 

6 

216 

0 

214 

8 

219 

4 

224 

0 

;  222 

4 

227 

2 

232 

0 

230 

0 

235 

0 

210 

0 

Lengths 


ft.  in. 


0 

0 
0 
0 

0 

0 

0 
0 


1 

2 
8 
4 

5 

6 

7 
8 


0  9 

0  10 

OU 

1  0 

2  0 

3  0 

4  0 

$  0 

6  (J 

7  0 

8  0 

9  0 

10  0 

11  0 

12  0 

13  0 

14  0 

Id  0 

16  0 

17  0 

18  0 

19  0 

90  0 

21  0 

22  0 

23  0 

24  0 

25  0 

26  0 

27  0 

28  0 

ao  0 


7ft.  Sin. 
wide. 


ft.  in. 


0  7 

1  2 

1  9 

2  4 

2  11 

3  7 

4  2 

4  9 
6  4 

5  11 

6  6 

7  2 
14  4 

21  6 

28  8 

3510 


7ft.  4in. 
wide. 


ft.  in. 


0  7 

1  2 

1  10 

2  6 

3  0 

3  8 

4  3 
4  10 

«  8 

G  1 

8  8 

7  4 

14  8 

22  0 

29  4 

»  8 


Tit  Qin. 
wide. 


ft.  in. 


0  7 

1  3 

1  10 

2  6 


3 

3 

4 
6 
5 

n 


610 

7  6 

IS  0 

^  8 

30  0 

37  6 


Lengths. 


ft.  in. 


0  1 

0  2 

0  8 

0  4 

0  5 

0  6 

0  7 
0  8 
0  9 

0  10 

OU 

1  0 

2  0 

3  0 

4  0 

5  0 


43 

0 

44 

0 

46 

0 

6 

0 

60 

2 

51 

4 

32 

6 

7 

0 

57 

4 

58 

8 

60 

0 

8 

0 

64 

6 

6(5 

0 

67 

n 

<) 

0 

71 

8 

73 

4 

75 

0 

10 

0 

78 

10 

80 

8 

82 

6 

11 

0 

86 

0 

88 

0 

90 

0 

12 

0 

93 

2 

9;5 

4 

97 

6 

13 

0 

100 

4 

102 

8 

10;-, 

0 

14 

0 

107 

8 

HO 

0 

112 

6 

15 

0 

114 

8 

117 

4 

120 

0 

IG 

0 

121 

10 

124 

8 

127 

6 

17 

0 

129 

0 

132 

0 

13.3 

0 

18 

0 

136 

2 

139 

4 

142 

6 

19 

0 

143 

4 

146 

8 

150 

0 

20 

0 

150 

6 

154 

0 

167 

6 

21 

0 

1.57 

8 

161 

4 

16.5 

0 

22 

0 

164 

10 

108 

8 

172 

6 

23 

0 

172 

0 

176 

0 

180 

0 

24 

0 

178 

2 

138 

4 

187 

6 

25 

0 

186 

4 

190 

8 

195 

0 

26 

0 

193 

6 

198 

0 

202 

6 

27 

0 

200 

8 

205 

4 

210 

0 

28 

0 

207 

10 

212 

8 

217 

6 

29 

0 

215 

0 

290 

0 

825 

0 

30 

0 
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8ft.  2in. 
wide. 

8ft  4in. 
-wide. 

8  ft.  &u, 
iride. 

1  1 

Sit.  8iu. 

vide. 

8it-  lOin. 
-wide. 

9ft.  Qiu. 
wide- 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

0  1 
0  2 

0  3 
Q  4 
0  6 

0  6 

0  7 

0  8 

0  0 

0  10 

OU 

1  0 

2  0 

3  0 

4  0 

0  0 

6  0 

7  0 

8  0 
0  0 

10  0 

11  0 

12  0 

13  0 

14  0 

15  0 

16  0 

17  0 

18  0 

19  0 

ao  0 

21  0 

22  0 

23  0 
•24  0 

20  0 

26  0 

27  0 

28  0 

29  0 

ao  0 

0  8 

1  4 

2  0 
2  8 
8  4 
4  1 

4  9 

5  6 

6  1 
6  9 

7» 

8  2 

16  4 
24  6 
32  8 

4010 

49  0 
57  2 

65  4 
73  6 

81  8 

89  10 
98  0 
106  2 
114  4 

128  6 

180  8 
188  10 

147  0 
165  2 

163  4 

171  6 
179  8 

187  10 

204  2 

212  4 
220  6 
228  8 
•236  10 

m  0 

0  8 

1  4 

2  1 
2  9 
a  6 
4  8 

4  10 

5  6 

6  3 

6  11 

7  7 

8  4 
16  8 

25  0 
33  4 

41  8 

50  0 
58  4 
66  & 
75  0 
83  4 

91  8 
100  0 
108  4 
116  8 
125  0 

183  4 
141  8 

150  0 
158  4 

166  8 

175  0 

183  4 
191  8 

200  0 

208  4 

216  8 
225  0 
233  4 

2d0  Q 

0  8 

1  6 

2  1 

2  10 

3  6 

4  3 

4  11 

5  6 

6  4 

7  1 

7  9 

8  6 
17  0 

25  6 
34  0 

48  6 

51  0 
€9  6 
68  0 
76  6 
89  0 

93  6 
103  0 

no  G 

119  0 

187  6 

136  0 

144  «r 

153  0 
161  6 
170  0 

178  6 
187  0 
196  6 

•204  0 

212  6 

221  0 
229  6 
288  0 

•216  6 

2a5  0 

0  1 

0  2 
0  3 
0  4 
0  5 

0  6 

0  7 
0  8 
0  9 

0  10 

on 

1  0 

2  0 

3  0 

4  0 

5  0 

6  0 

7  0 

8  0 

9  0 

10  0 

11  0 

12  0 

13  0 

14  0 

19  0 

16  0 

17  0 

18  0 

19  0 

20  0 

21  0 

22  0 

23  0 

24  0 

29  0 

26  0 

27  0 

28  0 

29  0 

ao  0 

0  8 

1  5 

2  2 

2  10 

3  7 

4  4 

6  0 

5  9 

6  6 

7  2 

711 

8  8 
17  4 

26  0 
34  8 

43  4 

62  0 
60  8 

69  4 
78  0 

88  8 

95  4 
104  0 

112  8 
121  4 

130  0 

138  8 
147  4 

150  0 
164  8 

173  4 

182  0 
100  8 

199  4 
208  0 

216  8 

225  4 
234  0 
242  8 
251  4 

,  260  0 

0  8 

1  5 

2  2 
2  11 

a  8 

4  9 

6  1 

5  10 

6  7 

7  4 

8  1 

8  10 
17  8 
26  6 
3d  4 
44  8 

53  0 
61  10 

70  8 
79  6 

88  4 

97  2 
106  0 

114  10 
123  8 

138  6 

141  4 
ISO  2 

159  0 
167  10 

178  8 

185  6 
104  4 

203  2 
0 

220  10 

229  8 

238  6 
247  4 
2-56  2 

265  0 

0  9 

1  6 

2  3 

3  0 

3  9 

4  6 

6  3 

6  0 

6  9 

7  6 

8  3 

9  0 
18  0 
27  0 
36  0 

45  0 

64  0 
63  0 
72  0 
81  0 
90  0 

99  0 
106  0 
117  0 
126  0 
135  0 

144  0 
158  0 
162  0 
171  0 

180  0 

189  0 
196  0 

207  0 
216  0 

225  0 

234  0 
243  0 

252  0 

261  0 

270  0 
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0ft.  Sin. 

9ft.  iiu* 

9ft.  { 

Un. 

Oft.  gin. 

9ft.  lOin. 

10ft.  Oin. 

-wide. 

iride. 

wide. 

Lengths. 

vide. 

wide. 

wide. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft 

in. 

ft. 

in. 

ft.  in. 

0 

1 

yj 

o 
V 

U 

A 

if 

0 

9 

0 

1 

0 

9 

0 

9 

0  10 

0 

2 

i 

a 
o 

1 
1 

6 

1 

7 

0 

2 

1 

7 

1 

7 

1  8 

0 

8 

8 

2 

4 

8 

4 

0 

a 

2 

6 

2 

5 

2  6 

0 

4 

3 

0 

1 

8 

2 

0 

4 

3 

2 

3 

3 

3  4 

0 

5 

3 

Q 

lU 

8  11 

0 

6 

4 

0 

4 

1 

4  2 

0 

6 

4 

7 

il 

o 
o 

4 

9 

0 

e 

4  10 

411 

0  0 

0 

7 

6 

4 

O 

St 

o 

5 

D 

0 

7 

5 

7 

5 

8  1 

5  10 

0 

8 

6 

1 

6 

2 

o 

4 

0 

8 

6 

6 

6 

6 

6  8 

0 

9 

6 

10 

7 

0 

7 

1 

0 

9 

7 

3 

7 

4 

/  b 

0  10 

7 

7 

n 
§ 

V 

7 

n 

0 

10 

0 

8 

2 

8  4 

0  11 

8 

4 

o 

0 

8 

8 

0  11 

8  10 

9 

0 

9  2 

1 

0 

9 

2 

V 

4 

y 

u 

1 

0 

9 

8 

9 

10 

10  0 

2 

0 

18 

4 

18 

8 

19 

2 

0 

19 

4 

19 

8 

20  0 

3 

0 

27 

6 

28 

0 

28 

6 

3 

0 

29 

0 

29 

6 

<>/'k 

o\)  () 

4 

0 

30 

8 

11 
lii 

4 

38 

0 

4 

0 

38 

8 

on 

4 

40  0 

5 

0 

43  10 

Q 

o 

47 

6 

5 

0 

48 

4 

40 

o 

50  0 

6 

0 

55 

0 

DO 

A 

57 

A 

U 

6 

0 

58 

0 

69 

0 

GO  0 

7 

0 

64 

2 

66 

4 

DO 

o 

7 

0 

67 

8 

68 

10 

70  0 

8 

0 

73 

4 

74 

8 

76 

0 

8 

0 

77 

4 

78 

8 

80  0 

9 

0 

82 

6 

A 

6 

9 

0 

87 

0 

88 

(5 

90  0 

10 

0 

91 

8 

ao 

/I 

93 

0 

10 

0 

96 

8 

98 

4 

100  0 

11 

0 

100 

10 

o 

O 

104 

6 

11 

0 

106 

4 

108 

o 

110  0 

12 

0 

110 

0 

112 

0 

114 

0 

12 

0 

116 

0 

118 

0 

120  0 

18 

0 

119 

2 

121 

4 

128 

6 

13 

0 

125 

8 

127 

10 

180  0 

14 

0 

128 

4 

loU 

o 
o 

133 

0 

14 

0 

135 

4 

137 

8 

140  0 

10 

0 

137 

6 

Iw 

A 

143 

6 

15 

0 

140 

0 

147 

6 

100  0 

16 

0 

140 

8 

I  4-..T 

4 

-i 

152 

0 

16 

0 

154 

8 

167 

4 

160  0 

17 

0 

155 

10 

8 

161 

6 

17 

0 

164 

4 

167 

2 

170  0 

18 

0 

166 

0 

108 

0 

171 

0 

18 

0 

174 

0 

177 

0 

180  0 

19 

0 

174 

2 

177 

4 

180 

6 

19 

0 

183 

8 

186 

10 

190  0 

20 

0 

183 

4 

loo 

Q 
O 

180 

0 

20 

0 

193 

4 

196 

8 

20O  0 

21 

0 

192 

6 

106 

0 

199 

21 

0 

203 

0 

206 

6 

210  0 

22 

0 

201 

8 

205 

4 

200 

0 

22 

0 

212 

8 

216 

4 

230  0 

d8 

0 

210  10 

214 

8 

218 

6 

23 

0 

222 

4 

226 

2 

280  0 

24 

0 

220 

0 

224 

0 

0 

24 

232 

0 

23f5 

0 

240  0 

2d 

0 

229 

2 

833 

4 

237 

6 

20 

0 

m. 

8 

240  10 

2S0  0 

26 

0 

238 

4 

242 

8 

247 

0 

26 

0 

251 

4 

255 

8 

260  0 

27 

0 

'247 

6 

252 

0 

25G 

6 

27 

0 

261 

0 

266 

6 

270  0 

28 

0 

256 

8 

261 

4 

2(56 

0 

28 

0 

270 

8 

276 

4 

280  0 

29 

0 

265 

10 

270 

K 

■27  r, 

0 

280 

4 

285 

o 

290  0 

ao 

0 

270 

0 

280 

0 

280 

0 

0 

890 

0 

290 

0 

800  0 
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OHAPTER  XVL 

AETmCERS'  WORK. 

Sect.  I. — Bricklayer  and  ExemaUn's  ff  'ork 

The  standard  measure  for  Brickwork  in  London  13  the  rod  of 
16  ft.  6  in.  square,  wliich  dimension  being  multiplied  into  itself 
produces  272  ft  iJin.,  but  the  odd  3  inches  are  never  taken  into 
account.  It  is  therefore  always  considered  as  272  :^uperiicial  feet, 
at  1|  brick,  or  13i  inches  thick,  or  306  feet  cube,  viz.,  272  ft.  hj 
1ft.  1}  in,  A]l  the  other  thicknesses  are  rednced  to  this  standaid, 
as  shown  hereafter  in  the  manner  of  taking  the  dimensions  and  ab- 
stracting the  work. 

In  measuring  bricUayers'  work,  it  is  nsoal  to  begin  hj  taking 
the  excayations;  first,  for  the  basement  storj,  if  any,  which  is 
stated  as  digging  and  throwing  ont  or  wheeUng  away;  the  ground 
for  sunk  stories,  according  to  circumstances ;  next  the  excavations 
for  footings  to  walls. 

It  is  customary  in  taking  the  digging  to  footlnp  oi  walls,  to 
allow  about  six  inches  on  each  ride,  over  and  above  the  thickness 
of  the  walls,  for  room  to  work  them ;  but  if  they  are  deep,  and  the 
ground  bad  and  loose,  aUow  nine  indies  on  each  side  on  account  of 
its  falling  in.  But  in  sunk  stories  only  allow  tO  the  extent  of  the 
footings,  except  in  very  loose  ground. 

In  taking  tlie  dimensions,  the  length,  depth,  and  width  must  be 
measured  as  bet'ore  described,  and  reduced  to  the  yard  cube  of  27 
feet,  viz.,  3  ft.  by  3  ft.  by  3  ft. 

Claying  of  VatdU,  by  the  yard  square  of  9  feet,  describing  the 
tliickness,  3  ft.  by  3  ft. 

In  measuring  digging  in  sideling  ground,  where  the  ar^s  of  the 
two  ends  of  the  excavation  are  unequal,  the  cubic  content  must  be 
found  by  the  foUowing  rule 

Multiply  the  sum  of  the  extreme  areas,  plus  four  times  the  mid- 
dle area,  by  one-rixth  of  the  length,  and  the  product  will  be  the 
answer  required. 

j&v— To  find  the  cubic  content  of  the  ezcavatioa  A  B  C  D  £  F 
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for  the  fiimk  stories  of  a  hoiiBe^  to  be  built  on  the  side  of  a 
hiU:— 


2744 

120  length 


54880 
2744 


6)329260 


27;  04880  (  2032  yards  16  feet 
54 

88 
81 

70 
64 

16 


Ab  an  innstfation  of  ihe  ooneotness  of  the  mle^  let  us  take  the 
flame  example  on  a  different  principle  of  measurement.  The  solid 
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ABCDE  Fmay  be  divided  into  tbe  two  prisms  Gr H I B E D, 
and  E  F  C  I II  D  and  tho  pyramid  D  A  H  Cr.    Taking  each  of 

these  separately,  we  have — 

Pri8maHIBED«  ^iiiiJLi?^  ^  20160 

3s 

Priam  E  F  G  I  H  D  »        ^  ^  ^  84  ^  3^^240 

56  X  4  120 

Pyramid  D  A  H  G  =    x  —  =  4480 

2  8   

Total  .  54880cal)ioft 

or  2032  yards  16  feet^  as  before. 

In  measuring  brickwork,  always  begin  with  the  fonndations,  then 
proceed  with  measuring  each  story  separately  (or  as  high  as  the 
wall  continues  of  the  same  tiiickuess),  as  solid  work,  according  to 
its  respective  thickness;  then  add  for  all  projections,  as  breasts  of 
chimneys,  &c,  deducting  the  openings,  but  not  the  flues,  as  the 
extra  trouble  and  the  pargetting  is  deemed  equivalent  to  the  defi- 
dency  of  materials ;  but  deduct  the  openings  of  doors,  windows,  &o. 

If  the  house  or  building  be  rectangular^  measure  two  walls  the 
whole  length  of  the  external  face,  and  the  other  two  internally,  so 
98  to  get  the  true  cubical  contents. 

But  in  measuring  for  labour  only,  the  external  face  of  the  work 
is  ^rt,  and  multiplied  into  the  height  and  thickness,  to  pay  fix  the 
extra  labour  of  plumbing  the  angles,  andworking  the  returns  fair* 

In  measuring  wails  that  are  faced  with  superior  briehs,  the  walls 
are  first  measured  as  common  work,  and  then  the  superBcial  quan- 
tity of  facing  is  taken,  as  hereafter  shown,  and  is  valued  by  con- 
sidering the  facing  as  two-thirds  of  a  brick  thick,  and  deducting 
the  common  hrickwork  from  the  price  thereof,  the  same  thickness, 
viz.,  two-thirds  of  a  brick  j  by  which  the  value  per  foot  superfi- 
cial is  ascertained. 

Li  lueuijuring  circles,  or  semicircles,  they  are  marked  accordingly 

^ — 

in  the  measuring-book,  thus;  3.4  ^\  or  [  3  .  4  1 

Willi  the  diameters  ilgured. 

To  measure  angle  chimneys,  draw  lines  on  the  floor,  parallel  to 
the  two  sides  of  the  room,  cutting  the  parts  intersected  by  the  chim- 
ney ;  take  dther  side  by  the  height  of  the  floor,  and  half  the  other 
(the  work  forming  a  ^pimgle)  for  the  thickness,  either  as  the 
number  of  bricks,  or  as  cube  wcrk,  vhidi,  by  the  directions  before 
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given,  prove  it  to  be  exactly  the  aame:  ooDsequentfy,  if  the  pro- 
jection should  not  amount  to  any  certain  number  of  half-bridEs, 
it  would  be  best  to  take  it  as  a  cube  dimencdon.  In  all  oases  it  is 
supposed  that  the  walls  are  measured  before  the  projecting  chim- 
neys are  taken,  which  is  the  usual  custom* 

In  taking  the  dimensions  of  vaults,  measure  the  abutments,  or 
side  walls,  to  the  springing  of  the  ardi,  then  Lend  your  rods  round 
the  soffit  of  the  arch ;  and  add  once  and  a  half  the  thickness  there^ 
of,  by  which  you  obtain  the  average  ^rt  of  the  arch ;  then  take  the 
leugth  clear  of  the  walls  ;  but  if  the  arch  is  turned  over  one  or  both 
wall;?,  add  the  tliickness  thereof  to  the  length  of  the  arch.  But  ia 
taking  the  height  of  the  walk,  mensure  to  the  crown  of  the  arch, 
without  making  any  dcductiuii  fur  the  declivity  of  the  arches,  on 
account  of  the  additional  trouble  and  waste  of  bricks,  in  cutting 
and  fitting  them  to  the  curved  soffit  of  the  arch.  Likewise,  in 
deducting  openings  with  circiilar  heads,  the  dimensions  should 
only  be  taken  to  the  spiinging  of  the  ardies,  on  account  of  die 
trouble  and  waste  of  bricks  in  fitting  them  to  the  arches. 

Drains  to  be  taken  and  reduced  as  common  brickwork  if  built 
with  mortar. 

Shafts  of  chimneys  are  measured  as  solid  work. 

Ovens  and  coppers  are  measured  as  solid  cube  bridcwork,  de> 
ducting  the  ash^ioles  only.*  Tiles,  Welsh  lumps,  and  fire  bricks 
are  to  be  allowed  as  extras. 

In  these,  or  any  other  brickwork  that  it  m  considered  best  or 
most  convenient  to  measure  by  the  cubic  foot,  multiply  the  solidity 
by  8,  the  number  of  U  inches  in  a  foot,  and  divide  it  by  9,  the 
number  of  1^  inches  in  13^  inches,  which  will  reduce  it  to  the 
standard  of  1^  brick  or  13^  inches  in  thickness. 

In  measuring  brickwork  no  allowance  is  to  be  made  in  quantity 
for  sraaU  or  difficult  works.  Timbers  inserted  in  the  walls  are  not 
to  be  deducted.  When  plates  are  bedded  in  the  walls,  two  inches 
to  be  allowed  for  ditto  where  no  brickwork  is  over  them.  AH  ^Us 
and  stone  strings  are  measured  In. 

All  cuttings  to  be  measured  superficial ;  as  outside  splays,  cut 
and  rubbed  to  show  fiur,  or  inside  ditto  rough  cut  for  battens,  && 

Birds*  mouths  at  per  ibot  run,  being  notched  to  fit. 

Facings  of  all  descriptions  to  be  measured  extra  by  the  foot 
superfidal;  in  which  case  the  reveals  are  also  measured,  except 
where  intended  to  be  stuccoed. 

■*  This  methcH?  is  in  common  nse  amongst  sun'eyors  ;  but  it  would  be  far  more  con. 
sistent  to  oieabure  the  actual  quantity  of  brkkwork*  allowiog  for  the  extra  labour  in 
price. 
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Ghiuged  arches  to  doors^  windows^  &c.^  are  also  measured  by  the 
&ot  superficial. 

Groma  are  measured  as  conniion  work,  only  taldiig  fche  run  of 
cut  groins  at  per  loot. 

Bricknogging,  by  the  yard  sc^uaie  of  nine  feet,  inoLuding  the 
timbers. 

Brick  paving,  ditto,  ditto. 

Facias,  beads,  and  quirks,  dentil  or  plain  cornices,  &c*,  measured 
and  valued  by  the  foot  run. 

TILIKGw 

Plane  and  pan  tiling  are  measured  by  the  square  of  100  feet 
In  measuring  plane  tiling — 

Allow  for  the  eaves  4  inches  extra. 

Ditto  for  rMp|ai^  do.  6  inches  extra. 

Ditto  for  all  cuttings,  hips,  &c.,  3  inches  extra. 

Ditto  for  valleys,  12  inches  extra. 
In  measuring  pan  tiling — 

Allow  for  the  barge  per  foot  run. 

Ditto  for  heading  to  barge  per  foot  run. 

Ditto  for  cutting  to  hips  and  splays  per  loot  run. 

Ditto  for  hips  and  ridges  per  foot  run. 
Kumber  the  hip  hooks,  which  should  be  painted  three  times 
in  oil. 

Ditto  T  nails,  ditto. 

Deduct  for  chimneys,  aud  deduct  and  add  for  dormers. 

If  the  roofs  are  hipped,  take  the  length  at  the  bottom  of  the 
sides,  and  not  measure  the  end ;  the  two  side  triangles  being  equal 
to  the  hipped  end  one. 

YaLUAXXOK  of  BiUCEIiAXESS'  WOB£. 

oaloulahon  of  matbbials. 

Digger* — ^27  cubic  feet,  or  one  cubic  yard,  is  called  a  single 
load,  and  contains  21  striked  bushels.  Two  cubic  yards  s  one 
double  load. 

In  estimating  the  cubic  content  of  excavation  required  to  form 
a  given  amount  of  embankment,  due  regard  must  be  paid  to  the 
nature  of  the  sml  of  which  the  embankment  is  to  be  formed. 

The  following  may  be  safely  taken  as  average  rates  of  the  alter- 
ation in  bulk  of  various  soils  when  excavated  and  carried  into 
embankment 
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Clayg. — Compresdoa  about  one- tenth  of  the  origiaal  bulk  in 
excavation. 

Gravels.— CompreBium  about  one-twelfth  of  the  original  bulk  in 

excavation. 

Sand  occupies  the  same  space  in  bank  as  in  excavation. 

Chalk — Slight  increase  of  the  original  bulk  in  excavation,  pro- 
portiouaie  to  the  she  and  hardness  of  the  fragments. 

Bock, — ^£icr«ace  about  one4ui]f  of  the  original  bulk  in  excava- 
tion, according  to  the  size  of  the  firagmenta. 

23|  cubic  feet  of  sand  weigh  one  ton. 
dOb       gravel  do. 

17  do.  day  do^ 
13        do.        chalk  do. 

18  da        night-soil  do^ 

Ccnereie  is  made  of  gionnd  stone  lime  and  sharp  gravel,  with  a 
proper  proportion  of  sand,  mixed  in  the  proportion  of  five  or  six 
parts  of  gravel  to  one  of  lime,  according  to  tiie  nature  of  the  lime 
and  the  proportion  of  sand  mixed  with  the  graveL  Its  quality  b 
mudi  improved  by  the  addition  of  smith's  ashes,  or  any  material 
containing  iron ;  and  for  this  reason  ferruginous  gravel  is  to  be 
preferred  whenever  it  can  be  obtained. 

A  cubic  ^rd  of  concrete,  containing  27  cubic  feet  wlien  mixed, 
requires  34  cubio  feet  of  gravel,  sand,  and  lime.  Therefore,  at  the 
proportion  of  six  of  gravel  to  one  of  lime,  a  cubic  ymrd  of  concrete 
will  require  1.1  cubic  yard  of  gravel  and  sand  and  three  bushels 
of  lime. 

Concrete  expands  slightly  in  slaking  ;  but  this  expansion  is  too 
tinfiing  to  be  taken  into  account  in  iraming  an  estimate. 

SioB  and  Weight  of  various  ArticUt. 


Stock  brick*       .      .      .  each  . 

Paving  do.  .      «      •      .  do.  . 

Dateh  ClinkeTB  .      .      .  do.  . 

12-inch  paving  tiles     .       .   do.  . 

10 -inch      do.    .      .       .   do.  . 

Pantiles    .      .      .      .  do.  . 

Plain  toes  .      .      *      .  do.  . 
Pan  ti]«  latbB,  par  10  ft.  bundle 
Ditto,  per  12  ft.  bundle  . 

A  bundle  contains  12  laths. 
Plam  tile  laths,  per  bundle 

Ttdtty  bandies  of  laliha  nuke  a  load 


Length. 

ft.  in. 

0  8i 


0 

0 


9 

61 

0  111 

0  9| 

1  u 

0  lOl 
120  0 
144  0 

600  0 


Breadth. 


0  1 


Tfaickneas. 


0  0| 


Iba.  OB. 

6  0 


Weight. 


4 
1 

18 
8 

5 
2 
4 
6 


0 
8 
0 
9 
4 
5 
6 
0 


8  0 
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A  bricklayei^s  hod  measures  1  ft.  4  iiL  x  din  x  Sin.,  and  will 
hold  20  bricks. 

A  single  load  of  sand  is  27  cubic  feet,  or  one  cubic  yard. 

A  double  load  of  sand  is  54  cubic  feet,  or  two  cubic  yards. 

A  measure  of  lime  is  27  cubic  feet,  or  one  cubio  yard,  and  con- 
tains &om  16  to  18  bushels. 

QUANTITIES,  £TC. 

A  rod  of  brickwork  measures  16  ft.  6  in.  x  16  ft  6  in.,  or  272 
ft.  Sin,  saperf,,  1^  brick  or  13|  inches  thick,  called  the  standard 
thickness,  or  306  cubio  feet,  or  11^  cubic  yards. 

A  rod  of  brickwork  laid  to  a  12-inch  gauge,  ue,,  four  courses  to 
measnre  one  foot  in  height  requires  4353  stock  bricks. 

Ditto,  laid  to  lli-inoh  gauge,  requires  4533  stock  bricks. 

A  foot  of  reduced  brickwork  requires  16  bricks. 

These  caLcdations  are  made  without  allowance  for  waste ;  and 
indeed  there  is  very  little,  as  nearly  every  |»rt  is  worked  in,  and 
much  space  is  occupied  by  timbers,  ilues,  &c,  for  which  no  deduc- 
tion is  made  in  measurement;  and  therefore  in  the  erection  of 
dwelling-houses  containing  flues  and  bond  timbers,  4300  stocks  in 
quite  sufficient,  and  this  is  the  usual  number  allowed  for  a  rod  of 
brickwork. 

5370  stocks  to  the  rod,  if  laid  dry. 

4900  do.  in  wells  and  circular  cesspools. 

A  rod  of  brickwork,  laid  four  courses  to  gauge  12  inches,  con- 
tains 235ft.  cube  of  bricks,  and  71ft.  cube  of  mortar;  and  the 
average  weight  is  about  15  tons. 

A  rod  of  brickwork  requires  Is  cubic  yard  of  chalk  lime  and 
three  loads  of  sand  ;  or  one  cubic  yard  of  stone  lime,  and  3^  loads 
of  sand;  or  36  bushels  of  cement,  and  36  bushek  of  sharp  sand. 

A  cubic  yard  or  load  of  mortar  requires  nine  bushels  of  lime  and 
one  load  of  sand. 

The  proportion  of  mortar  or  cement,  when  made  up,  to  the  ma- 
ierials  in  their  mixed  state,  is  as  two  to  three. 

Facing  requires  7  bricks  per  foot  superficial. 

Gauged  aiches  10  do.  do. 

Bricknogging  per  yard  superficial,  requires  30  bricks  on  edge,  or 
45  hud  flat 

DescriptioD.  Number  required. 

Stock  bricks,  kid  flat  .    per  yard      .  36 

Do.  .       .    on  edge  .        m    •  .52 
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DeMrip4i0D.  Number  requrad. 

Paving  bricks,  laid  flat    .  per  yard      .  3^ 

Do.      .      .      •    on  edge  .  „   .  .82 

Dutch  clinkers      .        »       .  »    •  • 

12-inch  paving  tiles .       •       •  „    ,       *  9 

10-inch       do.       .       .       .  ^   •  .13 


TILlHCk 


g  retpires  one 


Pan  tiles,  per  square 
Ditto  ditto 
Ditto  ditto 

A  square  of  pan  tilin 

bundle  of  laths  and  1^  hundred  of  6(i 

nails. 

Plain  tiks,  per  squaxe  .... 
Ditto  ditto  .  .  .  . 
Ditto  ditto  .  .  .  . 
Ditto         ditto        .      .      .  . 

A  square  of  plain  tiling  requires  one 
bundle  of  laths  and  nails,  one  peck  of  tile 
pinS)  and  three  hoda  of  mortar. 


Number 
requtrecl. 


Calculation  ov  Laboite. 

iJiyyer. — The  amount  of  digging  which  a  man  can  perform  in  a 
day  depends  so  much  on  the  nature  of  the  soil  on  whieh  he  has  to 
operate,  that  it  is  almost  impossible  to  fix  a  constant  for  this  de- 
scription of  labour :  the  following  data  may,  however,  serve  as  a 
slight  guide. 

In  loose  ground  a  man  will  throw  up  about  ten  cuMo  yards  per 
daj ;  but  in  bard  or  gravelly  aoils,  where  haddng  18  necessary,  from 
three  to  five  cubic  yards,  aooording  to  the  hardness  of  the  ground, 
will  be  a  fair  day's  work 

Wheeling  is  estimated  by  the  run  of  20  yards.  A  gang  of  three 
men,  two  for  filling  and  one  for  wheeling,  wiU  remove  about  30 
yards  per  day  to  this  distance ;  and  the  labour  of  removing  earlb 
may  be  calculated  according  to  distance,  allowing  three  men  to  the 
first  run,  and  an  additional  man  for  every  twen^  yards  of  ^Bstance. 

The  following  table^  although  far  from  complete,  contains  con- 
stants for  all  the  principal  descriptionB  of  bricklayer's  work. 
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Cougtant. 

To  to  nnltipUad  tgr 
CiMrato  of  mgM  ftr 
»l*boweri 


Concrete. — Labour  in  mixing,  wheeling,  throwing 
in  from  a  stage,  and  puddBng  (where  required  to 
be  done),  induding  erection  of  8caffi>Iding,  per 
yard  cube  33d 


JBrichmork,  per  rod 


Extra  labour  to  mahn  facings 


To  be  iDiiltipliecl  by 
the  rate  of  •wajcs  for 
a  brick  larer  aad  1%- 
booru:  por  daj. 

.  4.941 

To  Im)  maltipUed  bj 
th«  rat«  of  wagea  for 


.014 


per  yard 


To  he  maltipliec!  by 
tbe  rate  of  wages  tov 
a  bricklajcr  sMi  lA* 
boBrer  per  day. 


» 
$» 
99 


Brick  paying  laid  flat  in  sand  .  . 

Do.  laid  on  edge  in  sand    .  . 

Do.  laid  flat  in  mortar   .   .  . 

Do.  laid  on  edge  in  mortar  .  . 
Paying-brick  paying  laid  flat  in  sand 
Paying4>rick  paying  laid  on  edge  in  8and>  per  yard 

Do.  laid  flat  in  mortar   .   .  . 

Do*  on  edge  in  mortar  .  *  • 
Clinker  paying  on  edge  in  sand  . 
10  or  12  inch  tile  paying  •   .  . 


99 
99 
99 
99 


Tiling, 

Pan  tiling  laid  dry  

Do.  pointed  outside   .    .    .    .  , 
Do.  pointed  inside  and  outside 
Plain  tiling  laid  to  a  4-inch  gauge 
Do.    .     .     to  a  3  ^inch  gauge 
Do.    .     «    to  a  3-inch  gauge  . 


per  square 


99 
99 
99 
99 
99 


.046 
.075 
.066 
.084 
.046 
.106 
.075 
.121 
.132 
.010 


.422 
.685 
.790 
.735 
.764 
.790 


Sbot.  n,—Slate>^s  JForJL 

Slating  is  measured  superficiaUy^  and  charged  per  square  of  100 

feet. 

In  measuring,  allow  for  the  eaves  whatever  the  bottom  course 
measures,  and  for  the  hips  and  valleys  measure  their  length  by  12 
inchea,  viz.,  six  inches  on  each  side ;  also  the  length  of  all  irregular 
angles,  as  chimneys,  dormers,  &c.,  by  six  ioches  wide»  as  a 
fair  allowance  for  cutting  and  waste. 

For  drcular  alatii^  allow  one-third  extra. 
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Nails  required  to  a  square. 

Copper,  at 
per  lb. 

^  *o  CO  CO  C4 

Iron»  cast 
or  wrought, 
at  per 
hundred. 

GO  OD  ^  *fi 

^  el  eo  04 

Number 
required  to 

«> 

s  • 

I  ^ 

^>  Q  ^ 

Weight  per 
thousand  of 
1200  in  tons. 
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Example, — To  find  the  value  of  a  sij^uare  cf  duchees  slating 
copper  nailed. 

£    9»  d* 

No.  127.   DuchesBes,  at  per  thoueand  . 

2}  lbs.  of  copper  nails^  at  per  lb.  •       .  • 


 per  cent,  profit  ..... 

Labour  on  above,  at  per  day  ....  1 

Value  per  square    .      .  £^  

Sect.  III. — On  Carpenter^  and  Joiners'  Work, 

MBABUBING. 

There  are  two  methods  of  measnriiig  carpenters*  work:  mie 

by  taking  the  superficial  contents  of  roofs,  floors,  partitions,  &c., 
at  per  square  of  100  feet  for  the  labour  and  nails,  and  then  the 
cube  contents  of  the  timber  without  labour ;  the  other,  by  mea- 
suring the  cube  contents  of  the  timber  ss  cube  fir  and  labour, 
framed,  &c.  &c. 

If  the  scantlings  of  the  timber  are  small  or  light,  it  will  pay  the 
carpenter  best  to  measure  the  roofs,  floors,  &c.  as  labour  and  nails, 
and  the  timber  as  no  labour ;  but  if  the  scantlings  of  the  timber 
are  large  and  heavy,  then  it  wiU  be  more  to  his  advantage  to 
'  measure  the  work  as  timber,  with  the  partienlar  labour  thereon,  as 
follows : — 

If  the  work  is  measured  as  timber  and  labour,  the  scantling  of 
each  piece  is  taken  as  cube  fir  or  oak  and  labour,  and  entered 
accordingly;  as 

Cube  fir,  or  oak,  in  ground  joists,  bonds,  lintels,  plates,  &c,  labour 

and  naik^  induded. 
Do.  filmed  in  roofs,  partitions,  naked  floors,  &c.,  labour  and  nails 

included. 

Do.  •  do.  •  .  truss  fismed  •  .  do. 
Do.  wrought  and  framed  do. 

Do.  wrought,  framed,  and  rebated  ....  do. 

Do.  wrought,  £ramed,  rebated,  and  beaded,  labour  and  naib 

included. 
Do.  in  door-cases. 

Oak  trusses  put  into  girders,  per  foot  run,  stating  thdr  size,  a&  4 
inch  square,  &c 

In  measuring  for  labour  and  iiaiis  to  roofs,  naked  framed  floors, 
ceiling  floors,  quarter  partitions,  or  any  other  rough  iramed  work. 
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the  dunensioiiB  should  be  taken  from  the  ezteme  ends  of  the  tamber 
each  way^  to  asoertam  the  superficial  oontents  thereof^  as  kbour 
and  nails  at  per  sqiuure  of  100  superfidal  feet.  The  openings  to 
chimneys^  staarims^,  &c.  are  not  to  be  deducted,  as  the  trouble 
of  iraming  the  trimmers  and  the  joists  into  those  openings 
is  fully  equivalent  to  ninning  Ihe  joists  through  them.  The 
same  rule  must  be  observed  in  taking  the  labour  and  nails  in 
quarter  partitions,  as  doors,  &c.,  which  must  he  entered  in  the 
mcasiiring-book  and  valued  according  to  the  descriplion  of  the 
work^  as  follows : — 

For  Roofs* 
Labour  and  nails  to  common  shed  roofing. 
Do.      .      do.    wxtib  purlins. 
Do.      .      do.    vith  purlins  and  struts. 
Do.  do.    common  span  or  valley  with  purlins  and 

rafters. 

Do.   .   .      do.    span  with  collars,   doTetailed  into  sides  of 
rafters  notehed  to  receive  purlins,  filled  in  with  common  rafiers. 

Do.       .       do.     framed  with  principals,  king  posts^  tWO  stmts 

and  purlins,  filled  in  with  common  rafters. 
Do.       ,       do.    do.  with  king  and  queen  posts. 
Do.      .      da   common  kerb  roctfl 

For  FhoTt, 

Xiabour  and  nails  to  fir  ground  joists,  bedded  and  not  framed. 
Do,      .      do.    pinned  down  on  plates  and  framed  to  chimneys. 
Do.      .      do.    single  framed  fioors^  trimmed  todiimneyswid 
stairs. 

Do.       •       do.     with  girders  and  cased  hays. 

Do.      .      do.     framed  floors^  with  girders,  binding,  bridging, 

and  ceiling  joists. 
Do.  do.    to  common  framed  ceiling  floors,  with  binding 

and  ceiiiog  joibts. 

Quarter  PartUbns. 
Labour  and  nails  to  common  4  in.  quarter  partitions. 
Do.      .      do.      .        5  in.  do. 
Do.      .      do.      .         6  in.  do. 
Do.      .      do.    truss  framed  with  king  posts. 
Do.  do.      .do.      with  king  and  queen  posts. 

If  oak  is  used,  describe  it. 

Having  taken  the  labour  and  nails,  you  must  then  proceed  to 
take  the  timher  theiem,  which  must  be  entered  as  cube  fir,  or  oak 
without  labour. 
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In  roofs,  it  is  customary  to  take  the  highest  timbers  first,  as  the 
ridge  piec( ,  hips,  Sco.,  next  the  rafters,  and  so  proceed  downwards 
to  the  ceiliiit;  tloor. 

Iq  partitions,  floors,  &c.,  begin  with  the  timbers  of  the  largest 
scantlings.  Wherever  a  tenon  is  made,  the  length  must  be  taken 
from  the  ends  of"  the  tenon,  and  not  from  the  shoulders.  Likewise 
the  length  of  joLsts,  including  the  part  in  the  wall. 

In  measuring  king  and  (j  ueeu  posts,  take  the  whole  length  by 
the  soantling  of  the  shoulders.  The  parallel  pieces  sawed  out  ior 
the  abutment  of  the  prmcipoL  rafters  must  be  dednoted^  should 
they  exceed  2  feet  in  length  and  2}  inches  in  thickness;  but 
taken  5  or  6  inches  short  of  the  length  between  the  shoulders, 
as  the  saw  cannot  enter  with  much  less  waste.  But  if  the  pieces 
are  less  than  2}  inches  thick,  no  deduction  must  be  made>  they 
not  bemg  worth  more  than  the  labour  of  cutting  them  out 

B00F8. 

Hips  and  valley  to  be  taken  at  per  foot  run,  for  cutting  and 
waste. 

All  plates,  lintels,  discharging  pieces,  to  be  taken  as  bond 
timber. 

Glitter  plates,  diagonal  ties,  dragging  pieces  or  braces,  struts, 
and  tie-beams,  as  fir  fram^ 

Deduct  half  the  length  of  bond  timbers  running  through 
openings. 

Allow  the  length  of  dovetails  or  scarf  in  bond  timber,  but  only 

taken  as  bond  timber. 

Fixing  iron  straps,  screw  bolts,  haiiging  ditto, and  all  iron-wcfk, 
to  be  taken  and  allowed  extra. 

FLOORS. 

Oak  trusses,  let  into  breastsummers,  to  be  taken  at  per 

foot  run. 

(hk  king  or  queen  posts,  let  into  brestsummers,  eacli 
at  . 

Girders    sawed   down,  reversed  and  bolted,  per  foot  run 

extra. 

Letting  in  screw-bolts,  plates,  &c.,  each  extra. 
Comuiou  or  herring-bone  strutting  between  the  joists,  per  foot 
run  extra. 

Furrings  to  ceilings,  quarter  partitions,  battenings  to  walls,  &c., 
are  measured  by  the  square,  including  labour  and  nails,  and  valued 
according  to  the  thickness  of  the  deals,  used  from  }  to  3  inches 
2  M 
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thick.  Deacribe  tlie  battenmg  ^ther  as  famed  or  mdled  only^  or 
if  plu^ed^  or  if  with  horiamtid  backbgB. 

All  wall-hooks  and  hoU&sta  to  be  allowed  extra. 

Centring  to  groins,  Tanlts,  recesses,  kc — Talke  ihe  depth  by 
the  oiroumference  for  the  saperficial  dimenraons,  whlcK  is  valued 
at  per  square  tor  nse  and  waste,  materials  and  time.  1£  taken  in 
this  way,  the  whole  of  the  vaults  or  recesses  must  be  taken, 
although  the  same  centring  might  have  been  used.  But  where 
there  are  a  number  of  yaults  car  recesses  of  tbe  same  size,  the 
fairest  way  is  to  allow  tbe  whole  of  the  materials  and  time,  or  if 
any  trifling  alteration  only  is  wanted,  to  allow  tiie  time  expended 
in  doing  it. 

Bracketing  to  cormccs,  to  be  measured  at  per  foot  '""^J^*- 
superf.,  according  to  the  girt,  viz.,  24|  inches  by  the  J* 
length,  as  whole  or  1^  inch  deal,  according  to  the  thick-  ^ 
nem  of  deals  used.   Some  allow  the  bracketiug  the  ^ 
same  girt  as  the  cornice. 

Cradling  for  entablatures,  measured  and  diarged  per  foot  supexf., 
according  to  their  thickness. 

All  circular  bracketing,  mdlings,  &c,,  to  be  charged  double 
those  of  straight  work. 

Ashlering  at  per  foot  supei  i.,  according  to  the  thiclmefw  of  the 
deals  used. 

Gutters  and  bearers. — Measure  the  length,  then  the  breadth 
of  the  bottom  and  half  the  eaves-board. 

Grutters  between  the  roo&  having  two  eave&-boards,  one  on  each 
dde,  take  for  the  width  of  gutter  one  of  them. 

Arris  or  fillet  gutters  per  foot  superf. 

Water  trunks  per  foot  run ;  describe  size,  and  allow  for  laps  and 
half  the  length  of  shoe. 

Sound  boarding.— 'Measure  the  dlnoLensions  between  the  joists  at 
per  foot  superf. ;  observe  if  single  or  double  fillets. 

Chimney  grounds,  per  foot  superf. 

If  the  side  grounds  are  very  narrow,  framed  only  for  small 
mouldings,  take  them  by  the  foot  run,  and  enter  them  as  narrow 

fr;iTiicd  grounds. 

Hinges  to  be  numbered  and  described. 

Skirtings,  either  plain  or  raking,  taken  at  per  foot  superf. 

If  on  narrow  grounds,  take  them  per  foot  run. 

If  plugged  to  the  walls,  allow  extra  for  plugging. 

Moulded  pliiilhs. — Measure  the  square  part  by  the  length  and 
width,  and  enter  it.  Whole  deal,  wrought  one  side,  rebated  and 
backed  plinth.  Girt  the  moulding,  and  allow  lialf  an  inch  behind 
the  plinth. 


Floorings — In  measttring  boarded  flooring,  the  dimennons  must 
be  taken*  allowing  the  thickneea  of  the  dditiiig,  and  valued  at  per 
square. 

Enter  tbem  acoording  to  tlieir  thickness,  and  if  yellow  or  white 
deal,  if  common  or  second  best  or  dean  deal,  if  laid  folding, 
straight  joint  or  dowelled* 

The  slabs  are  not  generally  deducted  if  they  have  mitTcd  bor- 
<1ers  ;  if  they  have  not  mitred  borders,  deduct  the  opening  or  slab 
from  the  flooriner.  If  the  deduction  ia  made  when  there  are  bor- 
dera,  the  borders  must  be  tnlccn  at  per  foot  run,  which  will  amount 
to  as  much  as  the  deduction  made  on  the  tioor. 

Moulding,  such  as  architraves,  round  doors,  windows,  &e.,  base, 
surbase,  &c.,  &c.,  are  to  be  measure  1  round  the  mitres  and  girt 
with  a  fine  tape,  and  entered  as  moulded  architrave,  l)a^e,  &c.,  as 
the  case  may  be.  But  in  the  abstract,  they  must  be  all  classed 
under  the  same  head  as  mouldings. 

Single  mouldings,  as  Q''  O  O  and  bead,  or  Q*"  ovolo  and  bead, 
&C.,  may  be  taken  at  per  foot  ran,  but  their  girt  must  be  described, 
as  they  will  be  valued  aooordingly. 

Doorcases,  linings,  &c.,  &o. — ^Doors  are  measured  and  valued  at 
per  foot  sapetfidal,  according  to  their  description.  Solid  doorcases 
are  taken  at  per  foot  cube. 

Door  linings,  grounds,  &c,  at  per  foot  superficial. 

If  there  is  a  siU,  take  it  the  same  as  the  head,  viz.,  by  making 
an  allowance  for  its  passing  under  and  beyond  the  jambs,  as  may 
be;  and  also  allow  the  additional  length  of  jambs  for  framing  into 
ditto.  If  a  stone  sill,  iron  shoes  should  be  secured  to  the  bottom 
of  jambs,  which  must  he  numbered. 

Sashes  and  firames,  shutters,  and  fitting  up  to  windows.— Take 
the  dimensions  from  the  bead8  of  sn-hes  on  the  inside,  and  aUow 
seven  inches  additional  heiprht  for  head  and  sill,  and  eight  inclies 
in  width  for  frames  in  common  sashes;  but  nine  inches  for  large 
sashes. 

French  sashes,  hung  on  hinges,  or  saahea  hung  on  centres  in 
solid  rraraes. — Take  the  sashes  se[)arate,  and  tlie  frames  as  directed 
for  doorcases.    If  Venetian  frames,  describe  them  as  buch. 

1£  mouldings  up  munten,  take  them  per  foot  run. 

If  circular  heads,  take  tiie  sash  by  itsdf,  and  the  frames  as  run 
of  circular  frames,  as  per  description,  viz.,  with  beads,  parting 
slips,  &C.,  &c.,  as  may  be. 

Window  shutters  are  taken  per  foot  superficial,  allowing  for  the 
rebates. 

Number  the  sash  fastenings,  locking  bars,  spring  latches,  hinges, 
&c»,  &c 
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The  framed  grounds,  rebated  and  beaded  boxings,  lininirs, 
moulded  architraves,  &c.^  are  taken  per  foot  superficial^  similar  to 
the  doors. 

Staircases  are  taken  per  foot  superficial,  by  girting  the  riser  and 
tread  by  the  length  of  the  step,  allowing  extra  for  the  thickness 
of  the  skirting,  wliich  is  entered  in  the  measuring  bDok,  according 
to  ihdr  thickness  and  description^  viz.^  inch  deal  common  steps^ 
risers,  and  carriage. 

1 1  inch  deal  seoond  best,  steps,  risers,  and  oairiage,  with  modeled 
nosings^  dose  or  cat  string ;  or, 

1^  inch  deal  second  best,  S  B  &  C  M  nonngs,  mitred  to  receive 
brackets  or  string  hoards  and  retom  nosmgSy  and  doyetailed  to  re- 
ceive balusters. 

1^  inch  clean  deal.  do.  da 

1^  inch  (dean  deal,  S  R  &  C,  to  geometrioal  stairs  on  a  circular 
plan,  the  riaexe  mitred  to  the  string  board. 

TALUATION  OF  CA&PJ&NT£BS'  AND  JOIITEBS'  WOBK. 

Memoranda, 

50  cubic  feet  of  timber  equal  one  load. 
100  feet  superficial  equal  one  square. 
120  deals  are  called  one  hundred. 

A  reduced  deal  is  If  inch  thick,  11  inches  wide,  and  12  feet  long. 
120  12  ft.  3  in.  deals  equal  5|  loads  of  timber. 
400  feet  superficial  of  If  inch  plank  or  deals  equal  one  load. 
Planks  are  11  inches  wide,  deals  9  inches,  and  battens  1  inche?. 


A  square  of  flooring  requires — 

Number  of 
12  ft.  boards. 

Laid  rough  I2f 

Do  edges  shot  12f 

Wrou^t  and  laid  folding  13 

]>o.   .   .   straigbt  joint  13f 

Do.   ...   da  and  ploughed  and  tongued  .  14 

Number  of 
Ig  fi.  battens. 

One  square  of  wrought  folding  floor  requues  .  17 
Do.  straight  joint  18 


WSIORT  OF  tucbeb. 


39cnbicfl9et  of  oak   .      .      equal         .      1  ton. 

65  ,,        fir     .      .  .  do. 

66  „        deals  .      .         „  .  do. 
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it 
»» 


1  ton 

do. 
do. 


60  cubic  feet  of  elm  .      .      equal  to 
51  beecb 

45       „  ash 
34        „  mahogany  . 

Calculation,  showing  the  method  of  ascertaining;  the  Valfk  of 
a  Cube  Foot  of  J^^is  or  other  timber  from  the  prime  cost 

£  s,  d. 

 5   0  0 


prices : — 
Fir  timber  at  per  load,  say 
Carriage  (according  to  distance) 
bawiog  on  an  average 


0  5 
0  10 


0 

0 


Waste  in  converting,  ^ 


5  15 
0  11 


0 
6 


SO  per  cent  pro£t 


6 
1 


6 
5 


6 


£  d. 
1    11  9| 

50 


7  11  9i 


=  Ss,  O^d,  per  foot  cube. 


Labotir. 

Nails. 

Days. 

9.  d. 

.650 

2  0 

2  0 

.169 

The  constants  in  the  followini^  tables  are  to  be  multiplied  by  the 
rate  of  wages  for  a  carpenter  per  day. 

LABOUR  AND  NAILS  TO  BOOFS. 
At  per  aquKce  of  100  atvecfieial  feet 


To  common  shed  roofs,  one  story  high 


If  three  do.  add 
Common  span  or  valley,  with  purlins  and 

rafters  two  stories  high  .....  1.000 

If  three  stories,  add  084 

Framed  roofs,  with  collars  dovetailed  into 

sides  of  rafters,  notched  to  receive  pur> 

lins,  and  filled  in  with  common  rafters 
Boofs  ftamed  with  prindpals,  king  posts, 

purlins,  braces,  and  common  raflters 
Do.  do.  with  king  and  queen  posts. 
Common  kerb  roofs  on  one  side 
If  two  mdes,  add 
If  three  ndes,  add  . 
If  above  two  stories,  add  . 


2 


.  1.906 

3 

6 

.  2.940 

4 

0 

.  3.170 

4 

0 

.  1.125 

2 

0 
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LABOUB  AND  HAILS  TO  NAKED  FLOORS. 
At  per  flqane  of  100  niperflcial  £ie«t. 


LalKjur  Nails, 

days.  $.  d. 

Ceiling  floordj  joists  only  584  1  6 

Dob  ^med  with  tie-beams  834  1  9 

Do.  with  binding  and  oeilii^  joists   .             .  1.000  1  II 

Gronnd  joists,  bedded  but  not  framed      .      .  .500  1  6 

Do.  pinned  down  on  plates  and  firamedtoohinmeys  .836  1  6 
Single  framed  floora  trimmed  to  chimneys  and 

stairs                                                    1.050  1  9 

If  above  9  in.  deep,  add  169 

Framed  with  girders  and  cased  bays  ...  .  1.700  3  0 
Framed  with  girderajbindiTigj  Kridgingj 

and  ceiling  joists                                    2.600  4  0 

LABOUB  AND  NAILS  TO  QUABTEB  PARTITIONS. 

At  ]»er  aqottre  of  100  superficial  fiset 

Ck>mmon  4  in.  partitions  900  1  3 

Do.        5in.     dOb       .      •      .      .      .  1.050  1  6 

Do.        6  in.     do.  1.100  1  6 

Trass  framed  with  king  posts   ....  1.736  1  6 
Do.  with  king  and  queen  poets  ....  2.000 
If  oak,  extra  one-third. 


LABOUR  ON  FIR  TIHBSR. 


At  per  foot  cube. 

Days. 

Cube  fir  bond  063 

Do.  framed  .126 

Do.  trass  framed  168 

Do.  framed  and  chamfered  168 

Do.  wrought  and  framed       ......  .210 

Do.  do.  and  rebated  .252 

Do.  W,  F,  R,  and  beaded  294 

Do  W,  F,  R,  and  D  beaded  336 

Do.  proper  doorcases  37g 

Planing  fir  per  foot  superf.    .       .       .       ,       .       .  .014 


Bond  timbers,  wall  plates,  wood  bricks,  pole  and  kerb,  &c,  are 
all  to  be  under  the  head  of  bond. 
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Calculation,  showmg  the  method  of  finding  the  Value  of 
Deals  or  Battbito  from  the  prime  cost  prices. 

£  t.  d 

Prime  cost  per  hundred  of  12  ft  3  in.  deals,  saj  .  35  0  0 
Caniage  according  to  distance  0  10  0 

35  10  0 

20  per  cent  profit  7  2  0 

£     s.    d.                                                  £42  12  0 

120  «7s.ld.tobeallowedinday.baie 

for  each  3  in.  deal  0   7  1 

In  measured  work,  allow  for  waste,  .0  0  8} 

0   7  9| 

In  calcula^g  the  value  of  deals  in  thicknesses,  add  the  Taloe  of 
the  sawing,  according  to  the  nnmher  of  cuts. 

Every  riae  and  fall  of  92.  per  hundred,  wiU  increase  or  dimmish 
tho  price  of  deals  as  near  as  pogsible,  per  foot  superficial,  \d.  per 
inch  in  thickness.  Thia  rnlo  will  be  found  sufficiently  correct  for 
practice  where  the  quantities  are  not  large;  where  they  axe,  the 
exact  calculation  should  be  made. 


LABOUB  ON  DEALS,  AT  PBB  FOOT  SUFBBVICIAL. 

In  order  to  fiioilitate  the  fixing  of  proper  prices  for  the  labour 

on  deals,  at  per  foot  superficial^  the  diiflferent  descriptions  of  work 

wliicli  have  always  been  considered  of  equal  value,  arc  classed  to- 
getln-r,  |jy  vvliich  the  system  adopted  for  valuing  the  various  sorts 
of  labour  on  deals,  will  be  rendered  more  simple  and  easy;  over 
the  column  in  which  is  inserted  each  kind  of  work  of  equal  value, 
is  placed  the  decimal  wliich,  multiplied  by  the  rate  per  day  allowed 
for  a  carpenter  at  the  time  and  place  where  the  work  is  perfonned, 
will  dhow  the  fair  and  equitable  price  to  be  allowed. 
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For  doals  from  |  to  1}1 
iu.  thick   .   .    .  . } 

For  deals  ftom  2  to  Sj 
in,  thick    .   .  .  j 

No.1. 

No.  2. 

Ned. 

No.  4. 

.009 

.018 

Edges  shot;. 
Flnggsd. 

Jacked. 
Bouaded. 

.019 

.027 

Labour  and 
noils. 

Planing  on 
each  side. 

Grooved. 

Rebated. 

Plouglicd  & 
toiicucd, 

BYamed. 

Battened. 

Mitred. 

Scribed. 

Backed. 

Throated. 

damped. 

Beaded. 

.027 

.037 
Gut  circular. 

•087 

jm 

Cat  standard! 
Smik  Shelves. 

Scolloped. 

Lodged. 

Dovetailed. 

BAITENIKa,  P£B  SQUARE. 


Labour.  Nails. 

Days.  s.  d. 

2  iiu  to  1  ^  in.  12  in.  from  centre  to  centre  .       .    .590  2  0 

If  plugged  to  walls,  add  170  1  0 

Ij^tra  tor  wall  hooks. 

WBATHEB  BOARDING,  FEB  SQUARE. 

Bough  420  2  6 

Ditto  ^yed  edges  B80  3  0 

Wxou^t                                                      1.000  3  3 

Ditto  and  beaded  1.255  3  6 

HOUGH  BOARDING,  PER  SQUARE. 

i  in.  deal,  rough  500  2  6 

Da     •    edges  shot  667  3  0 

Do.     .    ploEghed  and  tongued      .      .      .   .750  3  0 

Inch  deal,  ron^  o42  2  9 

Do.     .    edges  shot  709  3  0 

Do.     .    ploughed  and  tongued      .            .   .918  4  0 

Whole  deal,  rough  584  3  0 

Do.      .     ccl^rru  shot  750  3  6 

Do.      .     ploughed  and  tongued       .       .       .  1.042  4  0 

1|  in  deal,  rous:h  667  3  0 

Do.      .     edges  shot         .....    .862  3  6 

Do.     .    ploughed  and  tongued       .      .      .1.167  4  0 


DEAL  FLOORS,  PER  SQUARE. 

Inch,  rough  edges  shot       .      .      .      •      ,   .765      2  6 


CARPENTEE  AND  JOINEB. 
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IjaT)Our.  Nails. 

Days.  s.  d. 

Do.    wroiicrlit  foldlnjy         .       .       .       .       ,  1.180  2  6 

Inch,  wnmght  loiding  straight  joint     .       •        .  1.500  3  6 

Whole  deal,  rough  edges  shot  840  3  0 

Do.  .  wrought  folding  ....  1.255  4  0 
Whole  deal,  wroi^ht  straight  joints  splayed 

headings  •      •  1.760  4  6 

Do.   .   .   da  dowelled         ....  3.170  8  0 

in.  deal^  rough  edges  shot  920  3  0 

Do.    .     wrought  folding       ....  1.340  4  0 

Dow    •       do.     straight  joint,  splayed  heading  2.000  4  6 
If  ploughed  and  tongued  headings,  add       .      .  .295 
If  ploughed  and  tongued  edges,  add    .      .      .  .510 
For  tongues  to  edges  of  boards,  add    .      .    ,  .  ,840 


BATTEN  FLOOBSf  P£B  6QUA££. 


.  1.500 

4 

6 

Do.   straight  jomt,  splayed  headings 

.  1.792 

4 

9 

1:11;  in.  wrought  folding       .       .  . 

.  1.667 

6 

0 

Do.   straight  joint,  splayed  headings 

.  2.167 

6 

3 

.  4.167 

10 

0 

If  ploughed  and  tongued  headings,  add 

.  .431 

If  ploughed  and  tongued  edges,  add 

.  .7.50 

For  tongues  to  edges  of  boards,  add 

.  1.250 

If  battens  less  than  5  in.,  add 

.  .334 

FSAMED  GfiOUNDS,  PSB  FOOT  SUPEBFICIAL. 

Labour 
aadNaile. 


Common  ftamed  grounds   063 

1  in.  do.  ploughed  for  plastering  070 

l^in.  do.    do.  do.   076 

1|  in.  da    do.  do.   083 

8KIBTINQS,  PER  FOOT  SUPERFICIAL. 

Plain  skirting   037 

Do.   raking  cut  to  steps   070 

Torus  skir^ig  065 

Do.   raking  cut  to  steps   085 


QUTTEBS  AND  BEAKEBS,  FEB  FOOT  SUPBBFICIAL. 

Inch  or  whole  deal  076 
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D0O&  LININGS^  P£&  FOOT  SUP£BFICIAIi. 

Labonr 

and  KaQs. 


Plain  single  rebakd  056 

Do.  and  beaded  063 

Do.  double  rebated   070 

T)').    do,    and  double  beaded  .....  .077 

Square  framed  jambs,  each  in  2  paneLsand  eoffit  in  1  panel  .105 
If  bead  butt,  or  iuuuided,  add  .       ,       .       •       .  .013 

Bead  flush,  or  quirk  moulded  ♦       .       .       .       .  .027 

Raised  panel  and  niuuUed  .042 
For  every  extra  panel  if  square        .....  .021 

Do.  flneh  or  movdded  027 

If  double  rebated   021 

If  double  beaded  OlS 

L£I>6£]>  DOOBS*  PER  FOOT  SUFERFIOIAL. 

1^  ku  rough  edges  shot  .065 

Add, 

If  ploughed  and  tongued   013 

If  ploughed  and  beaded  «  .021 

If  wrought  each  side  013 

If  braced   027 

If  hung  foldmg  021  . 

If  1  in.  thick  Oia 

FRAMED  PARTITIONS,  PEE  FOOT  SUPEEPICLAL. 

1^  in.  square  framed  065 

2  in.  do.   076 

Add, 

If  BB  or  mouldt  (1  027 

If  BF  or  quirk  moulded   042 

DEAL  MOITLDINQSj  FIXED  OOMPLETB. 

Common  mouldiiigs  ,  ,  .  ,  ,  .  .  .128 
Add,  if  quirked  028 


The  materials  for  mouldings  in  deal  will  be  found  near  as 
possible  of  the  same  value  as  tiie  labour.  Small  mouldings  may 
be  measured  at  per  foot  run^  and  valued  according  to  the  girt 
and  form* 

DOO&S  HUJNG  COMPLETE,  PfiE  FOOT  BUPEAFiCIAL. 

Two  panel  square  framed  .070 

Add,  for  every  additional  two  poneb; 


CABFENTER  AND  JOINEB.  563 

Labour 

II  tramed  Bquare, 
For  1)  in.  deal  ,019 

2  iiL  do.  021 

2im.  do.  027 

If  firamed  BB  and  square^ 

For  li  in-  deal  021 

2  in.  do.  024 

2|  in.  do  027 

If  framed  B  F  sod  square^ 

For  If  in  deal  027 

2  m.  do.  037 

2|  in.  do.  042 

If  firamod       O  Gr  and      and  square,  or  Q  0^*  and  B*^ 
and  sqtiarc. 

For  1|  in.  deals  021 

2  in.  do.       .       .       .       ,       ,       ,       ,       ,  ,0*24 

2^  in.  do  027 

If  doable  margins  4^  in.  wide  021 

Bo.  5^  or  6  in.  do  042 

Hung  folding   013 

WINDOW  UNJNGS,  PEK  FOOX  SUPERFICIAL. 

Inch  deal  two  panel  square  framed  back  linings        .      .  .101 

If  B  B  or  moulded^  add  013 

BF  or  qoirk  moulded,  add  .021 

For  each  panel  above  two,  if  square  .021 

Bo.  do.  if  moulded  027 

If  spibiyed  007 

WINDOW  BACKS,  ELBOWS,  AND  SOFFITS,  PEE  FOOT  SUPBfiFICIAL. 

Indi  deal,  plain  keyed  or  two  panel  square  backs  •  .  .085 
Bo.  two  panel  square  backs,  elbows  and  soffits  .  .  .098 

Add  for  each  panel  above  three. 

If  splayed  010 

If  bead  butt  or  moidded   .013 

B  F  or  quirk  moulded  021 

BOXINGS  TO  WINDOWS,  PBB  FOOT  SUPBBFICIAL. 

Framed,  rebated,  and  beaded  boxings  101 

Splayed  F  R  and  beaded  boxings  120 
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INSIDE  WIKDOW  SHUTTEBS,  PBR  FOOT  SUPERFICIAL. 

Xjabour 

j  in.  deal  damped  flaps  in  one  lieight  120 

Inch  do.  two  panel  square  in  one  heiglit  125 

For  every  panel  above  two  add« 

If  framed  square  022 

If  BB  ormonlded   .022 

B  F  or  Q''.  moulded  026 

QOe&b,orQO&b&  square  026 

For  every  extra  height  add  .013 

SASHES  AND  FBAM£S  HUNG  COMPLETE,  FEB  FOOT  SUPEBFICIAL. 

Sashes — 

1|  in.  deal  ovok>  sashes  049 

Do.  wainscot  or  mahogany  070 

If  2  in.  or  2iin.  sashes  deal,  add  .021 

If  do.  wainscot  or  mahogany,  add  .028 

If  astragal  and  hollow  in  d^U,  add  013 

If  do.  in  wainscot  or  mahogany,  add  021 

Frames — 

Deal  cased  frames  O  S  silla,  DPPB&PS,S  hung        .  .070 
If  prepared  for  2  or  22in.  saslies,  add  .....  .013 

If  prepared  with  wainsoot  or  mahc^any  P  P  B^^  &  P  slips 

add   085 

If  for  2  or  2^  in.  sashea  add  019 

If  double  hung,  add         ,       .  013 

To  find  the  value  of  sashes  and  frames,  add  to  the  above  for 
labour  and  nails  only,  the  amouui  of  materials  expended. 

8TAIBCA8ES9  PEE  i'OOT  SUPi^RFlCIAL. 

Common  steps  and  risers  and  two  fir  carriages         .      .  .070 

Do.  moulded  nosings  and  dose  strings  098 

Do.  do.  mitred  to  cut  string-boards  and  dove-tiuled  to  halusteis  .127 

Add, 

If  windera  circular  one  end  042 

Do.  circular  two  ends  085 

Do.  geometrical  wit  h  wrougiit  and  blocked  carriages  .  .  .056 
Eiser  tongued  to  step  bottom  edge    .       .       .      .       .  .021 

Do.    do.  both  edges  042 

Feather  tongue  joints  021 

Add  for  each — 

Quarter  curtail  glued  upright   06 7 


GABFENTEB  AMD  JOINEB.  565 

Labour 

Bo.  blocked  and  veneered  

Ftoper  onrtail  step  and  riser  3.334 

Betumed  moulded  nosmg  

Do.  circular  -417 

Plain  cut  bracket  250 

Do.  circular   417 

Housing  to  step  and  riser   098 

Do.  to  "winders  ^  25 

Do.  to  moulded  nosings   167 

Do.  to  do,  circular  ends  

OUTSIDB  8TBIN68  TO  STAIRS,  FBB  FOOT  8TJFESFICIAL. 

Whole  deal,  plain  084 

Do.  sunk  098 

Do.  sunk  and  moulded  112 

Do.  da  out  127 

Dob  do.  mitred  to  ris^    ....  .  .140 

If  wreatted, — four  times  the  above. 
If  ramped,— once  and  half  do. 

WALL  STBINGS,  PBB  FOOT  8UFEBFICIAL. 

Plain  and  plugging  •  •  -^80 

If  moulded,  add  -021 

If  rebated  for  plastering,  add  '028 

i>AI>08,  P£B  FOOT  SUPEBFICIAL. 

Pi-oper  dado,  with  dovetailed  keys,  joints  secured  with 
slips,  and  dovetails  hung  to  grounds  by  keys  grooved  into  - 

do.  and  dado  

Add, 

1£  raking  scribed  to  steps   

Do.  to  moulded  noongs  .      .      .     , .      •  • 

If  base  grooved  into  floor  

For  each  external  mitie  be  jond  two  in  the  room      .      •  •228 
If  oireular  on  the  plan, — double  the  above. 
If  wreathed  do,— treble  da 
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OOLUIINS  AMD  PILA8TBBB  FSB  FOOT  SUPEBFICIAL; 

Labour 
•nd  KailB. 


1  ^  in.  deal  plain  pilasten^pfoperty  glued  and  blocked       .  .112 

Do.  do.  diminichffl    ........  .153 

1;^  in.  deal  dimiinshod  colvimiis,  properly  glued  and  blocked, 

under  14  inches  diameter  .420 

Do.  do.  above  do  360 

Add  for 

Arris  or  deep  fluting  to  pilasters,  one  inch  wide         .       .    .02 1 

Do.  two  inches  wide  028 

Do.  three  inches  wide  042 

Arris  or  deep  fluting  to  columns,  one  inch  wide       *      .  •027 

Da  two  inches  wide  042 

Do.  three  inches  wide  .056 

Straight  grooves  to  columns   .021 

Headings  to  flutes  to  do.  070 

Straight  grooves  to  pilasters  013 

Headings  to  flutes  to  do.   042 


Sbction  IY.— W(^k, 

The  changes  for  sawyers'  work  are  often  very  inconsistent,  and 
diiFer  widely  in  various  parts  of  the  country. 

The  proper  mode  of  valuing  the  labour  on  sawing  fir  or  any 
other  kind  of  timber  is  by  tlie  square  of  100  auperficial  feet,  the 
price  depending  on  the  usual  rate  of  wages  and  the  hardness  of  the 
timben 

Sawing  to  old  timber  is  usually  charged  double,  on  account  of 

the  extra  labour  occasioned  hj  nails,  &c; 

Small  scantlings  may  ho  clmrged  by  tlic  foot  run. 

Planks^  deals,  battens,  and  flat  cute,  according  to  their  length, 
at  per  dozen  cuts. 

And  all  other  descriptions  of  saw j era'  work  rnay  ha  valued  in  a 
similar  manner,  according  to  the  circumstances  of  the  case. 

Section  V. — St<me-Mat<m£  Work. 

There  is  a  variety  of  opinions  respecting  the  manner  of  mea- 
suring stxjnc-masona  work,  both  in  taking  the  dimensions  for  the 
stone,  and  also  for  the  labour.  It  certainly  requires  more  practi- 
cal knowledge  of  the  operative  or  working  part  of  the  buedness 
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than  any  other  trade,  to  detennine  correctly  between  these  con- 
flicting opimonB.  l?he  following  rules  may  be  oonridered  suffi- 
ciently explanatory  of  the  principle  on  which  the  practice  is 
goyemed  or  founded. 

In  ineasnring  cube  Portland  or  other  stone ;  all  stones  that  are 
worked  square  should  be  taken  accurately  as  they  come  from  the 
saw  to  the  banker,  of  course  includiug  the  parts  laid  on  or  pinned 
into  tlie  walls.  But  as  bevelled  or  irregularly  formed  stones  can- 
not be  converted  withoiit  more  waste  than  squar*  oik  the  dimen- 
gions  should  be  taken  so  as  to  make  a  fair  allowance  for  such 
additional  waste,  particularly  aa  the  solid  contents  of  all  the  dif- 
ferent descriptions  of  Portland  stone,  whatever  shape  the  stones 
may  be  worked  to,  are  abstracted  under  the  same  head,  (viz.,  cube 
Portland,)  and  therefore  should  be  of  the  same  value ;  but  which 
cannot  be  the  case,  unless  the  extra  waste  in  the  bevelled  stone, 
&c.,  is  allowed  for  in  taking  the  dimensions.  When  this  is  done, 
it  is  only  requisite,  in  estimating  the  prime  cost,  to  calculate  for 
the  waste  as  if  all  the  stones  in  the  bidlding  were  cut  and  worked 
sqnare.  If  this  method  were  not  adopted,  it  would  be  requisite, 
in  ascertaining  its  real  value,  to  make  so  many  different  heads  in 
the  abstract  for  cube  Portland,  as  there  are  different  shaped  or 
bevelled  stones^  accurately  describing  each;  when  the  calculations 
for  waste,  and  of  course  the  price,  must  vary  according  to  each 
particular  form,  the  trouble  of  which  would  be  endless,  and  without 
any  advantage;  indeed,  it  would  come  to  the  same  thing,  viz., 
making  the  necessary  allowances  for  waste,  according  to  the  form 
of  the  stone.  Bevelled  or  arch  stones  should  be  taken  abont  one- 
sixth  above  the  mean  dimension  to  allow  for  waste. 

In  measuring  the  eubic  contents  of  spandrel  steps,  some  diffe- 
rence of  opinion  exists  aa  to  the  best  nu  tin  d  of  taking  the  re- 
quisite dimeosioDS.  The  following  three  methods  arc  in  common 
use,  y\z.: — 

1st.  Take  the  length  of  the  step  hy  its  extreme  width,  and 
by  the  whole  height  of  the  riser  meaaured  from  tread  to 
tread. 

2nd.  Take  the  length  of  the  step  by  the  extreme  width  from  the 
nosing  of  the  tread  to  the  acute  angle,  and  by  half  the  height  of 
the  riser  taken  from  the  top  of  the  tread  to  the  acute  angle 
downwards. 

3rd.  Take  the  length  of  the  step  by  its  extreme  width,  and  by 
three-fifths  of  the  depth  of  the  riser  taken  from  the  top  of  the  tread 
to  the  acute  angle  downward. 

A  better  way  than  either  of  the  above  methods  is  to  take  the 
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length  of  the  step  by  a  dimension  found  as  follows,  allowing  half 
an  indi  on  each  step  for  waste. 

1   3  width  of  step. 

6     2  base  of  rectangle. 
  4  half  do.  of  triangle. 

6 


This  j^ves 

5  0 
1  3 
6 

 3   1  6  as  before. 

In  measuring  winders,  the  content  may  be  found  in  the  same 
way,  taking  the  extreme  Icngtli  of  the  step  by  the  mean  sectional 

area,  making  clue  allowance  for  waste. 

The  kbour  on  the  under  side  to  be  taken  as  circular  sunk 
work. 

All  stones  exceeding  tliree  inches  thick  should  be  taken  as  cube 
measure,  with  the  labour,  &c.,  on  do. 

All  stone,  three  inches  thick  and  under,  should  be  taken  as  slab, 
at  per  foot  superfidlal. 

The  usual  custom  has  been  to  measure  in  such  edges  as  are 
worked  and  show  fair.  Objections  have  been  made  to  tins  prao- 
tice,  and  with  some  degree  of  justice ;  but  it  will  make  very  little 
difference,  if  the  edges  of  thin  slabs  are  measured  separate,  and  a 
fair  price  aUowed  for  the  Ubour;  and  for  cutting  into  najrrow  pieces 
for  mantles,  jambs,  &c,  it  would  be  nearly  equal  to  the  value  of 
the  stone ;  but  m  thickslabs  the  same  argument  will  not  hold  good ; 
and,  therefore,  as  the  olgeot  in  measuring  work  should  be  to  ascer- 
tain its  real  yalue,  and  albw  only  a  feir  remunerating  price,  it 
appears  more  correct  to  measure  the  labour  on  the  edges  at  per 
foot  run,  oflfering  a  feir  price,  according  to  their  thickness,  instead 
of  entering  it  as  stone.  An  extra  price  should  be  allowed  for  very 
krge  scantlings,  also  for  hoisting  stones  on  exceedingly  high  build- 
ings, according  to  drcumstances. 
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LABODB  OM  P0B7LAin>  OB  OTHSB  STOMIL 

In  measuring  the  labour  of  working  Portland  stone,  the  priucipai 
difi^euce  of  opnion  arises  in  determining  what  fac€s  or  beds 
should  be  taken  as  plain  work.  In  superior  work,  a  plain  &ce  must 
be  taken  previous  to  measuring  the  sunk^  moulded^  or  other  work, 
when  the  mould  could  not  be  applied  without  first  making  that 
plain  face.  There  cannot  be  much  di£ferenoe  of  opinion  in  taking 
the  oth^  labour,  such  as  sunk  work^  moulded  work,  drcular^unk 
or  circular-moulded  work,  &c,  which  must  be  girt  as  it  appears 
when  the  work  is  finished,  but  which  is  not  always  iJie  case  with 
the  plain  work;  and  therefore  it  is  requisite  to  know  the  manner 
in  which  the  work  is  executed,  to  form  an  accurate  conclusion,  and 
to  do  justice  to  the  workman  in  its  measurement 


WEIGHT  OF  ST09S. 


Purbeck  stone 

14  cubic  feet 

weigh  one  ton. 

Portland 

16 

»» 

do. 

Bath 

11 

n 

do. 

Torkdure 

15 

f9 

»i 

do. 

Qranite 

IH 

99 

do. 

Marble 

13 

99 

do. 

Purbeck  paving  . 

50  feet  si^erf. 

do. 

Do.  step  13  hj  6^ 

25  feet  run 

do. 

Valuation  of  Laboub. 

2'able  of  Constants  for  the  different  descHptiom  of  Masons,  Work. 
N.B.~Tlie  fiutor  to  be  applied  is  the  lato  of  wages  for  a  nuunn  per  day. 

Labour,  squaring  and  lajing  new  York  or  Purbeck  paving 


per  foot  superficial  021 

If  in  courses,  add  .      *  010 

Labour  on  PorUand  or  dmilar  stone  per  foot  superfidal. 

Sawing  to  be  taken  as  half  plain  work. 

Plain  work  to  bond  stones   .   per  foot  superf.         •      .  .140 

Bo.    to  beds  and  joints     .do.         ...  .181 

Do.    rubbed  face     .      .      do.         ...  .209 

Do.     do.  circular      .       .      do.          ...  .291 

Sunk  work  rubbed     ...      da         ...  .250 

Do.     do.  drcular      .       .      do.         .      .      .  .313 

Moulded  work  rubbed      .       ,       do.          ...  .292 

Do.      do.  circular      .      •       do.         ...  .417 
2n 
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Circular  work  to  shafts  of  columns 

haviog  the  neck  moulding  or  part  of 

the  base  worked  in  the  same  stone     per  foot  superf. 
Ciicnlar  drcular  or  spherical  work  to 

domes  or  balls  ....  do. 
If  mbbed,  add  extra  ...  do. 
Taking  up^  squaring,  and  relaying  old 

paving  do. 

Add,  if  in  courses     ....  do. 

Labouk  on  Statuary  oe  Vein  JMabble, 

Incbtdmff  Sawntg,  Working  ^  and  PoluMng, 

Plain  work      ....     per  foot  sapeif. 


Circular  work 
Sunk  work 
Moulded  work 
Circular  sunk  work 
Circular  moulded  woi& 


do. 
do. 
do. 
do. 
do. 


ON  OLD  WOBK. 


,334 

.500 
.049 

.042 
.015 


.875 
1.250 
1.667 
2.334 
2.334 
3.000 


Old  ydn  marble  chimney  reset       per  foot  superf.         .  .125 
Do.    do.  squared  and  reset  .        do.  .       .  .167 

Do.  do.  sanded,  grounded,  and  squared  do.  .  .  .209 
Do.  do.  and  reset  .  .  .  do.  .  ,  .250 
Do.    do.  cleaned  and  reset    .        .       do.  .       .  .250 

Do.    do.  sanded,  polished,  and  reset       do>  .       .  .375 

Do.   do.  ga.wed,  sanded^  poHshed^  squared, 

and  reset  do.         .      .  .626 

In  the  west  of  England,  and  all  the  counties  in  w  Idch  stone  is 
abundant,  it  is  usual  and  customary  to  build  with  the  rougk  stone 
of  the  country,  and  the  praotioe  generally  is  to  measure  the  walls 
by  the  perch  of  18  superficial  feet,  supposing  them  24  inches  thick ; 
to  which  thickness  all  the  walls,  whetiier  more  or  leas,  are  reduced 
by  multiplying  the  superficial  contents  by  the  thickness  in  inches, 
and  dividing  them  by  24;  or  they  may  be  reduced  to  the  cube 
perch  of  36foet:  but  some  regdate  the  prices  per  perch,  according 
to  the  thicknesfl  of  the  walls. 

In  measuring  the  work,  some  contend  to  girt  the  quoins  and  all 
projections,  as  they  say,  to  pay  them  for  the  extra  trouble  in  work- 
ing and  setting  the  stones ;  but  this  should  not  be  allowed,  except 
for  labour  only ;  and  even  then  it  is  much  foirer  to  measure  the 
quantity  of  walling  as  it  is,  and  make  a  proper  aUowance  for  the 
extra  labour,  either  in  quoins,  chimney  breasts,  flues,  reveals,  &c. 
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Sect.  Yh—On  Mtcmnng  FUu^bereri  Work, 

Plasterers*  work  is  taken  superficially^  and  valued  by  the  square 
yard  of  9  feet 

If  cornices  are  round  the  room,  take  the  ceiling  only  to  half  the 
projection  of  the  cornice,  or  one  projection  in  and  one  out;  or  mea- 
sure the  cdlings  dear  of  the  comiees,  and  take  the  whole  of  their 
projection  as  lathing  and  priddng  up. 

If  the  cornices  are  hracketed,  measure  the  ceilings  dear  of  the 
cornice. 

The  aides  of  the  room  should  be  taken  from  the  ground,  through 

the  bed-mould,  or  half  the  height  of  the  comioe. 
If  on  brick,  or  bracketed,  take  them  only  to  the  bottom  of 

cornice. 

In  taking  the  length  of  cornices,  measure  the  size  of  the  room, 
taking  one  projection  in  and  one  out,  and  them  from  the  mould, 
or  from  the  ceiling  to  the  wall  line. 

Number  all  the  angles  in  the  room  above  four,  as  extra.* 

In  taking  cornices  where  there  are  coves,  take  the  coves  as  su- 
perficial of  cove  to  cornices,  and  allow  1  inch  extra  on  the  girt  of 
the  cornice  for  the  return  of  the  mould  on  the  cove. 

All  enrichments  to  he  taken  separately. 

FriezeSi  under  the  cornice,  must  be  taken  as  superfidal  of  plain 
floated  frieze.  A  floated  ground  must  be  taken  under  all  enriched 
friezes. 

If  cornices  are  run  to  old  ceilings,  a  screed  must  be  allowed. 

Enriched  friezes,  ceilings,  or  soffits  must  be  measured  first  as 
plain  work,  and  then  the  enrichments  taken  separately  at  per  foot 
run,  an  !  a  ]  rice  fixed,  according  to  their  description  and  value. 

All  drcular  mouldings  and  enrichments  to  be  taken  one  face  in 
and  one  out. 

Take  first  the  ceiling  through  the  reeds. 

Second,  length  of  cove  above  the  cornice  by  2  ft. 

Third,  do.  of  moulded  comioe  by  1  ft.  2  in.,  being  1  in.  extra 
for  top  on  cove. 

Fourth,  do.  of  plain  floated  frieze  by  6  in. 

Fifth,  do.  of  moulded  architrave  by  8  in. 

*  The  praaent  pnctiGi^  however,  of  making  four  additknul  mitres  to  carry  the 
comioe  round  a  itrqjeotiiig  chimney,  is  as  Absurd  a  defi>rmity  «r  it  ia  an  extravagant 
WMte.  Even  ihe  architect"!  of  thp  last  generation  hnd  the  wt  to  keep  tlieir  ceiling  a 
simple  reetangle,  by  archiog  iu  brick  the  recenes  mi  each  aide  of  Uie  chimney. 
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Sixth,  kngdi  of  moulded  reeds  hy^iuu 
Bereab  to  windows  taken  at  per  foot  nm,  price  according  to 
width. 

Valuation  of  Plastbbbbs*  Wobx. 
OakulaHan  <if  MaleriaU, 

1  hundred  of  iidie  =  25  strike  bushels  (old  measure). 

Materinls.  Labour. 

lAn    ^  ^    ^    r  If  hd.  of  lime.  \  Plasterer,  labourer 

lOOywNtoof^rendcr  I  ^  ^^^^^^  j^^^  f    ^  ^^^^ 

set  leqnnre      j^^  ^^j^^j^    j^^^       j  ^ 

1  load  of  laths. 
10,000  nails. 
2^  hd.  of  lime. 
1|  dble.  Ids.  of  sand. 
iT  bushels  of  hair. 


130  yards  of  lath^ 
plaster,  and  set 
require 


Fkuiterer,  labourer 
and  boj,  six  days 
each. 


LATHING. 

1  bundle  of  laths  and  384  nails  will  cover  5  yards. 

BSNDBB  OITLT. 

1 J  hd.  of  lime. 


■  {; 


187}  yards  require   .       .      ^2  double  loads  of  saad. 

■  5  bushels  of  hair. 
Floating  requires  nu»e  labour,  but  not  more  than  half  the 
quantity  o£  stvS  as  rendering. 

BBTTING  ONLY. 

375  yards  require   .      .  / 

\6  bushels  of  hair. 

20  per  cent,  is  always  allowed  on  the  prime  cost  of  the  materials. 

Calculation  of  Labour. 

The  decimal  is  to  be  multiplied  by  the  rate  ai  wages  for  plas* 
terer,  labourer,  and  boy,  per  di^. 

Bough  render        ........  .019 

Floi^ngdo.   .021 

Settmg   016 

Lathii^  019 

If  circdar  work,  add  on  the  latiiing  and  also  on  each  coat 

of  plastering  008 

If  to  groins,  add  as  above         ...  .      •  .010 
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Sect.  VII. — Ironmongery. 

Nails  arc  sold  by  weight,  and  charged  by  the  hundred.  Screws 
at  per  dozen.  Iron  bolts  and  screws  at  so  much  each.  Brass  flush 
bolts  at  per  inch.  Puiieya  each,  according  to  diameter.  Hinges 
and  screws  at  per  pair.    Locks  at  80  much  each. 

Twenty  per  cent*  profit  is  allowed  on  the  prime  cost  of  aU 
ironmongery. 

Measurement  of  Iron-work. 

Cast  iron  in  girders,  story-posts,  columns,  &c.,  is  dutfged  by  the 

ton  or  the  cwt. 

MouUis  are  generally  chjirged  extra,  if  out  of  the  common  run. 

Articles  in  cominuu  diduiand,  as  cast-iron  water  pipes,  gutters, 
&c.,  are  sold  by  the  yard,  according  to  diameter. 

Cast-iron  in  raUings,  gratings,  casements,  brackets,  &c.,  is 
dbaiged  by  the  pound,  acoordiiig  to  the  nature  of  the  work. 

Wrought-iron  in  chhnney-bars,  railings,  hand-rails,  shoes  to 
piles,  &a,  is  diarged  by  the  pound. 

Sect.  VIII.— Potufer'*  WwL 

In  measnrlng  paint*  rs'  work,  all  work  not  cut  in  on  both  edges, 
must  be  taken,  including  edges  and  projections,  at  per  yard  si^uare 
of  9  feet. 

Work  cut  in  on  both  edges,  as  skirtings,  (K^nices,  shelves,  &c., 
are  measured  at  per  foot  run. 

Ornamental  work  iirst  taken  as  common,  and  then  superf.  of 
labour  to  ornaments  at  per  foot  superf.  or  run. 

Sash  finunes,  window  lights,  casements,  bars,  dormers,  ixontia- 
pieoes,  ehmmey-pieces,  &c.,  numbered  and  valued  at  each.  Sash 
squares  at  per  doz« 

Iron  or  wood  railings,  balusters  to  stain,  &c.,  are  measured  on 
both  sides  as  solid  work,  to  allow  for  the  extra  trouble  of  painting 
round  the  bars,  rails,  &c,  at  per  yard. 

If  ornamented,  add  extra  one  face  in  the  width  of  such 
ornamental  parts. 

If  ornamented  turned  balusters,  also  add  one  extra  &oe  as  far 
as  the  turned  work  goes. 

Handrails,  &c.,  gnuned  m^c^any,  first  measure  them  in  with 
the  balusters,  and  then  per  foot  run  for  graining. 

Soffits  to  windows  per  foot  run. 

Letters  or  figures  numbered  and  valued  at  per  inch  in  height. 
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Windows  and  doora  are  meaaured  thus : — 


WlHDOWS. 


ft-  ia. 

11  0 

5  5 


7  10 
6  0 


20  3 
1  2 


22  6 


ft.  is. 


Window  front. 


SkutterB 


ft.  In. 

7  6 

0  4  edges. 

7  10 

7  6  If  the  Imcks 

7  6<u«oiit«wi^ 

Q  9  thelioing* 

J  <»  must  b© 

 to  tbe  floor 

20    3  tlnn: 


ft.  In. 
4 

1 


6 

6  boxingB  and  edges. 


Beads  wiuahed,  snppoang 

them  to  be  mahogany  or 
WMUscoat  saahes  and  beads 


12  Bqtiares  varniBhed. 
X  lockiBg  bar. 


S<Hiie  only  allow  the  shutters 
to    taken  Uras :  .  .  . 


6  0 

J^^j.  linings  I 

4  6  soffit 
0  d  elbows 

26  3 

7  6 
3  9 

11  3 

11  a 


1  6  lioxiugii. 
0  6  edges. 


ft.  In. 

1  2 


2  0 

3  9  shutters. 

5  9  instead  el  6  feet 


f  N  1  frames. 
Tho    outside   of   window  J    1  dozen  of 
would  be  taken  as  ...  1    1  sUl,  ii  th 

V  iepainte 


aquafGR. 
the  stone  still 
painted. 


Dooss. 


2)7  0 
44 


16  0 
0  8 


Door  iroiitB  for  both  mdea 


{ 


4  0)  projection  of  archi- 
0  4j  traves. 


Linings 


6  6 

6  6 

3  0 

16  0 


4  4 

0  6/  edges  of  door  and 
0  2\r6l)ate6. 

0  8 


PAIKTBB. 
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VALUilTION  OF  PaIKTBB's  WOBK. 

Calailation  of  Materials, 

45  yards  of  woik,  Ist  coat^  indudingl  S  "Htm*  of  white  lead. 

knoitbg,  stopping,  and  eveiy  pre-  5  lbs.  of  putty,  litharge^ 

paration  reqniate  for  the  second  &c 

eoat,  will  require      ...  1  quart  of  oil. 

o      jjAii.         ^  f5  lbs.  of  white  lead. 

SeoondaodfonowugCMtB    .       |    i  quart  ol  oU. 

2u  per  cent,  profit  is  always  allowed  on  the  piime  cost  of  the 
materials. 

Cdetdaikni  qf  Labour. 

The  dedmal  to  be  'ntoltiidied  by  the  rate  of  wages  for  a  painter 
per  day: — 

first  coat,  inchiding  stopping,  &c.      .      •      .  .027 

Second  and  following  coats  019 

The  aboTe  data  will  suffice  for  the  yaluatum  of  common  work, 
for  which  alone  it  is  possible  to  lay  down  any  roles,  as  the  value  of 
decoratiiTe  work,  as  graining,  imitations,  &o.,  depends  i^n  the 
abiUty  of  the  artist,  and  the  manner  in  which  the  work  is  executed. 

Sbot.  IX.— Glazier^  Work. 

In  measuring  glaziers*  work,  the  dimenoons  must  be  taken 
between  the  rebates,  and  all  irregular  panes  the  extreme  size 
each  way. 

The  price  per  foot  must  be  calculated  from  the  prime  cost  per 
OEate,  allowing  for  carriage  and  20  per  cent,  profit.  The  larger 
the  panes  are,  the  more  difficulty,  risk,  and  waste;  consequent^ 
the  price  should  increase  in  the  following  proportionB : — 

ft.  in.     ft.  in. 

Fanes  whose  saperfidal  con-  "i  ^    ^  . 

tentsare   ...    under)  ^  Oatperfoot 

Do.      da       do.       from  2    0  to  2    6  add  2d.  \    Abo?e  ttie 


Do.       do.       do.         do  2    6  to  3    0  add4rf.  V^'^f"!^^ 

coDtentfi  an 

iiDd«r2  fiMb 


T\  T  1  1      ^  ^^^-L^.l  contents  are 

Do.      do.      do.        do  3   0  to  3   6  add  %d.} 


A  OBATB  OF  GBOVN  OLASS 

Contains  12  tables  of  the  best,  at  per  crate 
>,      15    „       seconds  „ 
18  thirds  „ 

„      18  fourths  „ 

Each  table  is  from  4  ft.  to  4  ft.  6  in.  diameter:  some  tables 
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may  be  cat  to  withm  2  in.  of  the  centre,  othera  not  nearer  thsD 
4  inches. 

fib.  in. 

Suppodng  8  crate  to  be  4  ft.  6  in.  diameter,  and  that  it 
may  be  eat  to  2  in.  from  the  centre,  the  qnantitj  of 
glass  that  may  be  cut  from  it>  indading  the  tiiangaUr 


pieces,  will  be  14  2 

If  only  4  ft,  diameter,  and  cannot  be  cat  nearer  that  4 

in.  of  the  centre  10  10 

26  U 

And  deducting  the  tiiangular  pieces,  which  are  of  very 

little  value  2  6 


We  have  as  the  arailable  contents  of  the  two  tables      .   22  6 

The  average  ccmtentB  per  table  113 

Taking  the  sizes  of  squares  that  will  cut  to  the  most  adyantage: 
but  as  squares  of  all  ozes  must  be  cot  from  the  tables  as  they  are 
wanted,  the  average  produce  per  table  is  not  more  than  10  ft. 
superficml. 

Labour  and  putty  per  foot  may  be  found  by  multipLying  the 
rate  of  wages  for  a  glazier  per  day  by  the  drrimal  .110. 

— To  fiod  the  value  per  foot  of  glazing,  with  best  Newcastle 
crown  glagsj  or  any  other  kind  of  glass: — 

Primecoet  of  crate  (12  tables)  .000 


Carriage,  &c.  0  0  0 

0    0  0 

20  per  cent,  profit  0   0  0 


Divide  by  Ko.  of  feet  the  crate  will  pro- 
duce, for  best  gkss        ,      .      120)  0  0  0 

0   0   0  per  foot: 
Labour  and  putty      .       .       .      .       0  0  0 

Total  per  foot     £0  0  0 

Seot.  X. — Paper^Htmger, 

A  piece  of  paper  is  12  yards  long,  and  when  hung,  20  inches 
wide.  Twelve  yards  running  measure  is  equal  to  6|  square 
yards,  or  60  feet  superficial ;  therefore  divide  the  superficial  feet 
by  .5,  which  will  give  the  number  of  yards,  and  these  divided  by 
12  will  ijive  the  number  of  pieces  of  paper. 

It  is  usual  to  allow  one  piece  in  seven  for  waste* 
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Constants  of  Labour. 

These  eonstants  represent  the  time  requisite  to  perform  a  given 
quantity  of  work,  of  the  kind  specified,  in  days  and  decimal  parts 
of  a  day;  the  factor  to  "be  apjlictii,  being  tlu^  rate  of  wages  per 
diem  for  one  or  more  men,  according  to  the  nature  of  the  work. 

These  decimals  arc  calculated,  in  all  the  trailes,  for  the  price 
per  day  alluweu  the  master  in  his  day  bills,  conse(iuently,  with  his 
profit  thereon,  being  the  only  rate  that  can  be  ascertained,  the 
maBter,  of  course,  paying  each  man  per  week,  according  to  his 
abilities  and  industry;  therefore  the  full  value  of  the  kbonr, 
including  the  master's  profit,  will  be  fonnd  by  multiplying  the 
decimal  by  the  rate  of  wages,  as  shown  in  their  respectiye  tables. 
Likewise,  in  all  oases  it  must  be  understood  that  the  prices  stated 
in  the  tables  for  labour  and  nails  include  fixing ;  and  when  added 
to  the  price  of  deals,  will  give  the  yalne  of  the  work  fixed 
complete,  including  labour,  nails,  and  materials,  according  to  the 
prime  cost  of  materials  and  rate  <^  wages  allowed. 


CHAPTER  XVII. 
THE  VALUATION  OF  ESTATES. 

Unlike  all  the  other  aubjects  that  have  been  treated  of  in  this  book, 
this  one  cannot  be  demonstrated.  The  theory  may  indeed  be  enun- 
ciated, but  in  the  event  of  a  difference  of  opinion  arising,  therr-  is  no 
mode  of  reconciling  the  variance  in  a  manner  that  shall  place  it  be- 
yond doubt.  The  proiet  i  ii  of  aland  valuer  is  very  often  confounded 
with,  and  designated  by,  the  title  of  that  of  the  land  surveyor.  I  do 
not  mean  to  say  a  land  valuer  cannot  by  possibility  be  also  a  land  sur- 
veyor ;  on  the  contrary,  I  am  personally  acquainted  with  se  v  ei  al  bril- 
liant examples  of  the  practice — the  successful  practice — of  both  pro- 
fessions ;  but,  as  a  general  rule,  the  land  yaluer,  most  effident  in 
his  callixig,  is  a  man  who  has  spent  the  greater  portion  of  his  early 
life  upon  land,  in  the  study  and  practice  of  agriculture;  who  has  by 
experience  gained  such  a  knowledge  of  the  several  treatments 
which  may  be  most  successfuUy  applied  to  those  particular  aoSla 
that  chiefly  abound  in  the  yidnity  of  his  agricultural  operations, 
or  in  the  acyoining  counties ;  who  is  thoroughly  acquainted  with 
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the  cost  of  labour  and  tillages  upon  theee  lands,  and  of  the  seasons 
and  periods  of  which  advantage  must  be  taken  in  due  ooarse.  No 
one  can  doubt  for  a  moment  that  such  a  man,  particularlj  if  he  he 
more  intelligent  than  the  generality  of  his  oider,  is  the  most  fitting 
person  to  exercise  a  profession  requiring  a  practical  knowledge  of 
all  these  things  as  its  chief  ground  work.  But  then  to  call  such  a 
man  a  land  surveyor  is  a  libel  upon  a  Tory  different  profession — a 
profession  moreover  which  requires  quite  as  long  practice  as  the 
other  to  make  its  possessor  thoroughly  ^<nent;  and,  therefore,  the 
two  are  not  likely  to  be  perfectly  acquired  by  the  same  person  in 
yery  early  life.  I  said  I  knew  cxf  one  or  two  brillmnt  examples  of 
the  exercise  successfully  of  the  two  professions  by  the  same  persons. 
These  gentlemen,  whom  I  have  in  my  mind,  are  men  of  excellent 
abilities ;  were  originally  educated  as  land  snrveyors,  at  which,  as 
it  is  tlteir  great  pride  to  boast,  they  for  several  years  earned  a 
maiul t  ii;in<  p.  During  that  time  each  kept  his  attention  steadily 
riveted  on  tlie  different  kinds  of  ^riculture  practised  in  the  varied 
localities  and  counties  over  which  his  legitimate  profession  called 
him ;  observed  with  interest  every  variation  of  treatment  to  which 
land,  apparently  of  the  same  nature,  but  in  different  counties,  was 
treated  by  different  farmers ;  investigated  the  reasons  of  such  ap- 
parent anomalies  by  all  possible  references  to  climate,  soil,  and 
pecuniary  consideration,  until,  I  have  no  hesitation  in  saying,  he 
gradually  and  contemporaneously  with  the  exercise — ^the  profitable 
exercise-Hif  the  profession  of  land  surveying  for  a  sufficient  number 
of  years  to  be  thoroughly  experienced  and  grounded  ther^,  en- 
tirely qualified  himself  to  conduct  the  profession  of  land  valuing. 

Such  is  the  prospect  and  such  the  posnbility  of  a  land  surveyor 
acquiring  in  time  a  competent  knowledge  to  act  as  a  land  valuer. 
Another  way  of  effecting  tins  object  has  been  adopted,  though  not, 
as  I  bebeve,  successfully,  nor  witiumt  considerable  pecuniary  sacri- 
fice. The  land  surveyor  has  taken  a  &rm  whereon  he  of  course 
has  gained  knowledge  hy  experience,  but  then  the  knowledge  thus 
acquired  has  been  of  necessity  limited,  and  too  often  the  harass 
and  worry  of  the  fnrin  must  have  distracted  his  attention  from  the 
proper  exercise  of  laud  surveying,  or  the  duties  of  the  latter  call- 
ing mmt  have  been  located  in  a  quarter  many  miles  from  home,  at 
the  same  time  that  the  business  of  the  farm  required  the  presence 
of  the  master. 

Now  let  us  take  a  view  of  our  experience  among  the  several  in- 
stances of  persons  who  are  legitimately  land  valuers,  but  who  also 
practice  as  land  surveyoro.  T  do  not  hesitate  for  myself  to  state, 
that  I  ain  unacquainted  with  any  c'iDgle  iui^tauce  in  which  a  land 
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valuer^  qaalified  either  by  his  experience  as  a  fiaxmer,  or  by  early 
education  as  a  valuer,  luts  subsequently  adopted  land  surveying 
with  any  pretensions  to  the  title  of  a  land  surveyor,  or  with  the 
smallest  atom  of  success.  He  may,  as  I  am  aware  by  an  example  I 
have  in  my  mind,  acquire  arudimental  knowledge  that  may  enable 
him  to  map  a  field,  a  farm,  or  a  small  estate.  But  wliile  as  a  valuer 
he  would,  the  moment  lie  entered  a  field,  detect  a  gravelly  brow 
subject  to  burn,  or  slovenly  farming,  and  the  presence  of  conch,  a 
g;laniig  error  in  a  plan,  that  would  at  once  rivei  ilic  attention  of 
the  experienced  surveyor,  would  entirely  escape  his  notice.  Thus 
he  might  V)e  able  to  define  within  a  shilling  an  acre  the  value  of  the 
land,  biu  Ky  attempting  the  exercise  of  both  professions,  the  emi- 
nent knowledge  in  the  one  would  Vje  entirely  nuliilied  by  some 
error  of  two  or  three  acred  in  the  q^uantity^  which  an  acquaintance 
with  the  other  would  have  corrected. 

I  knew  an  instance  of  a  man  who  was  brought  up  as  a  tradesman 
in  London,  and  who,  much  to  his  credit,  so  industriously  pursued 
an  honest  calling,  that  at  the  age  of  40  he  had  saved  a  sufficient 
sum  of  money  to  retire  from  his  business  into  the  country,  where 
he  took  a  fiirm.  Being  somewhat  intelligent,  he  announced  him« 
self  as  a  land  valuer,  and  very  shortly  afterwards  a  land  surveyor. 
Some  ten  years  after,  a  gentleman,  who  knew  nothing  of  the  qua- 
lifications of  a  land  surveyor,  bad  occasion  to  employ  a  number  of 
surveyors  as  witnesses  in  a  law  suit;  among  them  came  this  one« 
Of  course  the  opposing  counsel  was  duly  instructed  as  to  the  qua- 
lifications of  the  witnesses,  and  in  cro^-examination  endeavoured 
to  furnish  the  jury  with  the  infonnation  he  himself  possessed.  In 
vain  our  witness  a|)pealed  to  his  age,  and  his  ten  years'  residence 
on  his  farm.  The  counsel  was  perfectly  willing  to  accord  to  him 
th*:  benctit  of  hi?  experience  in  his  London  calling,  and  on  his 
farm  j  but  unless  said  he,  he  were  a  heaven-born  surveyor,  or  could 
point  to  some  work  which  he  had  performed,  he  could  not  allow  a 
jury  to  utl:i(  li  importance  to  his  evidence  ao  a  curveyor.  The  very 
:^e  upuu  which  lie  relied  but  aggravated  his  insufficiency ;  since 
three  years  spent  in  the  acquirement  of  correct  first  principles  in 
any  science  are  better  than  ten  years  bunglmg  in  erroneous  ones* 
Notwithstanding  this  little  check  our  friend  continued  his  career, 
his  greatest  ignorance  being  apparent  in  his  want  of  infonnation 
tiiat  his  own  works  were  at  all  below  par. 

The  tendency  of  my  remarks  has  been  to  show  tbat  land  survey- 
ing can  only  be  learned  in  youth,  and  thorougly  acquired  by  con- 
siderable subsequent  experience.  That  a  land  valuer  cannot  take 
it  up  at  pleasure  and  exercise  it  any  more  than  a  lawyer  can  prao- 
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tise  medidne^  or  the  surgeon  our  j  on  the  lav.  Bat  that  a  dem 
land  surveyor  may  by  along  conne  of  indnBtry  beoome  a  qualified 
land  valuer.  And  the  object  I  bave  had  in  view  in  making  these 
ob  servaiions  has  been  to  promulgate  correct  ideas  upon  the  subject, 
aitbrding  employers  the  means  of  forming  an  opinion  of  the  quaU- 
fications  of  men  to  whom  they  entrust  their  interest,  and  furnishing 
a  hint  to  those  who  may  select  these  professiona  for  their  sons,  as 
to  the  proper  course  to  pursue  to  conduce  to  future  advantage. 

The  greatest  amount  of  succe  ^  is  attained  in  matters  of  valua- 
tion by  the  joint  co-operation  of  two  professional  men;  the  one 
being  a  competent  vahier,  the  other  a  qualified  surveyor  ;  the 
practical  knowledge  of  the  one  is  considerably  usbistcd  by  the 
science  of  the  other,  and  appreciable  advantages  ensue.  It  is  much 
to  be  pitied  that  so  much  jealousy  exists  between  the  two  profes- 
sionfi,  which  militates  to  the  injuiy  of  both. 

The  piactice  adopted  by  meet  Talners  is  to  assume  that  they  are 
aware  on  inspection,  without  any  enquiry,  of  the  worth  of  an  acre 
of  land  per  annum.  Now  this  is  in  many  instances  an  erroneous  and 
In  all  cases  a  vicious  theory.  I  will  endeavour  to  illustrate  my 
meaning  by  an  example:  Assome  a  valuer  to  have  a  farm 
for  which  he  pays,  he  belieyes,  from  experience,  of  its  pro- 
ductiveness, and  we  will  consider  equitably  20s.  an  acre  as 
rent;  therefore,  directly  he  comes  to  similar  land  in  making  a 
valuation,  he  says,  this  is  worth  20<.  an  acre.  But  now  just  as- 
sume his  own  land  to  he  situated  in  a  parish  where  the  local  bur- 
dens amount,  on  an  average,  to  in  die  poond,  while  the  land  he 
is  valuing  is  situated  in  a  parish  where  those  burdens  are  6*.  in  the 
pound.  The  calculation  then  stands  thus,  his  own  Innd  which  he 
has  taken  as  his  standard  of  value  is  worth  in  the  aggregate  of  rent 
and  rates  23a'.  per  acre,  which,  when  reduced  by  the  amount  of 
rates,  exhibits  20.9.  as  its  net  value.  Now  reduce  the  aggregate 
value  of  the  land  he  is  valuing  by  the  amount  of  the  rates,  and  we 
shall  get  but  17*.  as  the  net  value.  Thetwolamls  beins-  similar  in 
every  respect  as  to  quality,  Leaacitj,  and  ehcibility  of  siluation, 
but  the  one  being  subject  to  Zs,  excess  of  LajLuiloii  over  the  other, 
is  to  that  extent  depreciated  in  value  for  rental.  The  dif^renceis 
doubly  apparent  if  we  assnme  the  standard  to  be  worth  4^.  per 
acre,  rent  and  rates,  or  reduced  by  the  amount  of  the  latter  at  Zs*. 
in  the  pound  to  40s,  Our  compared  acre  of  equal  fertility  upon 
which  the  rates  are  6s,  in  the  pound,  would  be  reduced  in  value  to 
349.,  so  that  land  otherwise  equal  in  value,  but  affected  by  a  cause 
which  the  generalilj  of  valuers  entirely  disregard,  is,  when  properiy 
adjusted,  equitably  worth  in  one  parish  40«.,  in  the  other  only  34^. 
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This  oompaiison  is  sufiSciently  accurate  for  practice,  but  in  reality 
it  is  not  the  actual  equity  of  tlic  case.  For  the  rates  of  3*.  and  6». 
in  the  pound  are  levied  on  the  rental,  and  therefore  the  calculation 
stands  as  under : — -  £,  $,  d, 

lieat  at  40s-.  per  acre  .  .  .  2  0  0 
Bates  at  3^.  in  the  pound    .      .      0   r>  O 

2   6  0 

Bent  at  34«.  per  acre  .  .      1  14  0 

Bates  at  6«.  in  the  pound    •  0  10  4^ 

2   4  4i 

The  conect  adjustment  of  the  latter  example  would  be— 

£f  s.  d. 

Bent  at  35$,  4d.  per  acre  .  .  1  15  4 
Bate  at  6«.  in  the  pound     .      .      0  10  8 

2    6  0 

In  some  counties  {Surrey  to  wit,)  the  acts  of  husbandry  per- 
formed  on  the  fallows  of  the  last  year  are  paid  for  at  valuation  by 
the  incoming  tenant.  This  is  a  matter  which  again  affects  the 
rental  of  land.  These  valuations  of  tillages,  and  what  is  called 
tenant  right,  will  be  treated  of  bye  and  bye ;  my  present  purpose  is 
to  show  how  they  influence  the  rent. 

I  have  mentioned  Surrey — in  that  county  the  valuation  of  fallows 
frequently  amounts  to  four  pounds  per  acre,  and  the  dressings  to 
other  four  pounds.  Now,  if  we  take  the  fallow  landa  to  be  one- 
fourth  of  the  whole  farm,  we  have  a  sum  amounting  to  21.  per  acre 
all  round,  to  be  paid  down  by  the  tenant  on  entering,  and  there 
looked  up  for  the  whole  term,  without  any  advantage  or  benefit  to 
him,  except  indeed  it  is  taken  into  consideration  in  fixing  the  rent* 
Even  if  it  is  so,  the  capital  thus  expended  would  be  &r  more  useful 
and  remuneratiTe  to  the  tenant  than  such  a  reduction  of  rent 

Therefore  we  must  once  more  suppose  that  the  land  which  we 
assumed  to  be  worth  40».  an  acre  in  one  parish  is  not  subject  to  this 
Talualaon,  but  that  of  equal  quality  which  the  excess  of  local  bur^ 
dens  reduced  to  35«.  in  the  other  parish  is.  And  we  shall  again 
see  how  this  diarge  tends  to  a  still  farther  reduction. 

I  think  no  man  would  take  a  fiirm  and  risk  capital  in  itif  he  did 
not  expect  to  get  10  per  cent,  for  the  use  of  his  money,  so  ihat  we 
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have  4f .  to  deduct  from  the  already  reduced  estimate  of  Z5s,  4J. 
per  acre  to  arrive  at  the  £ur  rental.  Thus—    £  s,  d. 
Original  value    .      .      .  .200 

deduced  by  excess  of  local  burdens  to  1  15  4 

Further  reduced  by  interest  on  money 
paid  for  valuation  to      .      .      1  11  4 

The  cx)st  of  production  materially  influences  the  value  of  land. 
Luiidb  of  equal  fertility  but  of  different  tenacity  are  of  very  dif- 
ferent values.  Indeed  if  we  seek  an  example  among  the  poorer 
soils,  we  shall  find  that  in  some  cases  the  cost  of  labour  entirely 
consumes  the  value  of  the  produce,  leaving  nothing  ibr  rent,  while 
on  a  lighter  soil,  less  expensive  to  cultivate,  but  of  the  same  fer- 
tility, a  small  rent  is  dedudble. 

I  think  I  have  said  enough  to  show  that  the  system  of  valuing 
lands  by  experience  only/'  as  it  is  called,  is  erroneous ;  it  is  indeed 
comparing  the  net  rent  of  land  and  not  the  ffrm,  for  aflter  all,  taxes 
and  ontg(mig8  of  a  similar  nature  are  but  rent,  expressed  by  ano- 
ther word. 

And  this  leads  me  to  the  oonsideiation  of  what  is  rent  ?  It  is 
undoubtedly  the  surplus  that  renuuns  for  the  landlord  after  all  the 
expenses  of  eultivalion,  tithe,  taxes,  outgoings  of  every  description, 

tenant's  profit,  interest  for  his  capital,  and  provision  for  wear  and 
tear,  and  for  renewal?,  have  been  satisfied  out  of  the  value  of  the 
produce ;  and  land  wKdi  leaves  no  such  surplus,  is  worth  no  rent 
for  the  purposes  of  agriculture. 

The  first  thing,  therefore,  which  has  to  he  done  in  entering 
fairly  on  the  valuation  of  an  estate  is  to  estimate  the  yearly  value 
of  the  produce  it  is  capable  of  yielding  under  skilful  management, 
and  with  a  liberal  but  judicious  expenditnre  of  capital. 

Next  to  appraise  the  cost  of  the  labour  and  other  outlays  neces- 
sary to  ensure  in  the  ordinary  chances  of  the  seasons  the  estimated 
amount  of  produce.  Then  the  amount  of  tithe  rent  charge,  and 
tenant's  rates  and  taxes  are  matters  to  be  ascertained  by  enquiry. 
The  tenant's  profit  should  be  such  an  amount  of  remuneration  as  a 
person  shotdd  receive  at  the  current  rate  of  skilled  labour  for  such 
an  amount  of  supervision  and  attention  as  the  fiurm  may  require, 
without  any  reference  to  the  style  in  which  he  lives,  whether  he 
dines  at  one  o'clock  or  five,  keeps  hunters,  or  walks  to  market 
The  tastes  and  habits  of  a  tenantry  on  a  large  estate  may  vary  im- 
mensely, but  their  rights  are  identical  and  equal. 
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the  cost  of  ouitivatioa 

Titlie      .      .       .      .  "I 

Tciiiint's  rates  and  taxes  j 

„       Tenant's  profit 

„      Interest  on  capital 

M      Wear  and  tear 

„      Besidue  rent 


Allowance  for  vear  and  tear  of  live  and  dead  fanning  stock 
must  also  be  made.  This  involves  an  estimate  of  the  value  of  the 
whole  stocky  and  when  this  is  arrived  at,  a  calculation  must  be  made 
of  the  probable  average  length  of  time  within  which  the  whole  will 
be  required  to  be  renewed,  and  the  proper  proportion  thereof  for 
tiie  one  year  must  be  placed  among  the  deductions  from  ihe  value 
of  the  produce.  The  interest  on  capital  must  be  a  fair  liberal  al- 
lowance,  according  to  the  current  rate  of  money,  subject  to  risks 
and  casualties ;  and  when  all  these  deductions  have  been  made,  the 
landlord  has  for  the  first  time  an  interest  in  the  residue  (if  any,) 
as  rent. 

Our  theory,  when  illustrated,  stands  thu^— 

Assume  the  value  of  produce    .       .       .  100 

10 

7 
5 
5 

20 

100 

It  was  formerly  the  custom  to  say  that  the  produce  of  a  fitnn 
should  cany  three  rents — one  of  which  was  to  be  apportioned  to 
the  landlord,  a  second  to  the  tenant,  and  the  third  to  pay  expenses. 
It  is  hardly  necessary  to  observe  that  sudi  an  apportionment  must 
be  very  in^raeticaUe  and  ridiculous.  Take  for  exam]^le  the  case  of 
our  illustration,  where  the  landlord  gets  one-fifth  only ;  the  tenant 
rather  less  than  that ;  and  more  than  three-fifths  are  absorbed  for 
expenses.  I  may  also  observe,  that  in  franning  that  illustration, 
the  farm  I  had  in  my  mind  was  a  light  land  farm  ;  had  it  been  a 
tena^jions  clay,  the  expenses  might  have  been  so  swollen  as  to  in- 
trench considerably  on  the  surplus  rent. 

The  method  of  including  j'am  homesteads  (by  wbich  I  mean  both 
fium  houses  and  buildings,)  in  the  viiluation,  has  been  a  much 
vexed  question  among  valuators.  Some  omit  to  consider  the 
homestead  at  all,  dlegixig  that  a  discretion  is  exercised  in 
fixing  the  value  of  the  land:  others  add  so  much  to  thdir  valua- 
tion for  every  50  acres  of  land  poeseesmg  a  homestead^  omittbg  to 
make  the  addition  where  no  buildings  exist.  Otiiers,  and  this  is  I 
believe  the  more  common  way,  profess  to  value  the  house  and  each 
separate  building  at  its  intrinsic  value,  and  add  the  ^mmmt.  to  their 
valuation  of  the  land* 
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In  my  opinion  none  of  these  are  worthy  of  imitation.  To  con- 
vert the  produce  of  land  u  certain  numher  of  buildings  are  requi- 
site, as  well  as  a  house  for  the  farmer,  and  lodging  for  his  cattle. 
Without  these  accommodaLious  the  farm  would  not  be  tenantable, 
and  the  value  of  it  would  be  entirely  problematical,  as  it  might  be 
difficult  to  hire  suitable  buildings  elsewhere ;  or  if  they  were  to  be 
had,  the  rent  might  be  so  exoeesiye  as  to  ooneume  a  large  portion 
of  the  Ysdue  of  the  produce.  Therefore  it  appears  to  me  that  the 
only  correet  way  to  adopt  in  practice,  is  to  assume  when  valuing 
land,  that  all  requisite  building  accommodation  exists  in  a  conve- 
nient  position  upon  the  £Eurm,  the  value  of  which  is  included  in  the 
estimate  of  the  land.  If  upon  examination  the  buildings  are  too 
small  or  are  inconyenient,  a  pn^ortionate  reduction  must  be  made 
from  the  valuation :  but  if,  on  the  other  hand,  a  surplus  number  of 
buildings  are  situate  on  the  estate,  no  addition  should  be  made,  as 
ihe  &rmer  is  not  benefited  thereby  ;  on  the  contrary,  all  beyond  his 
actual  requirements  are  so  many  additional  expenses  to  him  in 
keeping  them  in  repair;  unless  indeed  he  can  rent  some  land  ad- 
joining tiie  farm  that  is  without  a  homestead,  in  %vhich  case  it 
would  be  only  fair  to  charge  him  with  the  excess.  If  lauds  that  have 
been  so  valued  are  found  to  be  without  a  homestead,  then  the 
dama<zc  occasioned  thcrobv  must  be  deducted. 

When  X  first  promulgated  this  system  of  valuing  farm  buildings 
among  my  profes5?ional  friends,  I  recommended  that  the  farm 
houses  should  be  subject  to  the  same  arrangement,  but  a  practical 
difficulty  arose  with  respect  to  them.  The  requirements  of  a  farm- 
stead with  reference  to  farm  building.s  may  be  defined,  and  aa  I 
have  shown,  any  excess  is  valueless  to  the  tenant,  except  undoran 
unlikely  or  a  rare  contingency.  But  it  is  not  so  with  Ihe  house. 
If  a  fimn  has  a  good  house  upon  it,  pleasantly  situated,  that  &rm 
will  more  readily  let  than  one  affording  merely  accommodation  to 
the  fanner;  and  excess  of  room  in  a  6nn  house  may  be  very  fre- 
quently profitably  let.  Moreover,  a  farmer  has  no  right  to  expect 
that  the  profits  of  his  business  are  to  be  estimated  differently  to 
those  of  other  people,  who  pay  the  rent  of  their  houses  out  of  their 
profits :  so  that  it  appears  reasonable  that  while  all  other  build- 
ings are  included  in  the  arrangement,  and  treated  as  I  have  sug- 
gested, the  house  should  be  made  the  subject  of  separate  and 
additional  valuation. 

I  have  described  the  mode  of  valuing  adopted  in  general 
practice,  which  assumes  the  valuator  to  be  possessed  of  the 
capability  of  at  once  determining  the  value  of  a  piece  of  land  while 
he  is  upon  the  field  without  reference  to  particular  circumstances 


VALUATION  OF  E8TATBS. 


585 


that  may  B|)eciall7  affect  it.  To  that  practice  I  take  an  ezcepticHi^ 
and  say  that  it  is  not  a  correct  one.  I  am  fully  aware  of  all  the 
imputations  to  which  I  shall  be  subjected  for  promulgating  ideas 
contrary  to  generally  accepted  customs.  1  shall  be  dignified  with 
the  title  of  "  Theorist,"  and  many  similar  n  j]*  11  tlons.  But 
"  theory  with  practice  "  has  ever  been  a  favorite  motto  with  me, 
and  I  have  sufficiently  considered  the  matter  to  know  that  a  sound 
theory  is  as  req^uisite  in  laud  valuing  as  in  any  other  art  or  science. 

The  only  thing  that  requires  to  be  estimated  on  the  ground  is 
the  produce  the  land  is  capable  of  yielding^  which  may  be  expressed 
in  bushels  of  wheat  or  barley^  according  to  the  nature  of  the  soil, 
which  should  be  noted. 

I  would  then  advise  eyery  valuer  to  reduce  to  the  same  mea- 
sure (bushels  of  wheat  or  barley,)  all  other  items  that  eater  into  the 
computation  of  the  cost  of  production,  out-goings,  &c.,and  to  tabu- 
late the  results  according  to  his  notions  of  expense  and  profit,  and 
he  will  find  the  arrangement  conducing  to  convenience  and 
advantage. 

To  illustrate  what  I  mean  and  what  the  Tables  should  be,  take 
the  figures  in  my  previous  example  to  represent  the  produce  in 
bushels  of  wheat  on  three  acres  of  land. 

We  will  discuss  four  cases  and  tabulate  the  results.    The  first 

shall  be  in  every  respect  as  it  stands  originally,  and  shall  be  sup- 
posed to  be  on  lin^ht  land :  the  second  is  9upj)osed  to  be  land  of 
the  same  density  and  fertility,  but  subject  to  5  bushels  of  taxation 
instead  of  10.  The  third  case  is  heavy  land,  and  the  cost  of  culti- 
vation becomes  70  instead  of  53 ;  other  charges  remaining  the  same. 
The  fourth  and  last  case  is  on  heavy  land,  with  the  same  charge  of 
70  bushels  for  cofit  of  cultivation,  but  taxes  reduced  to  5, 
The  Table  would  be  thus — 


FBODUCE  100  BUSHELS. 

LiOHT  Akablb  Lahd. 

HSATT  AfUBLB  LaMD* 

Local  Bnrfhf^DH,  in- 
cluding Tithe  Rent 
Charge,  Bates,  and 
Tenant's  Taxes. 

Rent  in 
Bushels  of 
Wheat. 

Local  Burthens,  in- 
cluding Tithe  Bent 
Charge,  Bates,  wtd 
Tenant's  Taxes. 

Bent  in 
Bushels 
of  Wheat 

When  amounting 
to  10  BushftU  |K  acre 
»»  ^  tt 

20 
26 

When  amounting 
to  10  Baahels  p.  acre 
It  ^      »i  »i 

8 
8 

20 
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It  will  be  obvious  that  a  f^y^^tcni  of  Tables  of  this  nature  ex- 
tended to  every  variety  of  soil  tliat  diiiei^i  in  ita  cost  of  cultiva- 
tion and  in  fertility,  and  to  ail  the  variations  of  taxation,  would  be 
the  inpet  equitable  mode  of  valuing  knd  that  could  be  well  devised. 
The  Tables  once  Biade  would  be  pennanent,  as  the  lesulta 
show  ibe  rent  in  bnafaels  of  wheat,  and  whether  that  grain  were 
worth  in  the  market  5^  6,  or  7&  per  bushel,  would  be  equally 
appEoaUe. 

When  time  penmts»  it  is  my  intention  to  calculate^  for  publication, 
a  series  of  tables  of  this  nature. 

Cottoffet  on  a  fann  should  form  the  subject  of  an  additional 
item  in  the  valuation,  afifording  as  they  do  the  oonvezdenoe  of 
locating  the  permanent  labourers  in  desirable  proxhnity  to  their 
several  occupationB.  Cottages,  therefore,  if  judiciously  situated 
quite  enhance  the  value  of  a  &nn,  to  the  extent  of  tiior  £Eur  annual 
value. 

It  is  not  intended  in  this  p^>er  to  treat  of  tiie  geob^cal 

knowledge  necessary  to  the  proper  practice  of  land  valuing,  but 
simply  to  elucidate  correct  principles  therein.  Consequently  we 
now  approach  the  consideration  of  those  special  circumstances 
which  affect  the  value  of  land  in  particiil;tr  localities,  and  rai?o  it 
above  it«i  ordinary  value  to  an  extent  only  limited  by  the  nature 
of  the  particular  causes  which  operate  upon  it.  This  is  what  is 
properly  called  accommodation  land.  Land  in  the  neighbourhood 
of  a  large  town,  desirable  in  SDiali  quantities  to  the  inhabitants, 
for  tiie  acquirement  of  which  great  competition  usually  exists, 
partakes  of  this  character;  as  does  also  knd  adjoining,  but  not 
belonging  to  a  geutieman's  residence,  the  renting  of  which  will 
afferd  bim  pleasureable  amusement,  or  the  means  of  removing  or 
preventing  a  nuisance ;  and  many  other  cases,  too  numerous  to 
mention,  but  which  will  at  once  suggest  themselves  to  every  man 
of  buNness. 

It  will  be  obvious  that  the  value  of  this  description  of  land, 
depends  upon  circumstances  whidly  bey<md  the  rules  which 
regulate  the  worth  of  ordinary  estates.  And  it  will  be  equally 
manifest  that  no  defined  directions  can  be  given  for  estimating  thk 
extra  value,  which  can  be  alone  arrived  at  by  a  full  consideration 
of  all  the  attendant  circumstances. 

fVood  Lands  occasionally  perplex  the  valuation  of  an  estate.  If 
the  tenant  has  the  liberty  of  using  the  lands  in  bis  occupation  as 
may  be  most  conducive  to  his  own  intereat,  the  value  of  mere 
coppice  lands,  by  which  I  mean  lond^  trrowing  underwood,  is 
manifestly  in  accordance  with  the  agriciiitural  character  of  the  soil 
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and  subsoil ;  and  for  this  reason — a  valnation  should  always  re- 
present the  worth  of  an  estate  at  the  time  it  is  made  acoor^g  to 
its  natural  oapabiUlieB  under  Hberal  and  judicious  treatment;  there- 
fore, it  should  be  assumed^  that  whate  ver  the  mode  of  ctdtivation 
might  be,  it  is  such  as  has  been  found  hj  experienoe  to  conduce 
most  largely  in  oonjunction  with  local  cireumstances  to  the 
advantage  of  tiie  oooupier. 

On  the  other  hand,  if  a  valuer  is  exercising  his  profession  for  the 
purpose  of  estimating  the  rent  of  a  farm  upon  which  the  tenant  is 
hound  to  maintain  all  existing  coppices  and  underwoods,  either  as 
preserves  for  game,  or  for  other  pur])Oses  over  wliicli  he  has  no 
control,  then,  although  the  intrinsic  value  of  the  land  remains  the 
same>  and  should  he  so  reported,  still  a  greater  rent  cannot  be 
eh^ged  the  tenant  than  he  can  be  enabled  to  pay  out  of  the  pro- 
ceeds of  the  sale  of  the  underwood,  after  defraying  the  whole  of  the 
expenses  attending  its  cultlTation  and  conYersion,  a  proper  interest 
for  the  use  of  his  oapital>  and  a  fair  remuneration  to  himself  for  his 
superintendenoe ;  and  if  the  worth  of  the  tmderwood  when  oon- 
vorted  is  not  sufficient  to  meet  these  demands^  then  a  suffident  sum 
must  be  deducted  from  the  rent  of  the  remaining  lands  to  make  up 
the  deifi<nen<^,  as  it  is  manifestly  in  strict  accordance  with  justice 
and  equity  that  the  landlord  should  alone  suffer  from  a  cause  which 
he  only  is  instrumental  in  perpetuating. 

Wood  lands,  properly  speaking,  that  is  to  say,  lands  growing 
timber  trees,  can  only  be  estimated  by  the  value  of  the  timber 
they  are  capable  of  producing  after  a  certain  number  of  years* 
growth.  A  very  small  annual  value  sometimes  attaches  to  wood 
lands  offering  pasture  to  cattle,  but  no  general  rule  can  be  laid 
down  for  its  computation. 

Before  I  conclude  this  portion  of  my  subject,  it  will  be  proper  to 
observe,  with  reference  to  the  cost  of  labour  upon  a  farm,  that  the 
interest  of  an  agricultural  peasant  in  the  land  he  cultivates  mnst  al- 
ways be  suck  as  will  afford  liim  a  uiaintcnance,  to  whaiever  iluctua- 
tions  the  landlord's  and  tenant's  interests  therein  may  be  nevertheless 
subjected.  Both  the  proprietor  and  the  occupier  may  be  possessed 
of  means  that  will  enable  them  to  speculate  upon  the  future  pros- 
pects of  their  respective  positions,  and  to  agree  upon  some  arrange- 
ment tiiat  may  exist  between  them  throtighout  the  c(mtinuance  of 
a  long  lease ;  but  the  labourer  of  necessity  can  become  no  party  to 
such  a  contract  The  daily  wants  of  himself  and  family  are  the 
same  continually,  partaking  only  of  a  pecnniary  character,  inas* 
much  as  his  requirements  consist  of  a  sufficiency  of  the  necessities 
of  life  to  enable  him  to  conduct  and  carry  on  his  humble  avoca- 
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tioDB  with  comfort  to  himself  and  saMsfaetion  to  tiioee  f<»*  ^dioae 
advantage  he  is  toiling,  and  who  are  in  ooosequenee  eqnallj  in- 
terested in  his  proaperity. 

Therefore,  in  considering  the  cost  of  labour,  the  rate  of  wages  is 
m.  primary  conBideration,  and  no  method  seems  better  calculated  to 
ensure  the  f)roper  fulfilment  of  this  desideratum,  than  the  method 
of  valuing  I  have  endeavoured  to  explain,  that  takes?  for  its  basis 
an  e,sriiaate  of  all  the  items  in  bushels  of  wheat,  inasmuch  as  it 
aftunis  to  the  labourer  a  uniform  amount  of  bread-stnflp  for  the  sus- 
tenance of  his  famUj  irr^pective  of  fluctuations  in  price. 

Having  arrived  at  the  annual  rent  which  land  is  fairly  worth  to 
a  tenant,  if  we  deduct  the  aruuuut  of  landlord's  out-goings  and  bur- 
thens to  which  it  is  subject,  we  obtain  a  clear  income  or  net  an- 
nuity in  perpetuity  to  the  possessor,  the  value  of  which  in  fee 
simple  it  is  very  easy  to  determine*  It  is  customary  to  a^ume 
that  freehold  land  is  worth  30  years'  purchase,  but  its  exact  value 
must  of  course  depend  upon  the  wor^  of  other  good  securities  at 
the  same  thne^  The  following  TaUea  will  be  found  to  contain  all 
the  information  and  assistance  that  can  be  required  in  redndng 
the  net  annual  rental  of  an  estate  to  its  purchase  value,  whether  it 
be  freehold  (equal  to  an  annuity  in  perpetuity,)  or  leasehold  of 
any  denominalion.  * 
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Table  1.    Showing  the  NUMBER  OF  YEARS'  PUKCHASJB  upon 
the  Net  Bental  reqmied  to  retcum  a  given  Rate  of  Interest 


BaSeof  IntearsBt 

per  Contum  per 

Nwaber  of  Years' 

Purchase  on  tne  net 

a 

« 

ftn 

lAJ 

Ol. 

AA.  A. 

T 

91 

oo*o 

<l 
a 

4u«w 

<ii 
'^t 

Ov/.  1 

'11. 

9ft  ^ 

85 

2d.25 

22.2 

21 

20 

19 

18.1 

17.4 

6 

16.6 

16 

•'^ 

ld.4 

c| 

148 

7 

14J 

13.7 

18.3 

12.9 

J* 

12.5 

Ex  AM PLB.  1 .  An  Ettate  lequired  to  pay  H  per  cent,  inter^t  must  be  purchaaid 
at  22.2  years. 

ExAuri.B  a.  Aa  listate  purchased  at  3U.7  years'  purchase  pays  8|  per  cent 
intereet. 
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Table  2.  Showing  the  PRESENT  WOBTfl  of  an  JiiSTATE,  LEASE, 
01  ANNUITY, for  any  nmnber  of  yean  certain  and  in  perpetaiw,  at 
the  several  latea  of  Interest  which  a  purefaaaer  may  th^by  make  o  f 
lus  numey* 

Note. — The  rate  of  Interest  shown  in  this  Table  is  tliat  whidi  a  purchaser  may 
niftkft  of  lus  money'*  and  get  back,  his  Capital ,  provided  h&  cau  r^-invost  liis  xuouey  at 
the  same  rate  of  uteirest 


Years  Pu 

n;hiise  at 

Term  of 

Years  Purchaf?c  at 

o 
o 

t 

K 

O 

a 

u 

Tean. 

7 

o 

Q 

9 

.  10 

Lie  J  WPUM 

nnrcsnt. 

.5 

.5 

M 

.5 

.5 

.5 

.5 

1. 

1. 

1. 

.9 

1 

.9 

.9 

.9 

.9 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.3 

1.8 

1.9 

1.9 

1.9 

1.8 

2 

1.8 

IM 

1.8 

1.7 

2.4 

2.3 

2.3 

2.3 

2^ 

2.2 

2.2 

2  2 

2.1 

2.8 

2.8 

2.7 

2.7 

3 

2.6 

2.6 

2.5 

2.5 

S.2 

3.1 

3.1 

3. 

3- 

2.9 

2.8 

3.7 

3.6 

3.5 

3.5 

4 

8.4 

3^ 

3.2 

3J{ 

"4.2 

4. 

8.9 

3.8 

3.7 

3.7 

3.6 

8.5 

4.6 

4.6 

4.8 

4.2 

5 

4,1 

4. 

3.9 

3.8 

5 

4.9 

4.7 

4.6 

44 

4  3 

4.2 

4.1 

5.4 

5.2 

5.1 

5. 

6 

18 

4.6 

4.5 

4.4 

5.8 

5.C 

5.4 

5.3 

<^ 

5.1 

4.9 

4.8 

4-6 

6. 

5.6 

7 

54 

5.2 

5. 

4.9 

6.6 

6.4 

6.1 

5.9 

5-7 

5.5 

5.3 

5,1 

7. 

6.7 

65 

6.2 

8 

6 

5.7 

5.5 

5.3 

7.4 

7.1 

6.8 

6.5 

8i 

6  2 

6. 

5.8 

5.6 

7.8 

7.4 

7.1 

6.8 

9 

6  5 

6.2 

6. 

5.8 

8.2 

7.8 

7.4 

7.1 

3 

6.8 

6.5 

6.2 

6. 

ai 

7,7 

7.4 

10 

7. 

6.7 

6.4 

61 

8.9 

8.4 

8. 

7.6 

10| 

7.3 

6.9 

6.6 

6.3 

9.2 

8.8 

8,3 

7.9 

ir 

7.5 

7.1 

6.8 

6.5 

0.6 

9.1 

ae 

8.1 

111 

7.7 

7.8 

7. 

6.7 

9.9 

9.4 

69 

M 

12 

74> 

7.5 

7.2 

as 

10.3 

9.7 

9.1 

8.6 

8.2 

i  .  i 

7.3 

7. 

lO.G 

10. 

9.4 

8.9 

13 

8.4 

7.9 

7.5 

7.1 

11. 

10.3 

9.fi 

9.1 

R.n 

8.1 

7.6 

7.2 

11.3 

10.6 

9.9 

9.3 

14"^ 

i  8.7 

8JS 

7.8 

7.4 

11.6 

103 

10.1 

9.5 

1^ 

8.9 

a4 

7.9 

7.5 

11.9 

11.1 

10.4 

9.7 

15 

'  9.1 

8.1 

7.6 

12.2 

n.} 

lo.r, 

15^ 

9.3 

ft.7 

8.2 

7.7 

12.6 

11.7 

10.8 

10.1 

16" 

9.4 

8.9 

as 

7.8 

12.9 

11.9 

11.1 

10.3 

IGi 

9.6 

9. 

a4 

7.9 

13.2 

12.2 

11.3 

10.5 

17' 

9.8 

9.1 

8.5 

a 

1  ."..5 

12.4 

11.5 

10.7 

9.9 

9.2 

8.7 

8.1 

13.7 

1  12.7 

11.7 

10.8 

18 

10.1 

9.4 

8.8 

a2 

Example.  A  Lease  for  seven  years  to  laako  5  per  ccut,  is  worUi  in  present  money 
5.8  years'  purehiuse. 

if  it  is  required  to  make  6  per  cent,  it  wiU  onljr  be  wovth  5.6  years'  purchase. 

Agun.  a  Leaae  for  fourteen  yeara  that  can  be  purchased  for  8l2  years'  purchaae 
▼ill  pay  8  {>er  cent,  and  get  back  the  piinc^. 
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Table  2.  Sho^s-ing  the  PRESENT  WORTH  of  an  ESTATE,  LEASE, 
or  ANNUITY,  for  any  number  of  years  certain  and  ia  perpetmty, 
at  tlie  seTexal  rates  of  LitereBt  which  a  purchaser  may  th^eby  make 
of  hia  money. 

Note. — The  TSle  of  Interest  shown  in  this  Table  u  that  which  a  purcha^r  may 
make  of  hi^  moDcv,  and  get  back  his  Capital,  provided  he  can  Te^inTest  his  monegr  at 

the  E-".r.i'-        <S  1"tf:'rcst'-. 


Years  Purchase  at 

Term  of 

Years  I'un'haae  at 

Q 
O 

A 

4 

R 

9 

o 
D 



xean* 

Q 
O 

A 
V 

in 

AU 

VMM  AMtt 

peroQiiii. 

per  ccuir. 

par  voiHi 

12  9 

11  9 

1 1 

18^ 

102 

9  5 

8  9 

8  2 

143 

131 

12  1 

XM«  -1.. 

11  2 

X  X  CM 

19 

103 

9  6 

8  9 

8.4 

14  6 

13  4 

1 2.:'', 

11  3 

X  X* 

19^ 

10.5 

9  7 

9 

84 

149 

13  6 

12  5 

11  5 

20 

106 

9  8 

91 

85 

15 1 

13  8 

12  fi 

11  fi 

20| 

107 

9  9 

92 

86 

154 

14 

12  8 

11  8 

X  X*L/ 

21 

108 

x\y*\y 

10 

93 

8.6 

ir>  7 

li.2 

13. 

11.0 

21i 

10  9 

10  1 

X 

9  4 

87 

14.5 

132 

12 

22 

11  1 

102 

x\/.<w 

94 

88 

162 

147 

13  3 

12.2 

22i 

11-2 

10  3 

Jk  v*w 

9  5 

88 

IB  4 

14.9 

13  5 

12.3 

23 

113 

JLX.*f^ 

104 

96 

89 

1().7 

15.1 

12.4 

23i 

11.4 

ft .  i 

169 

15.2 

13.8 

12  6 

84 

11  5 

10  5 

9  7 

9 

17.2 

15.4 

13.9 

12.7 

XMa  1 

24^ 

11.6 

10  6 

9  8 

9 

17.4 

15.6 

14.1 

12.8 

11.7 

10.7 

9.8 

9.1 

17.6 

15.8 

14.2 

12.9 

3 

11.7 

10.7 

9.9 

9.1 

17.9 

16. 

14.4 

13. 

28 

11.8 

10.8 

9.9 

9.2 

18.1 

16.2 

14.5 

13.1 

11.0 

10.9 

10. 

9.2 

18.3 

16.3 

14.0 

13.2 

27 

12. 

10.9 

10. 

9.2 

18.5 

16.5 

14.8 

13.3 

27.'. 

12.1 

n. 

10.1 

9.3 

18.8 

10.7 

14.9 

18.4 

28" 

12.1 

11.1 

10.1 

9.3 

1!J. 

16.8 

15. 

13.5 

12.2 

11.1 

10.2 

9.3 

17. 

15.1 

13.6 

12.3 

11.2 

10.2 

9.4 

19.4 

17.1 

15.3 

18.7 

29i 

12.3 

11.2 

10.2 

9.4 

19.6 

VIZ 

15.4 

13.8 

30 

12.4 

11.3 

10.3 

9.4 

19.8 

17.4 

15.5 

13.8 

30^ 

12.5 

11.3 

10.3 

9.5 

20. 

17.6 

15.6 

13.9 

31 

12.5 

11.3 

10.3 

9.5 

20.2 

17.7 

16.7 

14. 

31i 

12.6 

11.4 

ia4 

9.5 

80.4 

17.9 

15.8 

14.1 

38 

12.6 

11.4 

10.4 

9.5 

20.6 

18. 

15.9 

14.2 

32i 

12.7 

11.5 

10.4 

9.5 

20.8 

18.1 

16. 

14.2 

33 

12.8 

11.5 

10.5 

9.6 

20.9 

18.3 

16.1 

14.3 

33* 

12.8 

11.6 

10.5 

9.6 

81.1 

18.4 

U2 

144 

8? 

12.9 

11.6 

10.5 

9.6 

21.3 

18.5 

1G.3 

14.4 

^ 

12.9 

11.6 

10.6 

9.6 

21.5 

18.7 

16.4 

14.5 

35 

12.9 

11.7 

10.6 

9.6 

21.7 

18.8 

16.5 

14.6 

35i 

13. 

11.7 

10.6 

9.7 

81.8 

1&9 

18.5 

14.6 

36 

18. 

11.7 

10.6 

9.7 

Esampi^e:- — A  Lease  for  21  years  to  pay  4  per  cent  and  get  back  the  principal  is 
worth  In  present  money  14  yeare'  purchase. 

To  pay  5  per  cent,  the  aamc  Lease  is  worth  12.8  yean'  pniehaee. 
To  pay  7  per  cent.  10.8  yeaia'  parchase,  ftc. 
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Table  2.  showing  the  present  WOKTH  of  an  ESTATE,  LEASE, 
or  ANNUITY,  for  any  number  of  years  certain  and  In  perpetuity,  at 
the  BBveral  rates  of  Interest  which  a  purchaser  may  thereby  make  of 
his  mon^. 

Note.— The  rate  of  Interest  shown  in  this  Tabic  is  that  which  a  purcliascr  may 
make  of  his  money,  and  get  back  hia  Capiul,  provided  he  can  re-invest  at  the 
same  rate. 


Years  Purchase  at 

Term  of 

Years  Piirclia.se  at 

10 

9 

V 

5 

a 

V 

It' ears. 

9 

per  oent« 

oer  cent. 

DRT  ef*iai. 

otBt  cent. 

ner  cent. 

percent. 

percent. 

percent. 

19.1 

b\.7 

M.7 

37 

13.1 

11.8 

10.7 

9.7 

iU.4 

16.9 

14.8 

38 

13.2 

11.8 

10.7 

9.7 

22.8 

19.6 

17. 

14.9 

39 

13.3 

11.9 

10.7 

9.8 

23.1 

19.8 

17.2 

15. 

ilA 

13.3 

11.9 

10.8 

9.8 

2B.4 

20. 

17.3 

15.1 

41 

13.4 

12. 

10.8 

9.8 

23.7 

20,2 

17.4 

15.2 

42 

13.5 

12. 

10.8 

9,8 

24. 

20.4 

17.5 

15.3 

43 

13.5 

12, 

10.8 

9.8 

24.3 

20.5 

17,7 

15.4 

44 

13.6 

12.1 

10.9 

9.8 

24.5 

20.7 

17.8 

15.5 

45 

13.6 

12.1 

10.0 

;).9 

24.8 

20.9 

17.9 

15.5 

46 

13.6 

12.1 

10.9 

9.9 

25. 

21. 

18. 

15,G 

47 

13.7 

12.2 

10.9 

9.9 

25.3 

21.2 

18.1 

15.6 

AO 

48 

13.7 

12.2 

10.9 

9.9 

25.5 

21.3 

18.2 

15.7 

A  tk 

49 

13.8 

12.2 

10.9 

9.9 

25.7 

1  18.3 

15.8 

oO 

13.8 

12.2 

11. 

9.9 

26. 

21.6 

18.3 

15.8 

51 

13-8 

12.3 

11. 

9.9 

26.2 

21.7 

18.4 

15.9 

53 

13.9 

12.3 

11. 

9.9 

2r>.4 

21.9 

18.5 

1.19 

53 

13.9 

12.3 

11. 

9.9 

22. 

18.6 

15.9 

fA 

54 

13.9 

12.3 

11. 

9.9 

22.1 

18.G 

16. 

55 

13.9 

12.3 

11. 

9.9 

27, 

22.2 

18.7 

16, 

56 

14 

123 

11. 

10. 

27.2 

OO 

^  —1  ■  'J 

18.8 

16. 

57 

11. 

12.3 

10. 

27.. 3 

22,4 

18.8 

16.1 

58 

11. 

12.4 

11. 

10. 

27.5 

22.5 

18.9 

16.1 

14. 

12.4 

11. 

10. 

87.7 

22.6 

18.9 

16.1 

69 

14. 

12.4 

11. 

10. 

27.8 

22.7 

19.1 

1C.2 

61 

n. 

12.4 

11. 

10. 

28. 

22.8 

19. 

16.2 

62 

12.4 

11.1 

10. 

28.1 

22.9 

19.1 

16.2 

63 

14.1 

12.4 

11.1 

10. 

28.3 

23, 

19.1 

16.3 

64 

141 

12.4 

11.1 

10. 

28.5 

23. 

19.2 

16.3 

65 

11.1 

12.4 

11.1 

10. 

28.G 

23.1 

19.2 

16.3 

66 

14.1 

12.4 

11.1 

10. 

28.7 

23.2 

19.2 

16.3 

67 

14.1 

12.4 

11.1 

10. 

28.9 

23,3 

19,3 

16^ 

68 

14.1 

12.4 

11.1 

la 

21>. 

23.3 

19.3 

16.4 

69 

14.1 

12.4 

11.1 

10 

29.1 

23.4 

19.3 

70 

14.2 

12.4 

11.1 

10 

29.2 

28.4 

19.4 

it;.4 

71 

14.2 

12.4 

11.1 

10 

29.3 

23.5 

19.4 

16.4 

72 

142 

12.4 

11.1 

la 

■  ExAMPbs.— An  Estate  held  fax  sixty  years  to  get  back  principal  and  interest  is . 
Vorth  in  present  money  : 

If  3  per  Cent.  Interest  is  required  .    .    .    27-7  years'  purchase 

4  „  „  .  22X 

5  »•  »>  ...   lB-9  ,» 
*>                 11  ...    16»1  f, 
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TMe  2.  Sho win  g  the  PRESENT  WORTH  of  m  ESTATE,  LEASE, 

or  ANNUITY,  for  any  number  of  years  certain  anrl  in  perpetnity,  at 
the  several  rates  of  Interest  which  a  purchaser  may  thereby  make  of 
his  money. 

jVoftf. — The  rate  of  Interest  shown  in  this  TabU'  is  that  which  a  purchaser  may 
make  of  his  money,  and  get  back  his  Capital,  provided  he  can  xoinvest  at  the 
MUDM  rate. 


Years  Pnrchaee  at 

Term  of 

Tears  Purchase  at 

4 

5 

a 

Years. 

7 

o 
0 

9 

1  f\ 

1 

)6rcent. 

percent. 

percent. 

percent. 

percent. 

percent. 

percent. 

percent. 

9Q  ^ 

Oft  C 

1  tl  A. 

1  (\  A. 

iu.x 

73 

Ill 

10 

Xv. 

9.Q  a 

1 

t9  R 

111 

11. X 

10 

—  ■'.  < 

J.  .'.tj 

1  C  L 

75 

t  i  ..J 

1  1  1 

9Q  A 

1<7.U 

70 

1/19 

19  f\ 

111 

10 

90  0 
J.  J 

9^{  Q 

1  0  >t 

io.o 

77 

1 A  9 

19  n 

111 

xu. 

OA 

9^ 

1 Q 

1  J.O 

lo.o 

78 

1 4.  9 

11  1 

XI.. 1 

in 
xu. 

)  1 

9*^  Q 

1 Q  A 

io.o 

79 

11  1 

XX. X 

in 

1 A  ^ 

XD.t/ 

80 

Id  ft 

11  1 

in 

xu. 

OV.O 

9i. 

ID.O 

81 

14.  9 

1 9 

n  1 
11.1 

It'. 

30.4 

24, 

16.0 

82 

14.2 

12.5 

11.1 

10. 

30  5 

24 

196 

16  6 

83 

14  2 

12  5 

Xw*w 

11.1 

X  x*x 

10 

XV. 

30.6 

211 

19.7 

16.5 

84 

14.2 

12.5 

11.1 

10. 

30.() 

24.1 

19.7 

lfi.5 

85 

14.2 

12.5 

11.1 

10. 

30.7 

24.1 

19.7 

1G.5 

S6 

14.2 

12.5 

11.1 

10. 

dO.8 

24.2 

19.7 

16.6 

87 

14.2 

12.5 

11.1 

10. 

30.9 

24.2 

19.7 

16.6 

88 

^^^^ 

14.2 

12.5 

11.1 

la 

30.9 

24.2 

19.7 

16.6 

89 

14.2 

12.5 

11.1 

10. 

81. 

24.3 

19,7 

16.6 

90 

14.2 

12.5 

11.1 

10. 

31.1 

24.3 

19.8 

16.6 

91 

14.2 

12.5 

11.1 

10. 

31.1 

24.3 

19.8 

16.6 

92 

14.3 

12.5 

11.1 

10. 

31.2 

24.3 

19.8 

16.6 

03 

14.3 

12.5 

11.1 

10. 

31,3 

24.4 

19.8 

16.6 

94 

14.3 

12.5 

11.1 

10. 

81.3 

24.4 

19.8 

16.6 

95 

14.3 

12.5 

11.1 

10. 

31.4 

24.4 

19.8 

16.6 

96 

14.3 

12.5 

11.1 

10. 

31.4 

24.4 

10.8 

16.6 

97 

14.3 

12.5 

11.1 

10. 

31.5 

24.5 

19.8 

16.6 

98 

14.3 

12.5 

11.1 

10. 

31.6 

24.5 

19.8 

16.6 

•  09 

14.3 

12.5 

11.1 

10. 

31.6 

84.5 

19,8 

16.6 

100 

14.3 

12.5 

11.1 

10. 

25. 

20. 

16.7 

Feipetuityj 

14.3 

12.5 

11.1 

10. 

EZXKF1.B.— A  Lease  for  ninety-nine  years  to  pay  7  per  cent,  and  get  back  the 
principal,  is  worth  14.8  years*  purchaae. 

The  Fee  Simple  of  a  Freehold  Estate  to  pay  6  per  cent,  is  worth  20  years*  pur- 
chase or  to  pay  3  per  cent,  33.3  yesia*  purchase. 
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Table  8.  present  WOBTH  of  Property  held  on  a  single  life,  as 
of  a  peraon  in  poflsessioa  of  a  LIVING  or  BENEFICE,  or  the 
holder  of  •  LEABE^  ESTATE,  or  ANNUITT,  according  to  the 
Nor(h€m$iUm*  TchU  of  MorkOty. 

iVofe.— The  rate  of  Interest  shown  in  this  Table  is  that  vhioh  8  purchaser  can 
make  of  his  moaey,  and  get  back,  his  Capital,  provided  he  can  re-iaveat  at  the 
Mine  rate. 


Year*  Pnrohaae  at 

e«n  Pnrchaae  at 

Age  of 

a 

nar  omt. 

ft 

DAt*  cent. 

Q 
V 

Mr  CAHt. 

% 

II 

Dflr  CflniL 

tllA  Tjfe^ 

7 
• 

per  oent* 

16. 

13.5 

11.6 

1 

10.1 

9. 

8. 

18.6 

15.6 

13.4 

2 

11.7 

10.4 

9.3 

19.6 

16.6 

14.1 

3 

12.3 

10.9 

9.8 

20.2 

17.0 

14.6 

4 

12.8 

11.3 

10,1 

20.5 

17.2 

14.8 

5 

13. 

11,6 

10.3 

20.7 

17.6 

16. 

6 

13.2 

11.7 

10.6 

20.9 

17.6 

15.2 

7 

18.3 

11,8 

10.6 

20.9 

17.7 

15.2 

8 

13.3 

11.8 

10.6 

20.8 

17.6 

15.2 

9 

13.3 

11.8 

10.6 

20.7 

17.5 

15.1 

10 

13.3 

11.8 

10.6 

20.5 

17.4 

16. 

11 

13.2 

11.8 

10.6 

20.3 

17.3 

149 

12 

13.1 

11.7 

10.5 

20.1 

17.1 

14.8 

13 

13. 

11.6 

10.5 

19.9 

16.9 

14.7 

14 

13. 

11.6 

10.4 

19.7 

16.8 

14.6 

lo 

12.9 

11.6 

10.3 

19.4 

16.6 

145 

16 

12.8 

11.4 

10.3 

19.2 

16.5 

14.3 

17 

12.7 

11.3 

10.2 

19. 

16.3 

14.2 

18 

12.6 

11.2 

10.1 

18.8 

16.2 

14.1 

12.5 

11.2 

10.1 

18.6 

16. 

14 

20 

12.4 

11.1 

10. 

18.5 

1^  i\ 

15,9 

13.9 

21 

12.3 

11. 

10. 

18.3 

15.8 

13.8 

22 

12.3 

11. 

lai 

15.7 

13.7 

23 

12.2 

10,^ 

10.6 

13.7 

84 

12.1 

10.9 

9.9 

17.8 

15.4 

13.6 

25 

12.1 

10.8 

9.8 

I7.f; 

15.3 

13.5 

26 

12. 

10.8 

9.8 

17.5 

16.2 

13.4 
13.8 

27 

11.9 

10.7 

9.7 

17.8 

10.1 

28 

11.8 

10.7 

9.7 

17.1 

149 

13.2 

29 

]  1.8 

10.6 

9.G 

16.9 

14.8 

13.1 

30 

1  11.7 

10.5 

9.6 

16.7 

14.6 

13, 

31 

11.6 

10.5 

9.6 

16.5 

14.0 

m 

32 

11.5 

10.4 

9.0 

16.3 

14.3 

12.7 

33 

11.4 

10.3 

9.4 

16.1 

14.2 

12.6 

34 

11.3 

10.3 

9.4 

16.9 

14. 

12.5 

35 

11.2 

10.2 

9.3 

15.7 

13.9 

12.4 

36 

11.1 

10.1 

9.2 

BzAHFtB.  An  Brtate,  Amraily,  or  a  Leaser  held  on  a  ainxle  life  aged  29,  to  make 
4 per  cent,  and  to  get  back  the  Principal,  l'?  worth  14.9  yeais  pwrohaM. 
To  make  d  per  cent,  it  would  be  13.2  years'  Purchase 

«  The  Carliale  Tables  of  Mortality  are  the  most  iavorable  to  the  adler  of 

Lifehold  Estatfs,  and  the  London  the  most  favorable  to  the  purclwaer.  The 
Northampton  Tables  ai^  the  mean  may  perhaps  be  considered  the  most  equitable. 
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Tftble  8  eontamed,   PRESENT  WORTH  of  FROPHaiTT  held  on  a 
angle  life,  as  of  a  person  in  posaession  of  a  LIVING  or  BENBFIOB, 

or  the  lioiaer  of  a  LEASE,  ESTATJ^  or  ANNUITY,  ecooTdingto 

the  Norihamptou  Table  of  Mortah'ti/. 

NoU. — ^The  r»te  of  Intoreet  shown  in  this  Table  is  that  which  a  purchaser  may 
make  uf  his  money,  and  get  back  the  Principal,  nKmded  he  can  ra-nweal  at  the 
same  rate. 


Years  Purobase  at 

Age  of 

1          Years  Purchase  at 

1 

3 

per  ceat. 

percent. 

5 

percent. 

the  Life,  i 

1  ^ 
percent. 

7 

percent 

8 

percent. 

15.5 

l.j.  ( 

12.2 

87 

1 

10. 

9.2 

15.0 

13.5 

12.1 

38 

10.9 

9.9 

9.1 

lo.l 

1H.4 

12. 

39 

10.8 

9.8 

9. 

lii  a 
U.cf 

40 

10,7 

9.8 

8.9 

14.6 

*f  ft 

13. 

11.7 

41 

10.6 

9.7 

8.9 

t  A  A 

12.8 

11.6 

42 

10.5 

9,6 

8.8 

1  4  fi 

14.2 

12.7 

11.4 

43 

10.4 

9.5 

8.7 

1  Q  A 

12.0 

11.3 

44 

10.2 

9.4 

8.6 

IO.7 

12.3 

11.1 

45 

10.1 

9.3 

8.5 

104 
I  i.* 

12.1 

10.9 

46 

10. 

9.2 

8.4 

1  1  A 

11.9 

10.8 

47 

9.8 

0. 

8.3 

16. 

11.7 

10.6 

48 

49 

8.7 

1          A  A 

9.6 

8.9 

8.2 

10.4 

8.8 

8.1 

1 1 .0 

50 

9.4 

8.7 

8. 

If)  0 

ii.i 

10.1 

1  51 

9.3 

8.r> 

7.9 

11  0 

1 A  0 
10.0 

A  A 

8.8 

52 

8.1 

8.4 

7.8 

11  "7 

Xl./ 

1 A  0 

10.0 

A  n 

9.7 

53 

9. 

8.3 

mm  mm 

7.7 

1  1  .'i 

lA  A 

10.4 

A  P 

9.6 

64 

8.8 

8.2 

7,6 

1A  <i 

lU.;^ 

lU. 

9.2 

56 

8.5 

7.9 

7.4 

10.3 

9.5 

8.8 

58 

&2 

7.6 

7.1 

9.8 

9. 

8.4 

60 

7.8 

7.3 

6.9 

9.2 

8.5 

8. 

62 

7.-1 

7. 

6.6 

8.6 

8» 

7.5 

7.1 

6.6 

6.3 

8. 

IJi 

7. 

66 

6.6 

6.3 

6.9 

7.4 

6.9 

6.5 

G8 

6.2 

5.9 

5.6 

6.7 

6.4 

6. 

70 

5.7 

5.4 

5.2 

6.1 

5.8 

5.5 

72 

5.2 

6. 

4.8 

5.5 

5.2 

5. 

74 

4.8 

4.6 

4.4 

4.9 

4.7 

76 

4.3 

4.2 

4.0 

4.4 

4.3 

^ 

78 

8.9 

3.7 

3.6 

3.8 

3.6 

3.5 

80 

3.4 

3.3 

3.2 

a2 

3.1 

3. 

82 

29 

2.8 

2.8 

2.8 

2.7 

2.6 

84 

2.6 

2.0 

2.4 

2.5 

2.4 

2.3 

86 

2.8 

2.2 

2.2 

2.2 

2.1 

2.1 

88 

2. 

2. 

1.9 

1.8 

1.8 

L7 

80 

1.7 

1.7 

1.6 

Example.  An  Estate,  Annm^,  or  a  Lease,  held  on  a  single  life  aged  ^  to 
make  8  p«r  cent,  and  to  get  back  Ae  Prindpal,  is  wordi  12.4,  ]ran»'  pfuroban. 

To  make  4  per  cent,  it  would  "bo  1 1  .3  years*  purchase. 

The  next  proscntation  to  a  living  being  vacant  is  to  be  consid^ed  as  a  Lifdudd 
at  5  per  cent.  All  annual  charges,  of  whatever  kind  (induding  that  of  a  Curate,) 
must  be  deducted  from  the  groee  income  to  find  the  net  annual  income. 
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TMe  ^  PRESENT  WOE  I'H  f  Property  lield  on  «  single  life,  as  of 

a  person  in  posseesioa  of  a  LIVING  or  BENEFTOB,  or  the  holder 
of  a  LEASK,  ESTATE,  or  ANNUITY,  according  to  the  CarHtk 
TabU  of  Mortality. 

Note. — The  rate  of  Interest  eho-wn  in  this  Table  is  that  which  a  Pnrchaser  may 
make  of  Mb  money,  and  get  back  his  PriDcipal,  provided  be  em  re-mvest  at  tiie 
same  rate. 


Yean  I^inthaae  at 

Age  01 

Years  Pudiaae  at 

3 

4 

5 

the  Life. 

e 

7 

8 

par  cent. 

percent. 

per  cent. 

par  cent. 

per  cent. 

percent. 

20.1 

16.6 

14. 

1 

12.1 

10.6 

9.4 

21.5 

17.7 

15. 

2 

12.9 

11.3 

10.1 

22.7 

18.7 

15.8 

3 

13.7 

12. 

10.7 

23.3 

19.2 

16.3 

4 

14. 

12.3 

11. 

23,7 

19.6 

16.6 

5 

14.3 

12.6 

11.2 

23.8 

19.7 

16.7 

6 

14.5 

12.7 

11.3 

23.y 

19.8 

16.8 

7 

14.5 

12.R 

11.4 

23.8 

19.8 

16.8 

8 

14.5 

12.8 

11.4 

28.7 

19.7 

16.7 

9 

146 

12.8 

11.4 

23.5 

19.6 

16.7 

10 

14.4 

12.7 

11.3 

23.3 

19.5 

16.6 

11 

144 

12.7 

ll..'^ 

23.1 

19.3 

16.5 

12 

143 

12.6 

11.3 

23. 

19.2 

16.4 

13 

143 

12.6 

11.2 

22.8 

19.1 

16.3 

14 

14.2 

12.5 

11.2 

22.6 

19. 

16.2 

15 

14.1 

12.5 

11.1 

22.4 

18.8 

l&l 

16 

14.1 

12.4 

11.1 

22.2 

18.7 

16.1 

17 

14. 

12.4 

11.1 

22.1 

18.6 

16. 

18 

14. 

11.1 

21.9 

18.5 

15.9 

19 

13.9 

12.3 

11. 

21 7 

18.4 

158 

20 

13  8 

I''  3 

11. 

21.0 

18.2 

15.7 

21 

13.8 

iO.9 

21.3 

18.1 

15.6 

22 

13.7 

12.2 

10.9 

21  1 

1v. 

15.5 

23 

13.6 

12.1 

10.9 

20.9 

17.8 

15.4 

24 

13.5 

12. 

10.8 

20.7 

17.6 

15.3 

26 

13.5 

12. 

10.8 

20.4 

17.5 

15.2 

26 

13.4 

11.9 

10.7 

20.2 

17.3 

15.1 

27 

13.3 

11.8 

10.7 

20. 

17.2 

14.9 

28 

13.2 

11.8 

10.6 

las 

17. 

14.8 

29 

13.1 

11.7 

1U.5 

19.6 

16.9 

U.7 

30 

13. 

11.6 

10.5 

19.3 

16.7 

14.6 

31 

12.9 

11.6 

10.5 

19.1 

16.6 

14.5 

82 

12.9 

11.5 

104 

18.9 

16.4 

14.4 

33 

12.8 

11.4 

10.4 

18.7 

16.2 

14.3 

34 

12.7 

11.4 

10.8 

18.4 

16. 

141 

35 

11.3 

10.2 

18.2 

16.9 

14. 

36 

12.5 

11.2 

10.2 

ExanrLE.    A.n  Estate,  Annmty,  or  a  Lease  held  on  a  single  life  aged  89,  to 
make  4  per  oent.  and  get  back  the  Pruidpal,  is  worth  17  years'  pundiaae. 
To  make  6  par  cent.,  14.8  years'  pnichaae. 
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TaUe  4  continued.  PRESENT  WORTH  of  Property  held  on  a  siugie 
life,  as  of  a  person  in  possession  of  a  LIVING  or  BENEFICE,  or 
the  lioldei  of  a  LEASE,  ESTATE,  ox  ANNUITY,  aooording  to  the 
Carlitle  Table  of  MorUdity. 


.Vo^ff.— The  rate  of  Interest  shown  in  tliis  Table  is  that  which  a  Pnrchaf  er  can 
make  of  hu  moaey,  and  get  ba«k  his  Capital,  prcmded  he  cao  re-iave^t  at  the 
same  rate. 


Years  Purchase  at 

1  Age  of 

Years  Purchiwe  at 

6 

par  cent. 

8 

percent. 

nor  Cf'nt- 

( 

7 

per  cent. 

17.9 

15.7 

13.8 

87 

12.4 

11.1 

10.1 

17.7 

1 5.5 

13.7 

So 

12.2 

11. 

10. 

17.4 

15.3 

13.5 

oa 

12.1 

10.9 

9,9 

17.1 

10.1 

13.4 

4U 

12. 

10.8 

9.9 

in.o 

14.0 

13.2 

41 

11.9 

10.8 

9.8 

1G.(! 

U.7 

13.1 

42 

11.8 

10.7 

9.7 

16.4 

1  14.5 

13. 

A  O 

.  11.7 

10.6 

9.7 

lai 

14.3 

12.8 

AA 

44 

11.6 

10.5 

9.6 

15.9 

14.1 

12.6 

AH 

45 

11.4 

10.4 

9.5 

13.9 

12.5 

AC 

11.3 

10.3 

9.4 

10.3 

13.7 

12.3 

AT 

11.2 

10.2 

9.8 

15. 

13.4 

12.1 

ilQ 

11. 

10.1 

9.2 

11.7 

l:-..2 

11.9 

At\ 

49 

10.8 

0.9 

9.1 

14.3 

12.9 

11.7 

10.6 

9.7 

9. 

1S.9 

12.6 

11.4 

51 

10.4 

9.G 

8.8 

13.6 

12.3 

11.2 

■o 

09» 

10.2 

9.4 

8.7 

1S.2 

10.9 

Oo 

10. 

9.2 

8.5 

12.8 

10.6 

KA 

o« 

9.8 

9. 

8.4 

12. 

11. 

10.1 

net 

9.3 

8.6 

8. 

11.2 

10.3 

9.5 

Kfl 
WO 

8.8 

8.2 

7.6 

10.5 

9.7 

8.9 

bU 

8.3 

7.7 

7.2 

9.9 

9.1 

8.5 

62  i 

7.9 

7.4 

6.9 

9.2 

8.6 

8. 

64 

7.5 

7. 

6.6 

as 

8. 

7.5 

66 

7. 

6.6 

6.3 

7.9 

7.4 

6.9 

68 

6.5 

6.2 

7.1 

f>.7 

0.3 

70 

6. 

5.7 

5.4 

6.4 

6. 

5.7 

72 

5.4 

5.2 

4.9 

5.8 

6.5 

5.2 

74 

4.9 

4.7 

4.5 

5.3 

5. 

4.8 

76 

4.6 

4.4 

4.2 

4.S 

4.r. 

4.4 

78 

4.2 

4.1 

3.9 

4.4 

4.2 

4. 

80 

3.9 

O  T 

O.  1 

3.6 

3.9 

3.7 

3.6 

82 

3.5 

3.4 

3.2 

3.5 

3.3 

3.2 

84 

3.1 

3. 

2.9 

3. 

2.9 

2.8 

86 

2.7 

2.7 

2.6 

2.8 

2.7 

2.6 

88 

2.5 

2.4 

2.4 

%A 

2.4 

2.3 

80 

2.3 

2.2 

2.1 

Example.   An  Estate,  Annuity,  or  a  Lease  held  on  a  single  life  aged  60,  to 
make  Z  per  cent,  and  get  back  the  Principal,  is  worth  14.3  yean'  purchase. 
To  nuke  4      cent.,  12.9  years'  porehase. 

A'ote.— It  urtU  be  observed  that  the  Osriiale  TaUe  of  Mortalitr  is  more  favor- 
able  than  the  Northampton,  and  may  be  used  accordingly  on  healthy  lives. 
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Table  5.  PRESEKT  W  ORTH  of  an  ESTATE,  AN.NUITY,  or  a 
LEASE  held  on  Two  Joint  Lives,  according  to  the  NortJmm^&i^ 
TciU  of  MmidUtg. 

Note. — The  Rate  of  Interest  shown  in  this  Table  is  that  which  a  purch;iser  may 
make  of  his  money,  wd  get  back  his  Peoioipaly  provided  he  can  re-invest  aX  the 
same  rate. 


Years  Purchase  at 

4 

Years  Purcliasc  at 

8 

per  cent. 

■  — 

4 

percent 

8 

per  cent. 

6 

per  cent. 

i6.a4 

14.28 

xU 

1 A 
10 

12.66 

11.34 

15.15 

18.36 

JLU 

OA 

20 

11.91 

10.72 

14.15 

12.59 

lU 

MM 

oO 

11.30 

in. '21: 

12.79 

11.51 

lU 

-  - 

10.44 

9.54 

11.04 

10.08 

xU 

50 

9.26 

8.55 

8.95 

8.31 

10 

oO 

7.76 

7.25 

6.35 

6.01 

1  n 

7U 

5.70 

5.42 

3.65 

3.52 

80 

3.39 

3.28 

14.13 

12.53 

on 

OA 

11.23 

10.16 

13.29 

11.87 

OA 

OA 

80 

10.71 

9.73 

12.10 

10.92 

OTk 

40 

9.94 

9.10 

20.52 

9. 03 

OA 

OO 

a86 

8.19 

8.60 

8.00 

OA 

dO 

7.46 

6.99 

6.15 

5.83 

ZX) 

70 

0.53 

5.26 

8.67 

3.44 

«U 

80 

8.32 

3.21 

12.59 

11.31 

QA 

OA 

oU 

10.25 

9.36 

1L57 

10.49 

Qrk 
oU 

/I  A 

4U 

9,58 

8.79 

10.16 

9.32 

oU 

CA 

50 

8.60 

7.97 

o.o8 

T  OA 

7-oO 

80 



60 

7.29 

6.84 

6.04 

6.73 

30 

70 

5.44 

5.16 

3.53 

3.41 

30 

80 

3.29 

3.18 

10.73 

9.82 

40 

40 

9.08 

8.32 

9.59 

8.88 

40 

50 

8.18 

7.60 

8.02 

7.49 

40 

60 

7.01 

G.59 

5.87 

5.57 

40 

70 

5.30 

5.05 

8.47 

.  3.3o 

40 

80 

3.24 

3.13 

8.71 

8.08 

00 

50 

7.08 

7X13 

7.46 

6.99 

50 

60 

6.57 

6.19 

5.58 

5.30 

50 

70 

5.05 

4.82 

8.36 

3.25 

50 

80 

3.14 

3.04 

6.81 

6.23 

60 

60 

5.89 

0.08 

5.14 

4.90 

60 

70 

4.68 

4.48 

3.20 

3.09 

60 

80 

2.90 

4.26 

4.09 

70 

70 

3.93 

3.78 

ExAxnA'Aii  Xatate,  Amuity,  or  a  Lease  held  on  Two  Joint  lives,  aged  40 
and  50  years,  which  ia  to  be  determined  on  the  death  of  oithrr,  to  maVe  3  per 
cent,  and  get  hack  tiie  Ffeincqnl,  is  worth  9.5d  years'  purchase.  To  make  4  per 
cent,  it  is  worth  8.83  yens'  pnrdiase. 
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Table  6»  Showing  the  PRESENT  VALUE  of  an  ESTATE,  AN- 
NUITY, or  a  L£AS£»  held  on  the  hngeU  of  Two  Live»,  calculated 
aooordng  to  the  Northampton  TabU  of  Mortality. 

Note,  Th»  rate  of  interest  sliewn  in  this  T&ble  is  th»t  which  a  purchaser  may 
make  of  his  money,  and  get  hack  his  Cqiital,  provided  he  o«a  re-invest  at  fSie 

fi'imf'  rate. 


A  fl 

Agea  of 

the  Lives, 

Years  Pnrohase  at 

Ages  of 
thelivee. 

Years  Fturchase  at 

3 

p.  cent. 

4 

p.  cent 

9 

pk  cent. 

6 

p.  cent. 

3 

p.  cent. 

4 

p.  oent. 

5 

p.  cent. 

A 

P«cent> 

5 

— 

5 

25.3 

20.9 

17.7 

15.3 

25  — 

65 

18.7 

16.3 

14.8 

12.7 

6 

— 

15 

24.7 

20.6 

17.5 

15.1 

25  — 

75 

18.2 

15.8 

18.9 

12.4 

5 

— . 

25 

24.0 

20.0 

17.1 

14.9 

SO- 

30 

20.3 

18.2 

15.9 

14.0 

5 

— 

;la 

23.3 

19.6 

16.8 

11.6 

SO- 

40 

20.2 

17.5 

15.3 

13.6 

S 

■ — 

45 

22.6 

19.0 

16.4 

14.3 

SO— 

50 

19.2 

16.7 

14.7 

13.1 

6 

55 

21.9 

18.5 

16.0 

13.9 

SO- 

60 

18.3 

16.0 

14.2 

12.7 

6 

— 

e5 

21.3 

18.0 

16.6 

18.6 

SO— 

70 

17.6 

15.4 

18.7 

12.2 

5 

— 

7r> 

20.9 

17.7 

15.2 

13.3 

SO  — 

80 

17.2 

15j  J 

1:;.:; 

no 

10 

— . 

10 

25.0 

20.8 

17.6 

15-2 

35  — 

35 

20.1 

17.6 

15.3 

13.6 

10 

— 

20 

24.1 

20.2 

17.2 

15.0 

35  — 

45 

19.0 

16.6 

14.7 

13.1 

10 

30 

28.4 

19.7 

16.9 

14.7 

35  — 

56 

18.0 

16.8 

14.0 

12.6 

10 

40 

22.7 

19.2 

16.5 

14.5 

35  — 

65 

17.1 

15.0 

18.4 

12.0 

10 

22.1 

18.7 

16.1 

14.2 

60  — 

»  ■  ' 

VW 

14.6 

12.9 

11.6 

10 

GO 

21.5 

18.2 

15.8 

13.9 

40  — 

40 

18.9 

16.6 

14.7 

131 

10 

70 

21.0 

17.9 

15.5 

13.4 

40  — 

50 

17.7 

15,6 

13.9 

12.6 

10 

80 

17.'' 

l.'i  ;; 

40  — 

60 

lO.O 

t±  T 
1.4. 1 

11  u 

15 

15 

24.0 

20.2 

172 

14.9 

40  — 

70 

15.7 

14.0 

12.6 

11.4 

15 

25 

23.2 

19.6 

16.8 

14.7 

40  — 

80 

15.2 

1:^.5 

12.1 

n  .0 

15 

35 

22.4 

19.0 

16.4 

14.4 

45  — 

45 

17.6 

15.6 

13.9 

12.5 

15 

45 

21.7 

18.5 

16.0 

14.0 

45  — 

55 

16.8 

14.6 

18.1 

11.8 

15 

65 

21.0 

17.9 

15.6 

1:1.7 

15 

65 

15.1 

13.6 

12.8 

11.8 

15 

65 

20.4 

17.4 

15.2 

13.3 

45  — 

75 

14.3 

12.9 

11.6 

10.6 

15 

76 

VXd 

17.1 

14.8 

13.1 

SO- 

50 

16.2 

14.4 

13.0 

11.8 

SO 

90 

23.1 

19.9 

16.8 

14.6 

SO- 

60 

14.8 

18.3 

12.1 

11.0 

20 

30 

22.3 

18.9 

16.4 

11.3 

50  — 

70 

13.6 

12.3 

11.2 

10.3 

20 

40 

21.4 

18.3 

1 5.9 

14.0 

50  — 

80 

12.9 

11.7 

106 

9.8 

20 

60 

20.G 

17.7 

15.4 

13.6 

55  — 

55 

146 

13.2 

12.0 

11.0 

20 

60 

19.8 

17.1 

11.9 

13.2 

66  — 

66 

18.1 

12.0 

11.0 

10.1 

20 

70 

19.2 

16.6 

11.5 

12.9 

55  — 

75 

12.0 

11.0 

10.1 

9.3 

20 

80 

18.8 

lr.,2 

14.2 

12.6 

60  — 

60 

12.9 

11.9 

10.9 

101 

25 

25 

22.2 

18.9 

16.4 

14.4 

60  — 

70 

11.4 

10.5 

9.7 

9.1 

25 

85 

21.8 

ia3 

15.9 

14.0 

60  — 

80 

10.4 

9.6 

8.9 

8.8 

25 

45 

20.?, 

17.6 

15.4 

13.6 

65  — 

75 

9.5 

8.9 

8.4 

7.8 

26 

55 

19.5 

16.9 

14.8 

13.1 

70  — 

70 

9.2 

8.6 

ai 

7.6 

ExAMPLV.  An  Estate,  AnnTiity,  or  a  Lease,  to  be  detenuiixed  at  the  death  of 
the  longest  of  Two  Lives,  wlios^c  ages  aie  2n  and  35  years ;  to  make  3  per  cent,  and 
get  back  the  Principal,  is  worth.  21.3  years' purchase ;  to  make  4  per  cent,  it  is 
irorth  18.3  years'  porohase. 
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Table  7.  present  worth  of  m  estate,  annuity,  or  a 

LEASE,  lield  on  the  hngett  of  Three  Liva,  according  to  the 
Northamptai^  TaNe  of  MarUdUjf. 

iS'ofe.— The  rate  of  Interest  shewn  in  this  Table  la  that  which  a  puTehaser  may 
make  of  hia  money,  and  get  back  the  ^incipal,  provided  he  can  re^iarett  at  the 
flame  rate. 


Ages  of  the 

Yeaia  Purchase  at 

Yean  Pnrchaae  at 

5 

0 

Ages  ot  the 

6 

Lives. 

3 

A 

Lives. 

3 

4 

5 

p.  cent. 

p.cent. 

p.cent. 

p.cent. 

p.  cent. 

p.cent. 

p.  cent. 

p.  cent 

10  10  10 

^m%0  ma>^m 

26.6 

21.9 

ia.3 

15.7 

10 

At) 

40 

23.7 

19.9 

17,1 

14.9 

10  10  20 

26.2 

21.7 

18.3 

15.7 

10 

40 

.'50 

23.1 

19.6 

16.8 

14.7 

10  10  oO 

25.8 

21.4 

18.0 

15.6 

10 

40 

22  0 

19.4 

16.7 

14.6 

10  10  40 

25.4 

21.1 

17.9 

15.5 

40 

70 

22!7 

19.1 

16.5 

14.4 

10  10  50 

JL-Vaf 

25.3 

20,8 

17.7 

15.3 

10 

XV/ 

45 

45 

23.8 

19.5 

16.8 

14.7 

10  10  60 

25.0 

20.8 

17.6 

15.2 

10 

RR 

22.6 

19.2 

1G.6 

14.6 

10  10  70 

25.0 

20.8 

17.6 

15.2 

10 

45 

22.5 

19.0 

1G.4 

14.5 

10  20  20 

26.7 

21.3 

18.1 

15S 

1'> 

45 

7.5 

22.2 

18.8 

16.2 

14.2 

iu  liO  30 

25.1 

21.0 

17.8 

16.4 

10 

50 

22.6 

19.2 

16.6 

14.5 

10  20  40 

24.6 

20.6 

17.6 

15.2 

10 

AO 

22.2 

18.9 

16.8 

14.8 

10  20  50 

24.5 

20.4 

17.4 

15.1 

10 

50 

70 

22.0 

18.7 

16.1 

14.1 

10  20  GO 

24.3 

20.3 

17.4 

15.1 

10 

55 

55 

22.3 

19.0 

16.4 

14.2 

10  'AO  70 

24.1 

20.1 

17.2 

14.9 

10 

55 

65 

1  21.8 

18.5 

10.0 

14.1 

10  25  25 

25.1 

20.9 

17.8 

15.6 

10 

55 

75 

21.8 

18.6 

16.0 

14.1 

10  25  35 

24.6 

20.6 

17.6 

15.2 

10 

60 

60 

22.0 

18.7 

15.9 

14.0 

10  25  45 

24.4 

20.5 

17.4 

15.1 

10 

60 

70 

21.6 

18.4 

15.9 

14.0 

10  25  55 

24.1 

20.3 

17.2 

14.9 

10 

65 

65 

21.5 

18.2 

15.8 

14.2 

10  25  65 

28.9 

20.1 

17.2 

14.9 

10 

65 

75 

21.2 

18.0 

16.6 

18.7 

10  2.>  75 

23.7 

11).  s 

IT.D 

14.7 

lo 

70 

70 

21.3 

18.1 

15.7 

la.s 

10  30  30 

24.8 

20.6 

17.6 

15.3 

15 

25 

25 

24.8 

20.8 

17.7 

15.4 

10  30  40 

24.3 

20.3 

17.4 

16.1 

15 

25 

35 

.  24.2 

20.3 

17.4 

15.2 

10  30  50 

23.8 

20.0 

17.2 

15.0 

15 

25 

45 

23.9 

20.2 

17.2 

15.0 

10  80  60 

28.6 

19.8 

17.0 

14.8 

15 

25 

55 

28.6 

19.9 

17.1 

14.8 

10  :',o  70 

23.5 

19.7 

16.0 

14.8 

15 

25 

65 

28.4 

19.7 

16.9 

14.7 

10  35  35 

24.2 

20.4 

17.5 

15.1 

15 

25 

75 

19.5 

16.7 

14.6 

10  35  46 

23.8 

19.9 

17.1 

14.9 

15 

35 

35 

.  23.7 

20.1 

17.1 

15.0 

10  85  55 

23.8 

19.6 

16.9 

14.7 

16 

85 

45 

28.8 

19.7 

16.9 

14.8 

10  35  65 

23.1 

19.5 

16.8 

14.6 

15 

35 

55 

22.7 

19.3 

16.6 

14.6 

10  85  75 

28.0 

19.4 

16.7 

14.6 

15 

85 

65 

22.5 

19.1 

16.5 

14.6 

ExA.Mi'LK.  An  Est'itc,  Anauitv,  or  a  Lease,  to  determine  on  tiie  death  of  the 
longest  of  Three  T.ive.-;.  aged  10,  fe,  and  65  yean,  to  pay  3  per  cent,  and  get  bade 
the  X^xiocipal,  is  worth  Tears*  purchase.  To  make  4  per  cent,  it  is  wSt&L  19.6 
years' pnrehase.- 
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Table  7  continved.  PiiESENT  WORTH  of  an  ESTATE,  AN- 
NUITY,  or  a  LEASE,  lield  on  the  longest  of  Three  Idves,  according 
to  the  Northampton,  Table  of  Mortalitj/, 

'^^^  °^  interest  shown  in  this  Table  i5  that  which  a  putdiaser  may 
make  of  hia  xmaej,  and  get  back  the  Principa],  provided  he  can  re-inveet  at  the 
eaiiiexate. 


Ages  of  the 

LiT«8. 

Tears  Purchase  at 

Tears  Purchase  at 

3 

4 

5 

6 

nLLTUo  Ul  tilt; 

T  j1  VfiC 

!  3 

4 

6 

6 

p.oent. 

p.cent. 

p.cenit. 

p.ccnt. 

p.cent. 

p.cent. 

p.cent. 

p.cent. 

16  36  76 

AHA 

19.0 

16.4 

14.4 

20  35  55 

22.1 

18.9 

 — 

10.4 

14.4 

4  Iff     J  fe!      A  r 

15  45  45 

19.1 

16.0 

146 

20  35  66 

21.9 

18.7 

16.2 

14.8 

15  45  55 

1  O  O 

16.3 

14.3 

20  35  75 

21.8 

18.6 

16.1 

14.2 

16  45  65 

lo.O 

16.1 

14.2 

20  40  40 

22,8 

19.3 

16.7 

14.6 

16  46  76 

21.5 

18.3 

15.9 

14.0 

20  40  50 

22,1 

18.9 

16.4 

14.4 

15  55  55 

Zl.O 

1  O  K 

16.1 

14.0 

20  40  60 

21.7 

18.6 

16.2 

14.2 

15  55  65 

1  b.O 

lo.6 

13.9 

20  40  70 

21.4 

18.3 

15.9 

14. 

15  55  75 

18.0 

15.6 

13.8 

20  45  15 

22. 

18.7 

16.3 

14.5 

15  65  65 

20.8 

17.8 

15.5 

13.9 

20  46  56 

21.4 

18.4 

16. 

14,2 

16  65  75 

20.3 

17.4 

15.1 

13.4 

20  46  66 

21.1 

18.1 

16.8 

141 

13.8 

20  20  20 

25.2 

20.8 

17.8 

15.4 

20  45  75 

20.8 

17.9 

15.5 

20  20  30 

24.5 

20.6 

17.6 

15.2 

20  50  50 

f^\J     KJ\J  \J\J 

21.4 

18.4 

16. 

14.1 

20  20  40 

23.9 

20.2 

17.^; 

15.1 

20  60  60 

20.9 

18. 

15.7 

13,9 

20  20  50 

23.7 

19.8 

17.1 

14.9 

20  60  70 

20.6 

17.7 

16.4 

18.6 

20  20  60 

23.4 

19.7 

17.0 

14.8 

20  55  55 

20.9 

18. 

15.6 

13.8 

20  20  70 

23.2 

in.;"; 

If ',.8 

i4.n 

20  55  65 

20.3 

17.5 

15.2 

13.6 

20  25  25, 

24.4 

20.6 

17.6 

15.3 

20  65  75 

20.3 

17.3 

16.2 

13.6 

20  26  36 

23.8 

20.1 

17.3 

16.1 

20  60  60 

20.0 

17.7 

15.2 

13.5 

20  25  45 

23.5 

10.9 

17,0 

14.9 

20  r.o  7'"' 

20. 

]7  n 

15.1 

13.4 

20  25  5o 

lo.n 

16.9 

14.7 

20  65  65 

20. 

17.2 

15.1 

13.6 

20  26  66 

16.7 

14.6 

20  66  75 

19.6 

16.8 

14.7 

13.1 

20  26  76 

22.6 

19.1 

16.5 

14.4 

20  70  70 

19«6 

16.9 

14.8 

13.1 

90  30  30 

24.4' 

20.1 

17.3 

15.1 

30  do  ao 

23.3 

19.6 

17. 

14.9 

20  SO  40 

23.8 

19.7 

17.0 

14.9 

30  30  40 

22.6 

19.2 

16.6 

14.6 

20  30  50 

22.S 
22.5 

19.4 

16.8 

14.7 

30  30  50^ 

21.9 

18.8 

16.4 

14.4 

20  30  60 

19.1 

16.6 

14.;7 

30  30  60 

21.6 

18.5 

16.1 

14.2 

20  30  70 

22.4 

in.o 

ir..5 

14.! 

;ia  30  70 

21.4 

18.4 

16. 

14,1 

20  35  35 

23.3 

19.8 

16.9 

14.8 

30  35  35 

22.5 

193 

16.6 

14.7 

20  35  45 

22.7 

19.4 

16.8 

14,7 

30  35  46 

21.8 

18.6 

16,2 

14.4 

Example.    An  Estate,  Annuity,  ot  a  I«A8e,  to  determine  ou  the  death  of 

the  longest  of  Tliree  Lives,  a^cd  20,  2.3,  unJ  o5  years  ;  id  pay  3  per  cent,  and 
get  back  the  Principal^  is  woxtJi  23.1  years*  purchase.  To  make  4  iier  cent,  it  is 
worth  19.6  yean'  purdkase. 
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Table  7  continued,  PRESENT  WORTH  of  an  ESIWTE,  AN- 
NUITY, or  -a  LEASE,  hdd  on  tbe  Imigest  of  Three  LiveSf 
according  to  the  NartkcunjBton  Table  of  MortatUy. 

.Ya'^..^The  Eatc  of  Interest  shown  In  tlus  TaWo  Is  that  whirh  a  purchaser  mny 
make  of  his  money,  and  get  back  tlie  Pmcipal,  provided  he  caa  re-invest  at  the 
same  rate. 


Years  Forohaise  at 

Ages  of  tlie 
Lives, 

Tean  Purcluuc  at 

TilVAfl 

3 

p.  CODt. 

4 

p.eenL 

6 

p.  cent. 

6 

p.  cent- 

3 

p.  cent. 

4 

p.C6Dt. 

9 

p.  cent. 

6 

p.  cent. 

30  35  55 

1  Q  O 

10. n 

1  J.  1 

1  o 

1  (1 

14  9. 

19ft 

30  35  G5 

ZU.y 

1  Q 

iu.  i 

14. 

40 

.'SO 

vV 

X0.0 

SO  35  75 

if  .U 

10.') 

lo.o 

40 

JiO 
Ov 

AO 

JlO.O 

144- 

19  (I 

30  40  40 

10  A 
IO.O 

1A  7 

l^.i> 

TO 

t  V.' 

17ft 

1  7 

i  X. 

lor* 

30  40  50 

OI 

10.  J 

oo 

1R  ^ 

xo.o 

14  9 

19  ft 

30  iO  60 

ITU 

lo.o 

io.y 

40 

Ot-» 

,  1 1  .o 

JLO.O 

1  ^  ft 

1 9  *t 

30  40  70 

lo.o 

40 

75 

IT  'I 

i').i> 

1  "  7 

19  4 

aO  46  45 

in. 

40 

60 

60 

17  R 
l/.O 

1^7 

19  /L 

30  45  55 

OA  O 

17.0 

li).0 

lo.  c 

40 

r,0 

70 

in  o 

1  ^  o 

XO.O 

19  9 

30  45  65 

ii.O 

1  A  9 

Ao.o 

40 

65 

65 

lO.O 

Id  7 

1^9 

19  4. 

30  46  75 

19.6 

17. 

14,9 

13.3 

40 

65 

76 

16.2 

14.4 

12:9 

11.8 

30  50  50 

20.2 

17.6 

15.5 

13.8 

40 

70 

70 

16.2 

14.5 

13. 

ll.fi 

30  60  60 

19.6 

17.1 

15.1 

13.4 

50 

50 

50 

17.9 

15.9 

14.2 

13.8 

qn  KCi  70 

19.3 

16.8 

14.8 

13.2 

50 

50 

60 

17. 

15.2 

13.0 

12.3 

30  68  06 

19.7 

17.2 

14.9 

13.4 

60 

60 

70 

16.4 

14.6 

13.2 

12. 

30  55  65 

18.8 

1(1.4 

14.5 

13.2 

50 

55 

55 

17. 

15.2 

13.6 

123 

30  rrr^  7^ 

IS'. 7 

If:.  3 

14.3 

13. 

50 

55 

65 

15.0 

14.3 

12.9 

11.9 

30  60  601 

18.1 

16.7 

14.6 

13. 

50 

65 

76 

16.6 

14. 

12.7 

11.6 

30  60  70 1 

18.6 

16.8 

14.4 

12.9 

50 

60 

60 

16. 

14.4 

12.8 

11.7 

30  65  65 

18.3 

16.^ 

14.1 

13. 

50 

ir;.2 

13.7 

12.4 

11.4 

30  G5  75 ( 

17.9 

15.7 

13.9 

12.5 

50 

65 

65 

14.8 

13.4 

12.2 

11.5 

30  70  70 

18. 

16.8 

14. 

12.5 

50 

65 

76 

14.3 

12.9 

1L8 

10.9 

40  40  40 

20.9 

la 

15.8 

14. 

50 

70 

70 

14.3 

11.8 

lOJ 

40  40  50 

20. 

17.4 

15.4 

13.7 

60 

60 

60 

14.6 

13.2 

12.0 

11.0 

40  40  GO 

I  19.4 

17. 

15. 

13.4 

m 

60 

70 

13.5 

12.4 

11.4 

10.5 

40  40  70 

1  19. 

16.6 

14.7 

13.1 

60 

65 

65 

13.2 

12.1 

11.1 

10.7 

40  45  45 

I  20. 

17.5 

15.5 

13.8 

60 

66 

76 

12.4 

11.4 

10.5 

9.8 

40  46  65 

19.1 

16.7 

14.9 

13.8 

eo 

70 

70 

12.3 

11.3 

10.5 

9.7 

^  46  66 

16.4 

14.6 

18. 

70 

70 

70 

10.6 

9.8 

9.2 

8.6 

Example,  AnBatate,  Annuity,  or  a  Lease,  to  determijie  on  the  death  of  the 
longest  of  Thne  liTes,  aged  iJO,  45,  and  66  years,  to  pay  Z  per  cant,  and  get  back 
theFrinciml,  is  urarth  19.9  years'  purchase.  To  mtJce  I  per  cent,  it  ia  wrartili  17.8 
years'  paichaee. 
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Table  8.    amount  of  fine  to  be  puia  Ibr  RENEWING  any  num- 
ber of  ye&xa  lapsed  IN  A  LEASE  originally  granted  for  10  yoare. 

Ifoie.—Tho  rate  of  Interest  shown  in  this  Table  is  that  which  a  Purchaser  may 
make  of  bis  mon^,  provided  he  can  re-iiivsst  the  surplus  at  the  same  rate,  so  as  to 
replace  th«  Fine  at  we  end  of  his  Lesae. 


3 

percent. 


Yean  Purchase  at 


.7 
l.o 
2.8 
3.1 
3.9 
4.S 
6.7 
6.6 
7.6 
8.5 


percent,  percent 


.7 
1.1 
2.1 
2.9 
3.7 
4.0 
6.3 
6.2 
7.1 
8.1 


.6 

1.3 

1 .0 
2.6 

3.4 

4.2 

n.o 

5.9 
6.8 
7.7 


percent 


.6 
1.1 

l.S 
ZA 
3.1 
3.1) 
4.7 
5.5 
6.4 
7.4 


Years  Ptuehase  at 

Years. 

7 

8 

10 

17.050 

percent. 

peroenu 

percent 

percent 

1 

.6 

.5 

.4 

.2 

2 

1.1 

1. 

.8 

.4 

3 

1.6 

1.5 

.7 

4 

2.3 

2.1 

1.8 

1. 

6 

2.9 

2.7 

2.4 

1.4 

6 

3.6 

3.4 

3. 

1.8 

7 

4.4 

4.1 

3.7 

2.3 

8 

5.2 

4.9 

4.4 

2.9 

9 

6.1 

5.8 

5.2 

3.7 

10 

7.0 

6.7 

6.1 

4.5 

JSxjkMnx^The  Fine  which  a  Tenant  should  pay  for  the  reucwal  of  ^eare 
Ii^eed  in  his  Lease  of  10  years,  in  order  that  he  msy  make  4  per  cent  ftr  the 
money  he  adrancos,  is  8.7  years*  ptutdisse  of  the  Net  j&nnnal  Income. 
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Table  9.  AMOUNT  OI'  I'lm  to  be  paid  for  RENEWING  any 
number  of  y^rs  laps^l  in  a  LEASE  originally  granted  for  Twenty 
Years. 


Note. — Thi3  Table  shows  the  rate  of  Interest  which  a  pwaon  may  make  of  his 
mooey,  provided  be  cbd  re  invest  the  snrplns  at  the  same  rate  of  Interest,  ao  asto 
r»t>lAoe  the  Fine  at  the  end  of  the  Leaae. 


Years  Purehase  at 

1  1 

1 

Ycare  Purchase  at 

8 

4 

6 

6 

Years. 

7 

8 

10 

£18  6  1 

percent 

peroent 

percent 

percent 

percent 

peroMnt. 

percent 

per  cent 

.6 

.5 

.4 

.3 

1 

.3 

.2 

.1 

.1 

1.1 

.9 

.8 

.6 

2 

.6 

.4 

.8 

.2 

1.7 

1.4 

1.2 

1. 

3 

.8 

.7 

.5 

.8 

8.3 

1.9 

1.6 

1.4 

4 

1.1 

1. 

.7 

.6 

2.9 

2.5 

2.1 

1.8 

5 

1.5 

1.3 

.9 

.6 

S.6 

3. 

2.6 

2.2 

6 

1.8 

1.6 

1.1 

.8 

4.2 

a.6 

3.1 

2.6 

7 

2.2 

1.9 

1.4 

1. 

49 

4.2 

3.6 

3.1 

8 

8.7 

8.3 

1«7 

1.8 

5.6 

4.8 

4.2 

8.6 

9 

3.1 

2.7 

2. 

1.5 

6.3 

6.5 

4.7 

4.1 

10 

3.6 

3.1 

2.4 

1.7 

7.1 

6.2 

5.4 

4.7 

11 

4.1 

3.6 

2.8 

2.1 

7.9 

6.9 

6. 

5.3 

18 

4.6 

4. 

3.8 

8.4 

6.6 

7.6 

6.7 

5.9 

13 

4.6 

3.6 

2.8 

9.6 

8.3 

7.4 

6.6 

14 

5.8 

5.2 

4.2 

3.3 

10.3 

9.1 

8.1 

7.3 

15 

6.5 

5.8 

4.7 

3.8 

11,% 

10. 

8.9 

8. 

16 

7.2 

6.5 

5.3 

4.3 

12. 

10.8 

9.7 

8.8 

17 

8. 

7.2 

6. 

4.9 

13. 

11.7 

me 

9.7 

18 

8.8 

8. 

6.8 

5.6 

13.9 

12.6 

11.5 

10.5 

19 

9.7 

8.9 

7.6 

6.4 

14.9 

lae 

18.5 

11.5 

80 

10.6 

9.8 

8.5 

7.3 

KtamtTiB.^  The  t'iae  a  Tenant  should  pay  for  the  Renewal  of  12  years  lapsed  in 
a  Lease  originaUy  granted  for  20  years,  to  make  4  per  cent  of  the  money  he 
advances,  is  6.9  jreaisf  purohsss  of  the  fM<  Jimonm. 
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Table  10.  amount  of  pine  to  be  paid  for  RBNEWINa  any 
number  of  years  lapsed  in  a  LEABE  originally  granted  for  Twenty- 
one  Years. 


Noie. — This  Table  shows  the  rate  of  Interest  which  a  person  may  make  of  his 
monesr,  provided  he  can  rc-invcst  the  rarplua  at  the  same  rate  of  Interest,  so  as  to 
replace  the  Fine  at  the  end  of  the  Lease. 


Years  Purchase  at 

Year£  f urehase  at 

3 

percent. 

4 

percent. 

5 

percent. 

6 

percent. 

XT 

7 

percent. 

8 

percent 

10 
percent. 

11.564 

OR 

£11  11  3 
per  cent. 

.5 

A 

.4 

.3 

.2 

.2 

.1 

.1 

1.1 

.9 

.7 

.6 

2  i 

.5 

.4 

.3 

.2 

1.7 

1.4 

1.1 

'  .9 

3  i 

.8 

■  .n 

.4 

.3 

2.0 

L9 

1.5 

1.3 

4  i 

1.1 

.9 

.6 

.5 

2.9 

2.4 

2. 

1.7 

5  1 

1.4 

1.2 

.8 

.6 

3.5 

2.1) 

2.4 

2.1 

6 

1.7 

1.5 

1. 

.8 

4.1 

3.5 

2.9 

2.5 

7 

2.1 

1.8 

1.3 

1.0 

4.8 

4. 

3.4 

2.9 

8 

2.6 

2.1 

1.5 

1.2 

5.5 

4.6 

4. 

3.4 

9 

2,9 

2.5 

1.8 

1.5 

6.2 

5.3 

4.5 

3.9 

10 

8.3 

2.9 

2.2 

1.7 

6.9 

5.9 

5.1 

4.4 

11 

3.8 

8.:; 

^  ,  ■  > 

o 

7.6 

8.0 

5.7 

5. 

12 

4.3 

3.8 

2.9 

2.4 

8.4 

7.3 

6.4 

5.6 

13 

4.9 

4.3 

3.3 

2.7 

9.2 

8. 

7. 

6.2 

14 

5.4 

4.8 

S.S 

8.2 

10. 

8.8 

^  #■» 

1  ■  i 

6.8 

15 

6.1 

5.3 

4.3 

3.6 

10.8 

9.6 

8.5 

7.6 

16 

6.7 

6.0 

49 

4.1 

11.7 

10.4 

9.3 

8.3 

17 

7.4 

6.7 

5.5 

4.7 

12.6 

11.8 

10.1 

9.1 

18 

8.2 

7.4 

6.2 

5.4 

13.5 

12.1 

11. 

9.9 

19 

9. 

S.2 

r,.9 

6.1 

14.4 

13.1 

11.9 

10.8 

20 

9.9 

9.1 

7.7 

6.9 

15.4 

14. 

12.8 

11.8 

21 

10.8 

10. 

8.6 

7.8 

ExAscPLE.  The  amotmt  of  Fine  which  a  Tenant  should  pay  for  the  Renewal  of 
IB  years  liqpsed  hi  a  Lease  originally  granted  for  21  yean,  to  make  4  per  cent,  of  the 
money  lie  adTanoes,  is  6.6  yean  panhaBe  of  the  Net  Annual  Incrane. 
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Table  11.   AMOUNT  OF  Fim  to  be  paid  for  RENEWING  any 
nunber  of  yean  lajwed  in  a  LEAS£  originally  granted  for  40  yeara. 

iVof'c.— This  Table  shows  the  rate  of  Interest  wWch  a  person  may  make  of  his 
money  provided  he  cm  re-invest  tho  Burolus,  beyond  the  tivuliible  interest,  at  the 
8amente,8oastox«pIaeellieFLaefttuieeiid<»  the  Lease. 


Yean  Pncchase  at 

Tears  Purchaae  at 

3 

4 

5 

6 

7 

8 

9 

10 

f&c  cent. 

percent. 

percent. 

percent. 

par  cenL 

percent. 

per  cent. 

per  cent 

.3 

.2 

.1 

.1 

1 

.1 

.0 

x> 

.0 

.6 

.4 

.3 

.2 

2 

.1 

.1 

.1 

.0 

.9 

.6 

.4 

.3 

3 

.2 

.1 

.1 

.1 

1.3 

.9 

.6 

.4 

4 

.3 

.2 

.1 

.1 

1.6 

1.1 

.8 

.6 

5 

.4 

.3 

.2 

.1 

2. 

1.4 

1. 

.7 

6 

.5 

.3 

.2 

.2 

2.3 

1.6 

1.2 

.8 

7 

.6 

.4 

.3 

.2 

2.7 

1.9 

1.4 

1. 

8 

.7 

.9 

.4 

.3 

8.1 

2.2 

1.6 

1.1 

9 

.8 

.6 

.4 

.3 

3.5 

2.5 

1.8 

1.3 

10 

.9 

.7 

.6 

.4 

3.9 

2.8 

2. 

1.5 

11 

1.1 

.8 

.6 

.4 

4.4 

3.1 

2.3 

1.6 

12 

1.8 

.6 

.5 

4.8 

3.6 

2.5 

1.8 

13 

1.3 

1. 

.7 

.5 

5.2 

3.8 

2.8 

2. 

14 

1.5 

1.1 

.8 

.6 

5.7 

4.2 

3.1 

2.3 

15 

1.7 

1.2 

.9 

.7 

6.2 

4.5 

3.4 

2.5 

16 

1.9 

1.4 

1.1 

.8 

6.7 

4.9 

3.7 

2.7 

17 

2.1 

1.6 

1.2 

.9 

7.2 

5.3 

4. 

3. 

18 

2.3 

1.7 

1.3 

1. 

7.7 

5.8 

4.3 

3.3 

19 

2.5 

1.9 

1.5 

1.1 

8.2 

6w2 

4.7 

3.6 

20 

2.7 

2.1 

L6 

1.3 

8.8 

6.7 

5.1 

3.9 

21 

3, 

2.3 

1.8 

1.4 

9.4 

7.1 

5.5 

4.2 

22 

3.3 

2.6 

2. 

1.6 

9.9 

7.B 

6.9 

4.6 

23 

3.6 

2.8 

2.2 

1.8 

10.8 

8.1 

0.3 

49 

24 

3.9 

3.1 

2.4 

2. 

11.2 

8.7 

6.8 

5.3 

25 

4.2 

3.4 

2.7 

2.2 

11.8 

9.2 

7.3 

6.8 

26 

4.6 

3.7 

3. 

2.1 

12  5 

9.S 

7  8 

27 

5 

4- 

.  f  j 

2.7 

132 

10.4 

8.3 

6.7 

28 

5.4 

44 

a6 

3. 

13.9 

11. 

8.9 

7.2 

29 

0.8 

4.8 

4. 

3.3 

14.6 

11.7 

9.4 

7.7 

30 

6.3 

6.2 

4.3 

8.6 

15.3 

12.4: 

10.1 

a2 

31 

(;.s 

5.7 

4.8 

•1. 

16.1 

13.1 

10.7 

8.8 

32 

7.4 

6.2 

5.2 

4.4 

ItKU 

la.ti 

11.4 

9.5 

33 

7.9 

.6.7 

6.7 

4.9 

17.7 

14.6 

12.1 

10.1 

34 

8.6 

7.3 

6.3 

5.4 

18.5 

16.3 

12.8 

10.8 

35 

9.2 

7.0 

n.o 

e>. 

19.4 

16.2 

13.6 

11.6 

36 

9.9 

8.6 

7.5 

6.6 

20.3 

17. 

14.4 

12.4 

37 

10.7 

9.3 

8.2 

7.3 

31.2 

17.9 

16.8 

13.2 

38 

11.5 

10.1 

9. 

8. 

22.1 

18.8 

1G.2 

14.1 

89 

12.4 

11. 

9.8 

8.9 

23.1 

19.8 

17.2 

15. 

40 

13.3 

11.9 

10.8 

9.8 

ExAiiris.  The  amount  of  Fine  which  a  Tenttit  should  pay  for  the  tenowal  of 
20  years  lapsed  ia  a  Lease  originally  granted  for  40  years,  to  make  4  per  cent,  of 
the  money  he  advances  is  6.2  yearci'  purchase  of  the  net  annual  Income. 
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Table  13.    PRESENT  VALUE  of  the  PERPETUITY  of  one  yea/» 
Rent  or  Fine,  payable  at  every  interval  of  years  stated  below. 


Years  Purchase  at 


3 

per  cent. 

4 

parent. 

5 

per  cent. 

16.4 

12.3 

9.8 

10,8 

8. 

6.3 

a 

5.9 

6.3 

16 

3.6 

3.8 

2.9 

^ 

3.2 

2.5 

2.9 

2.1 

1.6 

2. 

1.4 

1. 

1.2 

.8 

.6 

1.2 

.8 

.6 

.4 

.2 

i  Inteml 
of  Years. 

1 

Years  Purchase  at 

6  ' 
per  cent. 

8 

cent. 

10 
per  cent. 

2 

8.1 

6. 

4.8 

3 

5.2 

8.9 

8. 

4 

3.8 

2.8 

2.2 

5 

3. 

8.1 

16 

6 

2.4 

1.7 

1,3 

7 

2. 

1.4 

1.1 

10 

1.3 

.9 

.6 

14 

.8 

.5 

.4 

20 

.6 

.8 

.2 

21 

.4 

.2 

.2 

40 

.1 

,0 

.0 

ExA3iPi,K.^The  present*  worth  of  the  per}ieiuity  of  one  year's  Rent  or  Fine, 
payable  every-  10  years,  is  at  4  per  cent.  a.  1  years'  purchase. 

♦  Thatisto»ay,iBiiBedi»tdyaftcraI^ehasbeaipaidfertenewaL 
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Table  14.  PKESRNT  value  of  the  reversion  to  a  FEEE- 
riOLD  ESTA'UE,  or  a  PERPETUITY,  after  any  given  number  of 
years  not  exceeding  sixty. 


Ycare  Purchase  ;tt, 

After  Uiese 

Tears 

Ycarrt  Purchase  at 

3 

percent. 

4 

per  cent. 

5 

per  cent. 

Dcr  cent 

/ 

s  1 

O  1 

oer  cent. 

Q 

in 

32.4 

24. 

19. 

15.7 

1 

13.4 

11.6 

10.2 

9.1 

31.4 

2B.1 

18.1 

14.8 

2 

12.5 

10.7 

9.4 

8  3 

30.5 

17.3 

14. 

11.7 

9.9 

8.6 

7  5 

29.6 

21.4 

16.5 

13.2 

i 

10.9 

9.2 

7.9 

6.8 

28.8 

20.5 

15.7 

12.5 

5 

10.2 

8.5 

7.2 

6.2 

27.9 

11).  8 

14.9 

11.7 

6 

9.5 

7.9 

6.6 

5  6 

27.1 

19. 

14.2 

11.1 

7 

8,9 

7.3 

6.1 

5.1 

26.8 

18.8 

18.5 

10.6 

8 

8.3 

6.8 

6.6 

47 

25.5 

17.6 

12.9 

9.9 

9 

7.8 

(l.y 

5.1 

4.2 

24.8 

16.9 

12.3 

9.3 

10 

7.3 

5.8 

4.7 

3.9 

24.1 

16.2 

11.7 

8.8 

11 

C.y 

5.4 

4.3 

3.5 

23.4 

15.6 

11.1 

8.3 

12 

6.3 

6. 

4. 

3.2 

22.7 

16. 

10.6 

7.8 

13 

5.9 

4.6 

3.6 

2.9 

22 

1  \.i 

7.4 

14 

5.5 

4.3 

3.3 

2.6 

1  q 

7 

15 

o.l 

2.4 

20.8 

13.3 

9.2 

6^6 

16 

4.8 

3.6 

2.8  1 

2.2 

20.2 

12.8 

8.7 

6.2 

17 

4.5 

3.4 

2.6 

2. 

19.6 

12.3 

8.3 

5.8 

18 

4.2 

3.1 

2.4 

1.8 

19. 

11.9 

7.9 

5.6 

19 

3.9 

2.9 

2.2 

l.r, 

18.5 

11.4 

7.5 

5.2 

20 

3.7 

2.7 

2. 

1.5 

17.9 

11. 

7.2 

4.9 

21 

3.4 

2.5 

1.8 

1.4 

17.4 

10.5 

6.8 

4.6 

22 

8.2 

2.3 

1.7 

1.2 

16.9 

10.1 

6.5 

4.4 

23 

3.0 

2.1 

1.6 

1.1 

16.4 

9.8 

n.2 

4.1 

24 

2.8 

2. 

1.4 

1. 

15.9 

9.4 

5.9 

3.9 

25 

2.6 

1.8 

1.3 

.9 

15.5 

9. 

5.6 

3.7 

26 

2.5 

1.7 

1.2 

.8 

15, 

8.7 

0.4 

3.5 

27  ■ 

2.3 

1.6 

1.1 

.8 

14.6 

8.3 

5.1 

3.3 

28 

2.1 

1.4 

1. 

.7 

14.1 

8. 

4.9 

3.1 

29 

2. 

1.3 

.9 

.6 

ia.7 

7.7 

4.6 

2.9 

90 

1.9 

1.2 

.8 

.6 

Ev  -  ::rr  l.  The  pjpesent  worth  of  thu  Keveif-ion  to  a  Free)! old  Estate  after  26 yean, 
to  oiakQ  4  per  cent,  interost  is      years'  purchase  of  the  net  anaual  rent. 
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Table  14  contxnMed.  PRESENT  VALUE  of  the  REVEHSION  to 
a  iiiKiiHOLD  ESTATE,  or  a  PEKPETUiTY,  after  any  given 
nmnber  of  years  not  exceeding  sixty. 


7ea»  PtoTchMe  «t 

After  these 

Years  Purchase  at 

3 

4 

5 

6 

Yean. 

7 

8 

9 

10 

percent. 

percent. 

per  cent 

percent. 

percent. 

percent* 

per  cent* 

per  cent. 

7.4 

4.4 

2.7 

31 

1.8 

1.1 

.8 

.5 

I2.y 

7.1 

4.2 

2.G 

OA 

1.6 

1.1 

.7 

.5 

12.6 

6.8 

4. 

2.4 

oo 
oo 

1.5 

1. 

.6 

.4 

12.2 

6.6 

3.8 

2.3 

1.4 

.9 

.6 

.4 

11.8 

6.3 

3.6 

2.2 

OR 

1.3 

.8 

.5 

.4 

a.5 

6.1 

3.5 

2. 

1.2 

.8 

.5 

.3 

11.2 

5.9 

8.3 

1.9 

37 

1.2 

.7 

,5 

.8 

10.8 

5.6 

3.1 

1.8 

OO 

1.1 

.7 

.4 

.3 

10.5 

6.4 

3. 

1.7 

oJ 

1. 

.6 

.4 

.3 

10.2 

5.2 

2.8 

1.6 

ATk 
W 

1. 

.6 

.4 

.2 

a.9 

5. 

2.7 

1,5 

AI 

.9 

•5 

.8 

.2 

9.6 

4.8 

2.6 

1.4 

.8 

.5 

.3 

.2 

9.4 

4.6 

2.6 

1.4 

'to 

.8 

.5 

.3 

.2 

9.1 

4.5 

2.3 

i.a 

AJ. 

.7 

.4 

.3 

.2 

as 

4.3 

.7 

.4 

.1 

ft  A 

A  1 

X.JL 

46 

/» 

.0 

.4 

.a 

.1 

8.3 

4. 

1.1 

47 

.6 

.3 

.2 

.1 

ai 

a.8 

1.9 

1. 

48 

.6 

.3 

.2 

.1 

7.8 

8,7 

1.8 

1. 

49 

.5 

.8 

.2 

.1 

7.6 

3.5 

1.7 

.9 

50 

.5 

.3 

.1 

.1 

7.4 

3.4 

1.7 

.9 

51 

.5 

J2 

.1 

.1 

7,2 

8.3 

16 

^ 

52 

.4 

.2 

.1 

.1 

7. 

8.1 

1.5 

.8 

58 

.4 

.2 

.1  j 

.1 

6.8 

3. 

1.4 

.7 

64 

.4 

,2 

•1 

.1 

6.6 

2.9 

1.4 

.7 

55 

.3 

Si 

.1  ' 

.1 

6.4 

2.8 

1.8 

.6 

56 

.3 

.2 

.1 

.0 

6^ 

2.7 

IJ 

.6 

67 

.3  < 

.2 

.1 

.0 

6, 

2.6 

1.2 

.6 

58 

.8 

.1 

.1 

.0 

5.8 

2.6 

1.1 

.5 

59 

.3 

.1 

.1 

.0 

5.7 

2.4 

1.1 

.5 

60 

.2 

.1 

.1 

ExAMna.  The  present  worth  of  the  Berenion  to  a  Freehold  Estate  afker  <S0 
years,  to  make  4  per  eent  btereat,  is  2.4  years'  purchase  of  the  net  amnul  rent. 
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Table  15.  present  value  of  a  reversionary  estate 

in  FEE  after  the  Life  of  a  person  of  a  given  age,  at  the  Beveral  rates 
of  3,  4,  5, 6,  7,  and  8  per  cent  Interest 


Yean  Purchase  at 

Age  in 
Possession. 

Yean  Purchase  at 

3 

por  cent. 

4 

per  cent. 

5 

per  cent. 

6 

per  cent. 

7 

per  cent. 

8 

per  cent. 

12.9 

7.8 

5.2 

5 

o.  i 

2.8 

2.2 

12.7 

7.5 

4.9 

10 

3.4 

2.5 

1.9 

v., .7 

8.2 

5.4 

15 

3.8 

2.8 

2.2 

14.7 

9. 

6. 

20 

4.3 

3.2 

2.5 

15.5 

9.6 

6.4 

25 

4.6 

3.4 

2.7 

16.4 

10.2 

6.9 

30 

5. 

3.7 

2.9 

17.4 

11. 

7.5 

35 

5.4 

4.1 

3.2 

18.5 

11.8 

8.2 

40 

6. 

4.5 

3.6 

12.7 

8.9 

45 

6.6 

5. 

4. 

20.9 

18,7 

9.7 

50 

1  7.2 

5.6 

4.5 

22.2 

14.8 

10.6 

55 

8, 

e;.2 

5. 

23.6 

16. 

11.6 

60 

8.8 

7. 

5.6 

25. 

17.2 

12.7 

65 

9.8 

7.8 

6.4 

26.6 

18.6 

14. 

70 

11. 

8.9  • 

7.3 

-0. 

15.3 

75 

12.1 

it.  9 

8.3 

29.6 

21.4 

16.5 

80 

13.3 

11. 

9.3 

3U.7 

22.5 

17.5 

85 

14.3 

n.o 

10.2 

31.5 

23.2 

18.3 

90 

lo. 

12.G 

10.9 

33.1 

24.8 

19.8 

96 

16.4 

14. 

12.3 

ExAMTLR.  The  present  value  of  a  Freehold  Reversionary  Estate  or  of  an  Ad- 
vowson  subject  to  the  life  oi  a  person  aged  60,  at  4  per  cent.,  is  IG  years'  pilTcluwe. 
At  6  per  cent.,  it  is  worth  11.6  yeaxs'  purchase. 
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Table  16.  showing  the  PRESENT  VALUE  of  a  REVERSIONARY 
ESTATE  in  FEE  after  the  longest  of  Two  Livo^^  r,f  given  ages  at 
the  aereral  rates  of  3, 4,  6,  md  6  per  cent.  Interest. 


Tean  Parehaae  at 

Tears  Purchaiieat 

3 

4 

Agee. 

6 

6 

per  cent. 

per  oeot. 

per  oent. 

per  cent* 

ft  A 

L9. 

10  — 

10 

9.  A 

1.4 

Q  9 

10  — 

20 

D  u 
Z.o 

1-7 

0.0 

10  — 

30 

O.l 

1.9 

iU.O 

Q. 

10  — 

40 

Q  ft: 

0.0 

Z.2 

11  <l 

Q.O 

10  — 

50 

9.9 

HQ 
ii.o 

£  S 

10  — 

60 

o  o 

T  1 
f  .i 

10  — 

70 

'x.O 

0.1 

1(1  _ 

80 

4.  i 

o  o 

9,9 

20  — 

20 

A 

Si. 

it. 

a  1 

20  — 

30 

o.o 

2.0 

11. i7 

D.< 

20  — 

40 

A.  1 

2.7 

l^.O 

<.o 

20  — 

60 

A  f 

».o 

o 

•7  Q 

20  — 

60 

O.l 

0.4 

1J.  1 

Q  A. 

20  — 

70 

14. 

20  — 

80 

ft  Q 
Q.O 

A  1 

4.1 

A  ft 

30  — 

ao 

A  t 

8.7 

13.1 

7.5 

30  — 

40 

4.7 

8.1 

14.1 

8.3 

30  — 

60 

5.S 

3.5 

9. 

30  — 

60 

5.9 

4. 

15.7 

9.6 

'Vi 

6.3 

4.4 

16.2 

10. 

30  — 

80 

6.7 

4.8 

14.4 

8.4 

40  — 

40 

5.3 

36 

16.6 

9.4 

40  — 

50 

6.1 

4.1 

16.7 

10.3 

40  — 

60 

6.8 

4.7 

17.6 

11. 

40  — 

70 

7.4 

5.8 

18.2 

11.5 

40  — 

80 

7.9  . 

5.7 

17.2 

10.6 

60  — 

60 

7. 

4.9 

lae 

11.7 

50  — 

60 

7.9 

5.6 

19.7 

12.7 

50  — 

70 

8.8 

6.4 

20.5 

13.3 

50  — 

80 

9.4 

n/i 

20.4 

13.1 

60  — 

60 

9.1 

6.6 

22. 

14.5 

60  — 

70 

10-3 

7.6 

23. 

15.4 

60  — 

80 

11.1 

8.4 

84.1 

ia4 

70  — 

70 

11.9 

9. 

Example.    A  Reversionary  Freekokl  Estate,  after  tlie  longest  of  two  lives  fliged 
30  and  50»  at  3  per  cent,  is  worth  U.l  yeuxb'  piurehase. 
At  4  per  cent.,  it  is  -worth  8.8  years*  ptirchasa. 
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Table  17.    PRRSENT  value  of  a  iiEVERStONARY  ESTATE 

or  ANNUITY  on  a  single  Life,  after  any  other  single  Life  now  in 
PosseBsion,  at  the  several  rates  of  3,  4,  o,  and  6  per  cent.  Interest. 


Years  Purcliiise  at 

Age  of 

Age  of 

Years  Pui chase  at 

o 
u 

A 

Lifem 

Life  in 

0 

0 

Xtevemon. 

Possession. 

per  ccut. 

per  cent. 

65 

4d 

30 

7.11 

6. 

40 

4  7 

3  7 

9  6 

7.4 

10 

60 

H  ^ 

47 

11.7 

9.2 

60 

74 

6 

14  3 

11.5 

70 

9  4 

7  9 

17 

14. 

80 

11  7 

10 

54 

4.2 

SO 

2.7 

6.5 

6.1 

40 

41 

S  3 

8.1 
10 

6.4 

8. 

20  • 

60 

60 

61 

6  5 

5  4 

12.5 

10.2 

70 

8  5 

7  1 

1  ■  J. 

15.1 

12.6 

80 

10  7 

*w«  « 

43 

3.6 

30 

28 

2.3 

5.4 

4.3 

40 

3  5 

2  9 

6.8 

5.5 

80  - 

50 

46 

3  7 

CP*  f 

8.0 

7. 

60 

68 

4.8 

10.9 

9.1 

70 

7.6 

6.6 

13.4 

11,4 

80 

98 

8.5 

3.3 

2.7 

30 

2.3 

1.9 

4.1 

3.4 

40 

2.8 

2.4 

5.3 

4.4 

40  - 

60 

8.7 

3.1 

6.8 

6.7 

4.8 

4.1 

9.0 

7.6 

70 

6.6 

5.7 

n.4 

9.9 

80 

8.6 

T.r. 

2.3 

1.9 

» 

30 

1.7 

1.5 

2.8 

2.4 

40 

2.1 

1.8 

8.7 

3.2 

60  . 

60 

2.7 

2.4 

5. 

4.3 

60 

3.7 

3.2 

6.9 

6. 

70 

6.2 

4.6 

9.1 

8. 

80 

7.1 

6.4 

1.4 

1.2 

30 

1.1 

1.0 

1.8 

1.5 

40 

1.4 

1.2 

2.3 

2.0 

60  . 

50 

1.8 

1.6 

2.8 

60 

2.6 

2.2 

4.6 

4.1 

70 

3-7 

8.8 

6.6 

6.9 

80 

6.4 

4.9 

EscAKFLE  A  BeTersionary  Estate  on  a  single  life  aged  30,  after  a  single  life  in 
possession  a- .1  0,  atSpor  cent.,  is  worth  in  present  money,  8.5  yeaxs'  pnrclMseof 
the  net  Annual  Income. 
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Table  18.  present  value  oi  a  reversionary  an- 
nuity on  a  Single  Life,  to  be  nominated  at  the  death  of  a  person 
now  in  PoBBeasion,  at  the  several  rates  of  3,  4,  5,  and  6  per  cent. 
Interest 


Tenn  IMm-haae  nt 

A^es  of 
Li&ln 
Revernon. 

Ag(iS  of 

XjUU  all 

F^OflMMiOIl* 

Years  Purchase  at 

3 

per  cent* 

4 

per  cent* 

5 

per  eent. 

6 

per  oent. 

8.8 

6.3 

30 

4.7 

3.6 

7.3 

40 

5.5 

4.3 

11.2 

8.6 

60 

6.6 

5.8 

12.6 

9.9 

25  ■ 

60 

7.9 

6.4 

14.2 

11.5 

70 

9.5 

par 

7.9 

15.8 

13.2 

80 

11.2 

9.6 

8.3 

6. 

• 

30 

4.5 

3.6 

9.4 

7. 

40 

5.3 

4.2 

10.6 

8.1 

30  ■ 

50 

6.4 

5.1 

12. 

9.4 

60 

7.6 

6.2 

13,5 

11. 

70 

9.1 

7.7 

15. 

12.6 

80 

10,8 

9.3 

7.8 

0.7 

30 

43 

A  A 

3.4 

6.8 

6.6 

40 

5.1 

4. 

10. 

7.7 

36  ■ 

50 

6.1 

4.9 

11.3 

9. 

60 

7.3 

6. 

12.8 

10.0 

70 

8.7 

7.4 

14.1 

12. 

80 

10.3 

8.9 

7.3 

30 

4.1 

A  A 

3.2 

8.2 

6.2 

40 

4.8 

3,8 

9.3 

7.3 

40  - 

50 

5.8 

4.7 

10.5 

8.4 

€0 

6.9 

5.7 

n.8 

9.8 

70 

8.3 

7. 

13.2 

11.3 

80 

9,8 

8.5 

6.7 

0. 

30 

3,8 

3. 

7.6 

5.8 

40 

4,5 

3.6 

8*6 

6.7 

60 

5.4 

9.7 

7.8 

45  • 

60 

6.4 

5,4 

10.9 

9.2 

70 

7.8 

6.6 

12.1 

10.5 

80 

9.2 

8.1 

6.1 

46 

• 

30 

3.6 

2.8 

B.9 

5.3 

40 

4.2 

3,4 

7.8 

6.2 

50  ■ 

60 

5. 

4.1 

8.8 

7.2 

60 

6. 

5. 

9.9 

8.4 

70 

7.2 

6.2 

11. 

9.6 

80 

8.5 

1£ 

ExAimM.  The  present  value  of  a  Reversionary  Anirai^  od  a  Single  life  aged 

SO,  to  he  nominated  at  the  death  of  a  {icrsoii,  now  ui  posseswion  aged  50,  to  pay  3 
per  ccut.,  is  wor^i  in  prea^it  money.  10.6  years'  purchase  of  the  net  aimiial  income. 
At  4  p«r  eent.  it  would  be  8.1  years'  parckase. 
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Mortality. 

.286 
.313 
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.810 
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.898 
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Mortality. 
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MEMORANDA 

As  Facts  to  assist  the  Memory  in  matters  of  CcUculations  and 

VizhuUims*, 


In  respect  to  the  value  of  freehold  land,  it  is 
generally  considered  30  to  33  jears*  purchase 
Freehold  gronnd-rent,  25  to  30  years'  purchase  . 
Freehold  houses  and  buildings^  1st  and  2nd  class, 

18  to  20  years*  purchase 
Ditto,  3rd  and  4th  ditto,  16  years*  purchase 
For  leasehold  property  refer  to  the  Table  for  the 
term  of  years  unexpired  for  long  terms,  Ist  and 
2nd  class  houses  and  buildings,  15  to  16  years' 
purchase  ..... 
For  do.  2nd  and  3rd  do.  14  to  15  years*  purchase 
For  do.  3rd  and  4th  do.  12  to  13  years'  purchase 
For  do.  4th  and  5th  do.  11  to  12  years*  purchase 
For  do.  5th  and  6th  do.  10  years*  purchase 


3  per  cent. 

4  per  cent. 

5  per  cent. 

6  per  cent 


6  per  cent. 

7  per  cent. 

8  per  cent. 

9  per  cent. 
10  per  cent. 


Renewing  Leases  held  under  Deans  and  Cheaters, 

The  Dean  and  Chapter  of  Westminster  renew  their  leases, 
originally  granted  for  Forty  Years,  under  the  8  per  cent 
Tables;  the  renewing  fine  of  one  year's  rent  payable  by  the  tenant 
every  fourteen  years except  for  very  superior  houses  at  the 
West-end  of  the  town,  w  hi  ell  are  renewed  under  the  7  per  cent. 
Tables.  The  renewing  fine  of  1^  yearo  being  payable  by  the 
temint  every  fourteen  years. 

The  Bishop  of  Winchester's  Estates, 

t|  Years  renewing  fine  for  14  years  lapsed  in  a  lease  originally 
granted  for  40  years,  7  per  cent  Tables  if  next  the  river;  or,  IJ 
yearns  fine  in  land  8  per  cent 


•  Chieay  extracted  from  the       Edition  of  /ntw«r»  TViMm. 


VAUJATION  OF  ESTATES. 


617 


of  London  Leatet,  Scale  of  Ground  Sent$. 


Renewing  fine,  7  years*  ground  rent  every  14  years,  for  a  term 


Leasee  to  insure,  repair,  &o. 

I\arehate  of  Good  WiU  in  Retail  Trade,  ^ 

If  retail  trade  is  earned  on,  giving  credit,  say  ,  1  year's  purchase. 

Ditto,  aa  a  ready  money  concern,  say,  1^  year's  purchase. 

Ditto,  trade  subject  to  be  annihilated,  as  public  houses,  say  2  to 
3  years'  purdiase. 

Calculating  rent  for  fixtures,  say  12^  per  cent.,  or  ^,  being  2<.  6<f. 
in  the  pound. 


To  be  made  under  the  L^d  Tax  Act  at  the  price  of  the  3  per 
cent,  consols,  and  to  which  add  one-tenth  to  the  amount,  the 
income  tax  being  now  taken  oSL 

Memorandum  rekUive  to  the  Vahuction  of  Land, 


of  41  or  61  years. 


Allowance  to  Tenants  for  Repairs, 

8  per  oent.  allow  for  amount  ot  repairs  fin*  21  years. 

7  do.   31  do. 

Or,  generally,  eay,  allow — 

12  per  cent   for  12  yeard. 

10  do.   15do.  . 

9  do.   18  do. 

8  do.   23  do. 

7  do.   33  do. 

6  do   above  do. 


Purchase  of  Land  Tax. 


43.560  feet  superficial,  an  acre,  at- 


^  per  foot 


.   45  7   6  per  acre. 


ido. 

Ida 
1  do. 
lido. 
Hdo. 


.  90  15  0  do. 

.  136   2  0  do. 

.  181  10  0  do. 

.  ?26  17  6  do. 

.  272   5  0  do^ 


2Q 


618 


VALUATION  OF  ESTATES. 


Crown  Landt, 

The  mode  adopted  in  respect  to  the  valuation  for  renewal  of  the 
orown  leases, — allowance  for  repairs  as  imder — 

Houses  £25  per  annum,  and  under,  .    10  per  cent. 
£25  to  £50  .       .       .       .     6  per  cent. 
£50  to  £100        ...      7  per  cent. 
£100  and  upwards       .       .     5  per  cent. 
The  rack  rent  not  an  overetrained  rent  on  account  of  crown 
property,  and  to  encourage  impiOTeinents,  m.,  OaktUation, 

Back  rent  jE63  per  annum. 

Deductions  £  *.  d, 

Present  repair,  £200  •  14  0  0 
Ordinary  repairs^  .330 
Land  tax  .  .  .330 
Insurance,  £700  .  1  4  0 
Outgoings  •      .  .480 


25  18  0 

£37   2  0 

Say,  £40  per  annum  clear  rent. 
Or,  in  anodier  case. 

Back  rent  £l50  per  annum. 

Deductions  £  s,  d. 

Present  repairs,  £850   17  10  0 
Ordinary  repairs       .   7  10  0  . 
Land  tax   .      .      .   5  12  0 
Insurance^  £1500      .   3    7  6 

7  10  0 


41    d  6 
  42 

£108 


Crown  leases,  their  custom  under  act  of  parliament,  is  to  renew 
leases  when  within  20  years  of  being  expired,  not  earlier,  a  new 
rent  is  then  assessed  taking  ^  fine,  and  -|  rent,  in  order  to  secure 
more  effectually  the  rent  so  reserved. 


Jnereate  <ff  Populaii/im* 

the  century — 
Increase  in  England  and  Wales 


First  10  years  of  the  century — 1800  to  ^810>  j^jj^^  ^j^^ 


1810  to  1820  17^  per  cent. 
1820  to  1830    15^  per  cent. 
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IncieaBe  in  popnlatum  in  England  and  Wales,)  q  „*ii* 

1801 J  * 
1810    10  millions. 
1821    12  millions. 

Population  of  London  .....    1^  millious. 
Pitto,  including  environs       .        .       .        ♦    1^  millions. 
Out  of  1000  persons  there  die  annually  about  30 ;  and  that 
the  number  of  inhabitants  of  everj  city  and  couutj  is  renewed 
every  thirty  years,  or  nearly  so. 

Calculations  have  been  made  tending  to  show  that  the  propor- 
tion of  mortality  is  diminishing ;  whieh  fact  is  confirmed  by  the 
returns  in  several  great  cities,  proving  iacontestably  the  material 
amelioration  whidi  lias  taJcen  place  in  great  cities. 

Mortality. 

100  years  rince^  1  died  in  30. 

50  do.       „     1    „   in  40, 
30  do.       „     1    „  in  48. 
20  do.       „     1    „  in  52. 
Present  time^   1   „  in  60. 


Far  Survey  and  VahtoHotu 

Made  in  respect  to  the  extensive  improvements  which  have 
taken  place  in  London^ — Regent-street, — Strand^the  Commis- 
sioners of  Improvements  of  Westminster, — the  City  and  New 

London  Bridge, — St.  Katharine's  Docks,  and  other  improvements 
—the  charges  have  been  at  the  rate  of  \  per  cent.,  and  3  guineas 
for  each  surveyor  attending  to  give  evidence  before  a  judge  and 
jury. — It  is  usual  to  charge  I  per  c^t.  for  the  iirst  thousand 
pounds^and  the  remainder  v.  j)er  cent. 

Hot  Majesty's  Commissioners  for  Buildincr  Churches,  for  tra- 
velling expenses,  allow  Is.  Qd,  per  mile  out,  an(i  the  same  back, 
but  no  expense ;  and  tour  journeys,  not  more*  allowed  to  each 
church. 
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Bule  for  detemmtin^  Oe  Vahte  of  a  Beneficial  Lease  for  Years,  so 
that  the  Purchaser  may  be  able  to  make  a  given  Interest  on  the 
Price  paid,  and  replace  kis  Capital  at  the  expiration  of  the  Lease, 

In  every  qnestion  of  this  kind,  it  is  evident  that  two  circumstances 
may  vary  considerably :  first,  the  interest  which  a  purchaser  may 
be  considered  euiiiled  to  make  of  his  money,  wliich  in  some  de- 
scriptions of  leasehold  property,  would  be  as  low  as  5,  and  in  others 
as  high  as  8  or  9  per  cent. ;  and,  secondly,  the  rate  of  compound 
interest  at  which  he  may  reckon  with  certainty  upon  employing 
the  money  annually  laid  by  to  replace  his  capital  at  the  ex[)iration 
of  his  left.se,  and  which  may  be  considered  to  range  at  about  S  or 
4  per  cent.  Any  formula,  therefore,  to  be  useful,  must  reijuire 
the  following  data 

1.  The  amount  of  the  clear  improved  rent. 

2.  The  rate  of  interest  required  on  the  purchase-money. 

3.  The  rate  of  compouiid  interest  at  which  the  money  annually 
laid  by  to  replace  capital  may  be  expected  to  be  employed. 

4.  The  length  of  the  lease. 

N.B.  The  two  last  data  being  given,  tables  of  compound  interest 
will  give  the  amount  of  £1  per  annum  at  the  given  rate  of  com- 
pound interest  for  the  given  number  of  years. 

Now  let 

a  =  amount  of  dear  improved  rent ; 

r amount  of  £\  per  annum  at  n  per  cent,  com- 
pound interest  for  r  years  (jt  standing  for  tiie 
b  =1  rate  of  interest  at  which  money  may  be  expected 
to  be  employed;  r  standing  for  ^e  number  of 
years  in  the  lease); 

(rate  of  interest  per  cent,  reqidred  on  purchase- 
money  ; 

X  B  amount  of  purchase  money ;  )  ^  ^  . 

sum  to  be  annually  laid  by  at  ft  per  cent,  com-l  |J  j 
pound  interest,  to  replace  capital  at  expiration  of  /"I  if 
lease. 


^  ^  t 

Ill 


Then,  from  this  statement,  we  shall  have — 


[for  the  amount  of  £1  per  annum  for  the  number  of  years 
lof  tbo  lease  at  ihe  given  rate  of  compound  interest  fntt&^- 
by=  ^\pi^  \gy  the  number  of  pounds  annually  laid  by,  must 
I  equal  the  purchase-money ; 
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^       ~  interest  on  purehaae-inoney^ 

since  the  annual  interest  on  any  sum  —  that  sura 
c  X         — a\  niultipHed  by  the  rate  of  interest,  and  divided  by 
100      ^       \  TOO;  and  the  annual  interest  on  the  purchase- 
money  added  to  the  sum  annually  laid  by  to  replace 
capital,  must  =  clear  improved  rent. 


J? 

From  the  first  of  these  equations^  y,  =  j->  wliieh>  substitated  in 


the  second,  gives 


100  4 

100  <2  b 


100+ 
X      100  a 


d  ~100  +  *c 

From  the  foregoing  formula,  it  follows  that  the  value  of  any 
beneficial  lease  s  the  product  of  100  multiplied  into  the  amount 
of  clear  improved  rent,  multiplied  again  into  the  amount  of  £1 
per  annum  for  whatever  number  of  years  the  lease  may  be,  at  the 
given  rate  of  compound  interest ;  the  product  of  this  continued 
multiplication  beiog  divided  by  100,  added  to  the  product  of  the 
rate  per  cent,  of  interest  required  on  purchase-money,  multiplied 
by  the  aforesaid  amount  of  £1  per  annum,  &Cy  &c  Therefore,  if 
a  =£500 

b  =  28*6765  -f  ^'^PP*'®^'^  a  =  3  per  cent.,  rate  of  comp.  interest; 

I       „     r  =  21  years,  length  of  lease ; 
c  =  7,  rate  per  cent,  of  interest  required  on  purchase^money  ; 

we  shall  have 

100^00  X  28>6765^^yg^ 
100+  7  x  28-6765  ^' 

 =  «166    6  7i; 

^      100  +  7  X  28-6765  *' 

and  £500-166  6  7i=£333  13  4|,  which  is  the  yearly 
interest  at  7  per  cent,  on  £4769  15  9|^,  the  amount  of  the 
purchase-money;  and  £166  6  7}  annually  laid  by  for  21 
years,  at  3-  per  cent,  compound  interest,  will  amount  to 
£4769  15  9|;  thereby  replacing  the  principal  at  the  end  of 
the  lease. 

Where  the  question  is  as  to  the  proper  sum  to  be  nrlyen  for 
renewing  any  number  of  years  lapsed  in  a  leasf^,  it  is  dear  flmt 
the  party  wishing  to  renew  gives  up  whatever  may  be  the  number 
of  years  remaining  in  his  old  lease,  together  with  a  certain  sum 
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of  money  m  oondderatum  of  receiving  a  new  lease  for  the  lame 
agreed  upon ;  and  the  vaLae  of  the  remainder  of  the  old  lease 
mnat  be  therefore  deducted  from  the  Talne  of  the  new  lease ;  and 
the  remainder  will  be  the  proper  sum  to  be  given  for  the  renewal. 
Thus,  supposing  it  is  wished  to  renew  14  years  kpsed  in  a  21 
years'  lease,  here  the  value  of  the  remaining  part  of  the  lease  = 
value  of  a  lease  for  7  years,  and  snpponng,  as  before,  that 
a  s  £500; 

If  —  7*6625  -f =  3  per  cent,  of  compound  interest ; 

~  \r     „  SB  7  years,  length  of  lease; 

c  =  7 

^^l^^oOj^JMm  ^  ^24jj3  j3  which  is  the 

TOO  +  7  X  7-6625  xvy, 
value  of  the  remaininjj  7  vears  of  the  old  lease. 

Now,  the  value  of  anew  of  21  years,  we  shali  find  thus : — 
a  =£600; 

b  —  28*6765  I "         ^  ^  P^^'        compound  interest; 
,  \r    „    8=  21  years. 

c  =  7 

100  X  500  X  28-6765 


X  = 


£4769  15   9i:   from  which,  if 

100  +  7  X  28  6765  ^« '  * 

we  deduct  value  of  reniaiiiiug  >  g^^^ 

7  years  of  old  lease   ,     ,      {  ^* 

we  shall  have  £2276     1  lOf  as  the  proper  sum 

to  be  paid  fur  tiie  renewal  of  the  14  years  lapsed. 

fFhat  Amount  of  Increased  Rent  ^uM  be  gmm  imtead  of  Premium 
for  the  Renmoat  of  any  Number  of  Yemn  kqwd  m  a  Ben^ieial 
lease  for  Years  f 

The  same  data  will  snffice  for  solving  this  question  winch  were 
required  for  determining  the  amount  of  premium  to  be  paid  ibr  a 
renewal*  In  Ihe  first  place^  the  value  of  the  tenant's  remaining 
interest  in  the  old  lease  mast  be  calculated  by  the  first  formula; 
and  this  value  must  be  considered  as  the  premium  he  pays  for 
renewal ;  and  the  inoteased  rent  to  be  paid  by  him  must  ^erefore 
be  such  a  sum  as,  if  deducted  from  the  amount  of  the  dear  annual 
improved  rent,  will  leave  a  suffiment  remainder  to  afibrd  the 
tenant  the  given  rate  of  interest  upon  the  value  of  his  remainder 
of  lease,  considered  as  capital,  and  also  enable  him  to  lay  by  a 
certain  sum  annually,  which,  at  the  given  rate  of  compound 
interest,  will  replace  this  capital  at  the  expiration  of  the  new 
lease. 
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Suppodng 
a  sz  clear  impioved  rent ; 

I amount  of  £1  per  annum  for  r  jears  at  n  rate  of  com- 
pound interest,  where  r  =  number  of  years  of  new 
lease,  n  s  rate  of  compound  interest  at  which  money 
can  be  safely  employed ; 
c  s  rate  per  cent,  required  on  capital; 
d  =  value  of  present  interest  in  old  lease ; 
X  =  increased  annual  rent  to  be  paid  instead  of  premium ; 

{sum  to  be  annually  lud  by  to  replace  capital,  {m. 
Value  of  the  remainder  of  old  lease)  at  the  expiration 
of  new  lease ; 
then  will 
hy  =  d 

x  =  a  —  (7^~y  {  —  being  the  interest  at  the  ^ven  rate  upon 

UOO^j^e  capital  sum. 

^     ed  d 
100  ft 

From  this  formula  it  follows,  that  the  proper  increase  of  rent 
to  be  paid  instead  of  a  premium,  for  the  renewal  of  any  number 
of  years  lapsed  in  a  beneficial  lease  » the  amount  of  the  dear 
improved  rent,  after  deducting  the  quotient  of  the  value  of  re- 
mainder of  old  lease,  multiplied  by  the  rate  per  cent  required  on 
capital,  and  divided  by  100 ;  further  deducting,  also,  the  quotient 
of  the  value  of  remainder  of  old  lease,  divided  by  the  amount  of 
£1  per  annum  for  the  number  of  years  in  the  new  lease,  at  the 
given  rate  of  compound  interest ;  if 
a  =  £500  amount  of  clear  improved  rent ; 

f  n  b^ng  =  3  per  cent.,  rate  of  comp.  interest 
b  =  28-6765 1  J.  years  -  length  of  new  lease 

c  s  7  —  rate  per  cent,  required  on  capital; 

/•This  is  on  the  supposition  that  7  years 
d  =  £2493  13  lOK  remain  unexpired  of  the  old  lease ;  the 

(.  value  being  found  by  the  first  formula. 
_  7  X  2493  13  101  2493  13  10^ 

*  -  28-6765 
ar«£500-  174  U  l|-86  19  8  =£500-261   10  9i ; 
X     238  9  2^;  which  is  the  proper  amount  of  increased  rent 
to  be  paid  instead  of  premium,  for  the  renewal  of  14  years  Inpsod 
in  a  lease  of  whicli  7  years  remain  unexpired,  of  a  property,  the  clear 
improved  rent  of  which  is  £500  a-year. 
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There  is  only  one  more  way  in  wliich  renewak  may  be  pur- 
chased, and  that  is,  by  paying  for  them  partly  by  premium,  and 
partly  by  increased  rent;  and  the  foregoing  formula  will  Bolve 
any  question  of  this  kind.  The  amoimt,  howerer,  of  one  of  these 
two  quantities  (t.«.  the  amount  of  the  preminmy  or  of  the  increased 
rent  expected^)  must  of  course  be  g^yea,  as  th^  oTidentlj  vary  in- 
versely to  each  other.  If  the  amount  of  premium  expected  be 
given^  that  amount  must  be  added  to  the  value  of  remaining  part 
of  old  lease ;  and  the  hut  formula  will  find  the  additional  rent  to 
be  paid. 

£x.  gr.y  if,  in  the  last  case,  a  premium  of  £500  had  been  de- 
manded, then — 
a  =  £500  clear  annual  rent; 
h  =  28*6766,  amount  of  £1,  &c.: 
c  «  7,  rate  per  cent,  required  on  capital ; 

<;=£249d  13  lOi  +  £500  (amount  of  prcra.)  =  2993  13  lOj; 
.^fg/>Q    7  X  2993  13  lOii  _  2993  IH  lOj. 

100  28-6765  ' 

X  =  £500  -  209  + 11  1^  —  104   7  lOi  »  £500  -  313  19  0  s 
£186  1  0. 

if  £500  premiuHi  is  demanded  for  a  renewal  of  14  years  in  a 
lease,  of  which  7  years  remain  unexpired,  of  a  property,  the  clear 
aumial  rent  of  which  is  £500,  the  amount  of  increased  rent  to  be 
paid  for  such  renewal  (in  addition  to  such  premium  of  £500«)  u 
£186  1  0  annually. 

If  the  amount  of  increased  rent  expected  is  given,  such  amount 
must,  of  course,  be  deducted  from  the  amount  of  the  dear  im- 
proved rent,  and  the  premium  to  be  paid  for  the  renewal  may  be 
calculated  by  the  formula  before  ^ven  for  that  purpose ;  the  dear 
improved  rent  being  stated  at  its  reduced  amount. 
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CHAPTER  XVIIL 

VALUATIONS  OF  TILLAGES  AND  TENANT 

EKiiiT. 

This  branch  of  practice  attains  its  greatest  importance  iu  Surrey 
and  parts  of  the  adjacent  counties,  by  reason  of  tlie  number  of 
items  which  the  "  custom  of  the  country "  (as  it  is  teehnically 
termed,)  in  that  neighbourhood,  renders  subject  to  the  dealings  of 
the  valtiator  at  a  change  of  occupancy. 

The  following  is  a  list  of  the  irarions  customs  prevailing  in  the 
several  counties  of  England^  so  far  as  I  am  acquainted  with  them, 
or  they  have  in  any  way  come  under  my  observation. 

Bedfordshire, — In  this  county  an  outgoing  tenant  generally  has 
the  option  of  sowing  the  wheat  crop,  if  it  be  a  Michaelmas  holding, 
or  of  aUowing  the  incoming  tenant  to  enter  upon  the  land  suffi- 
dently  early  to  do  it  himself.  And  the  same  with  respect  to 
the  spring  com,  if  the  entry  be  at  Lady-day.  But  in  either  case, 
the  com  must  be  sown  by  Michaelmas  or  Lady-day,  as  may  be. 
The  valuation  then  takes  place  upon  the  labomr,  seed,  and  sowing. 
If  the  outgoing  tenant  exercises  this  option  of  sowing  the  com 
against  the  wishes  of  an  incoming  tenant,  the  latter  may  exexdise 
an  option  as  to  taJcing  the  crop^ 

The  dung  upon  the  premises  at  the  expiration  of  the  tenancy  has 
to  be  left  for  the  use  of  the  incoming  tenant  without  forming  any 
item  in  the  valuation. 

Seed,  sowing,  and  labour  upon  the  grass  seeds  are  valued,  and 
labour  upon  the  Mows,  as  well  as  the  labour  upon  the  lands  pre- 
pared for  spring  com  not  sown  by  an  outgoing  tenant  at  a  Lady* 
day  entry. 

Berkshire. — The  incoming  tenant  generally  enters  upon  the  land 
at  Lady-day,  to  make  his  fallows  and  prepare  thr  wheat  lands  for 
the  ensuing  crop.  He  pays  for  hay  at  a  fodder  |)rice,  and  for  seed, 
labour,  and  sowlnfr  of  cfrass  seeds,  but  not  for  rent  and  taxes  on  the 
fiJlows,  which  are  ail  paid  in  full  by  the  outgoing  tenant  to  the  end 
of  his  term. 

Buckinghamshire. — The  incoming  tenant  pays  for  labour,  seed, 

and  sowlncr,  but  not  for  dung. 

Cambndijemire,—  The  incoming  tenant  pays  for  all  Jiind  of 
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labour^  seed,  and  sowing,  but  not  for  dung.  He  also  takes  to 
straw  and  chaff  at  a  fodder  price.  There  is  however  a  custom  by 
which  the  mooming  tenant  thrashes  and  draws  to  market  the  com 
of  the  last  year's  growth,  receiving  in  return  the  straw  and  chaff 
as  remuneration. 

Cheshire. — The  incoming  tenant  pays  for  seed,  labour,  and  sow- 
ing, but  not  for  dung. 

Cormvall — The  incoming  tenant  pays  rent  and  taxes  for  the 
fallow  land.  a«i  in  Surrey,  but  generally  has  the  option  of  pre-entry. 
The  dung  upon  thf  premises  is  not  paid  for. 

Cumberland. — The  incoming  tenant  at  Candlemas-day  pays  for 
seed,  Bowing,  and  labour  of  every  description,  as  well  as  a  propor- 
tionate sum  of  the  year's  rent  and  rates  on  the  fallows. 

Derhy shire. — The  incoming  tenant  to  a  farm  in  tbis  county  pays 
for  very  much  the  same  tillages  as  in  Surrey ;  viz.,  for  full  fallows 
and  full  dressings,  the  value  of  the  labour  and  manure  expended 
for  seed  aaid  sowing,  and  a  year's  rent  and  rates. 

For  half  fiiUows  and  half  dressings  on  those  lands  from  which 
only  one  crop  has  been  taken  subsequently  to  the  fallow,  at  the 
yalue  of  half  the  labour  on  such  fellows,  half  the  value  of  the 
manure,  and  a  half-year's  rent  and  rates.  But  with  reference  to 
seeds  that  may  have  been  sown  on  the  half  fidlow  and  failed,  the 
custom  of  Berbyshire  differs  from  that  of  Surrey,  inasmVich  as  the 
outgoing  and  incoming  tenant  are  made  to  share  the  loss  in  equi^ 
moieties.  Where  the  seeds  do  not  &il,  seed  and  sowing  is  valued 
in  fulL   Hay  and  straw  is  taken  at  market  price. 

Deoowhire. — The  incoming  tenant  has  a  right  of  pre-entry  to 
prepare  the  wheat  lands  on  a  Michaelmas  tenancy,  and  the  lands 
for  spring  crops  of  a  Lady-day  tenancy.  In  the  latter  tenancy,  he 
pays  for  the  wheat  crop  at  valuation.  Nothing  is  paid  for  manure, 
hay,  and  straw. 

DoneUiMre* — The  very  simple  custom  of  quitting  a  farm  in  the 
same  mann^  as  the  tenant  entered  appears  to  be  the  most  general. 

Durham, — ^The  incoming  tenant  generaDy  has  the  right  of  pre- 
entry  to  fallows,  and  the  use  of  the  unexpended  manure  arising  out 
of  the  last  year's  crop.  Fays  for  seeds  and  sowing,  and  for  the 
after  feed. 

Essex. — The  incoming  tenant  pays  for  labour  and  maninre  upon 

the  fallows,  seeds,  and  sowing,  and  for  dung  in  the  yard?. 

Gloucestershire. ~ThQ  incoming  tenant  has  f^^cncrally  a  right  of 
pre-entry,  and  is  entitled  to  the  dung  arising  irom  the  last  year's 
crop. 

Herejordshire* — The  incoming  tenant  has  a  right  of  pre-entry, 
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and  to  the  manure  from  the  last  year's  crop,  but  pays  for  seeds 

sown. 

Hertfordshire, — The  right  of  pre-entry  to  work  fallows  exists 
pretty  generally.  The  incoming  tenant  is  entitled  to  one-fifth  of 
the  land  for  faUow>  and  one-fifth  upon  which  he  can  sow  grass 
seeds. 

Hampshire.'^The  incoming  tenant  pays  for  labour  upon  the  fal- 
lows, and  for  carting  and  spreading  dung ;  but  is  entitled  to  the 
dung  without  payment. 

Huntingdonshire. — The  incoming  tennnt  pays  for  labour  upon  the 

tkllows,  but  is  entitled  to  the  dung  free  of  cost. 

Kfmt. — The  incoming  tenant  pays  for  fallows  and  half  fallows, 
dressings  and  half  dressings,  seed  and  sowing,  clover  leys,  under- 
wood down  to  the  stub,  manure  upon  the  premises^  and  hay  and 
straw  of  the  last  year's  growth  at  a  fodder  price. 

Lancasliire. — The  outgoing  tenant  is  paid  (usually  speaking)  for 
wheat  sowmg,  and  is  bound  generally  to  leave  the  farm  in  the 
same  state  as  he  found  it. 

Leicestershire, — The  incoming  tenant  pays  for  labour,  and  the 
year's  rent  and  rates  upon  the  fallows.  For  seed^  sowing,  and  full 
dressings. 

Lincolnshire. — The  incoming  tenant  has  the  right  of  pre-entry ; 
pays  for  clover  and  grass  seeds,  and  for  carting  manure,  but  is  en- 
titled to  the  dung  free  of  cost. 

JiiideUesex, — In  this  counly  there  is  a  great  breadth  of  land  under 
culture  as  market  gardens  and  meadows,  to  which  spedal  agree- 
ments generally  apply.  On  the  arable  lands  the  incoming  tenant 
at  Michaelmas  generally  pays  for  fidlows,  half  fallows,  dressings, 
half  dressings,  clover  leys,  hay,  straw,  and  dung.  There  are  very 
few  woods  and  coppices,  but  where  one  is  met  with  the  underwood 
is  taken  to  according  to  its  growth. 

Norfolk, — The  incoming  tenant  pays  for  the  crop  of  seeds  and 
turnips,  and  for  clover  leys,  but  not  for  dung.  He  has  to  draw  to 
market  within  reasonable  distance  the  outgoing  tenant's  com  from 
the  last  yearns  crop,  in  return  for  which  he  gets  the  straw  and 
chaff. 

Northamptonshire* — ^The  incoming  tenant  pays  for  fallows,  seeds 
sown,  and  labour,  but  not  for  manure. 

Northvmberland. — The  right  of  pre-entry  allows  an  incoming 
tenant  to  make  his  fiJlows,  sow  clover  and  grass  seeds,  and  cart  out 
the  dung  of  the  last  year's  crop,  to  which  he  is  entitled.  The  hold- 
ings generally  expire  at  Lady-day,  but  the  outgoing  tenant  is  en- 
titled to  the  crops  of  the  last  year;  the  carting  and  staddng  of 
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which  18  done  hj  the  inconung  tenants  who  in  return  is  entitled  to 
the  straw  when  thrashed* 

Noiiaiffhamtliire»^The  incoming  tenant  pays  for  fallowe,  lahonr, 
seed,  and  sowing,  and  to  a  limited  extent  for  nnezhausted  im- 
provements. 

Oxfordsliire, — ^The  incoming  tenant  pays  for  labour  on  fallows, 
seeds,  and  sowing,  and  for  hay  of  the  last  year  at  a  fodder  price, 

bnt  not  for  dung. 

Rutlandshire. — The  incoming  tenant  pays  for  labour  on  the  fal- 
lows, atid  for  carting  the  dung.  If  a  Lady-day  tenancy,  he  also 
pays  for  wheat  crop,  turnips,  and  see<l«,  fr>r  winter  ploughing;  and 
if  the  spring  corn,  is  sown  for  seeds,  sowing,  and  labour. 

Shropshire. — The  incominef  tenant  pre-cnters  on  the  farm.  Pays 
for  the  wheat  crop  and  clu\tr  seeds  upon  the  land,  if  they  have  not 
been  previously  fed  off,  and  for  the  dung  and  unconsiimed  hay  and 
straw  of  the  last  year's  growth.  (This  custom  assumes  a  Lady- 
day  entry.) 

SomerteUhire, — The  tenancy  generally  commences  at  Christmas 
or  Lady-  Bay.  The  incoming  tenant  pays  for  the  crop  of  wheat, 
or  for  labour,  seed,  and  sowing,  for  clover  seeds  and  sowing,  some- 
times for  dung,  and  generally  for  hay  and  straw  at  fodder  price. 

Staffordshire, — The  incoming  tenant  at  Lady-day  pays  for  what 
in  this  count/  is  called  pin-following,  hut  what  in  Surrey  would  he 
termed  a  bastard  fallow,  and  for  hay  and  straw  at  fodder  price, 
which  here  is  two-thirds  of  the  market  price  of  the  former,  and  one- 
third  of  the  latter.  The  custom  leaves  the  dung  on  the  farm  for 
the  use  of  the  incoming  tenant,  but  it  is  equally  the  custom  of  this 
county  that  what  a  tenant  pays  for  when  he  enters,  he  is  to  he  paid 
for  when  he  leaves.  The  custom  as  to  the  wheat  crop  is  verj 
undefined. 

Suffolk. — The  incoming  tenant  at  Michaelmas  pays  for  all  the 
labour  on  the  fallows,  the  seeds  sown,  and  labour  attending  them, 
and  for  the  dung  and  hay.  He  is  required  to  draw  out  the  out- 
going tenant's  corn,  and  in  return  gets  all  the  straw  and  chaif  of 
the  last  yewr's  crop  free. 

Surrey. — The  county  of  Surrey  is  notorious  for  its  high  valua- 
tions. The  tenancies,  although  I'requcntly  entered  upon  at  other 
times,  are  generally  computed  as  from  Michaelmas.  The  valuation 
comprises  fallows,  half  fallows,  dressings,  half  dressings,  grass 
seeds,  underwood,  clover  leys,  hay,  straw,  and  manure  upon  the 
premises. 

Under  the  heading  of  "  Fallows  "  are  included  all  the  ploughings, 
bar  rowings,  rollings,  and  couchings,  whether  judicious  or  uuneces- 


VALUATION  OF  TILLAGES. 


629 


saiy^  that  the  fallow  can  be  shown  to  have  received  at  the  hands 
of  the  outgoing  tenant,  a  yearns  rent  and  rates,  and  if  sown  with 
turnips,  the  seed  and  sowiug.  Half  fallows  are  generally  charged 
at  an  agreed  sum  by  the  valuators,  without  going  into  the  details 
of  the  previous  fallow.  They  are  said  to  arise,  as  has  been  pre- 
viously explained,  on  lands  liiat  have  only  borne  one  straw  crop 
since  the  full  &llow. 

Dressings  are  charged  at  the  full  value  of  the  dung,  in  addition 
to  the  cost  of  carting  and  spreading.  Half  dressings  arise  in  the 
same  way  as  half  fallows,  and  are  generally  treated  similarly  by 
the  valuers.  Clover  seeds  are  charged  at  the  co^t  of  seed  and  la^ 
bour.  Clover  leys  at  their  estimated  value.  Underwoods  accord- 
ing to  their  growth*  Hay  and  straw  sometimes  at  a  fodder  price, 
and  sometimes  at  a  market  price ;  and  dung  at  its  measured  value. 

In  those  cases  that  the  occupancy  commences  at  a  period  of 
winter  or  spring,  the  incoming  tenant  is  charged  with  the  costs  of 
all  the  labour,  seed  and  sowing,  rates  and  taxes,  that  have  been 
expended  upon  the  &rm  since  the  previous  Micliaelmas  (0rom 
which  date  "his  rent  commences,)  in  addition  to  the  valuation  to 
which  he  would  have  been  subject  had  he  entered  at  Michaelmas. 
When  the  occupation  commonces  in  summer,  the  incoming  tenant 
generally  lakes  to  the  staadina;  crops  at  a  yaluation.  niid  the  out- 
going clears  up  the  rent  to  the  following  Michaelmas,  excepting 
such  parts  thereof  as  are  taken  into  account  in  the  valuation  of  the 
iaiiows.  It  is  an  essential  feature  in  the  custom  of  Surrey  that  a 
tenant  is  entitled  to  be  paid  on  leaving  for  all  such  things  as  he 
paid  for  when  he  entered. 

The  general  tenure  of  Surrey  may  be  said  to  be  leases  of  7,  14, 
or  21  years,  the  middle  term  p^e^  ailing.  The  rentals  are  almost 
without  exception  half-yearly  payments  in  money.  The  landlord 
generally  finds  tunber  rough  upon  the  stem,  and  bricks,  tiles,  and 
lime  at  a  kiln  within  seven  miles,  for  the  repairs,  the  tenant  finding 
cartage  and  labour.  In  most  cases  the  restrictions  as  to  cultiva- 
tion direct  that  one-fourth  of  the  arable  lands  must  be  in  wheat  or 
beans;  one-fourth  fallow  and  turnips;  one-fourth  barley  or  oats; 
and  one-fourth  seeds, 

I  have  gone  more  fully  into  the  customs  of  this  county  because 
they  are  £uniliar  to  me,  and  because  it  will  in  some  measure  tend 
to  illustrate  my  interpretation  of  certain  technical  expressions  made 
use  of  by  me  which  bear  a  different  meaning  in  difierent  counties. 
To  take  but  one  instance,  I  understand  a  "  Dressing  to  be  a 
quantity  of  manure  bestowed  on  the  land;  whereas  I  believe  in 
many  parts  of  England  the  word dressing"  is  applied  to  one  course 
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of  ploughing,  harrowing.  Sec*,  and  it  is  very  common  to  say  that  a 
&II0W  has  five  dressmgs. 

Stasex, — Those  portions  of  the  county  that  adjoin  Kent  and 
Surrey  have  very  similar  customs  to  those  of  the  adjoining  counties. 
In  other  parts  the  Uhour  upon  the  fallows  is  charged,  hut  not  the 
rent  and  rates.  The  dung  arising  out  of  the  crop  of  the  hat  two 
years  of  the  tenancy  belongs  to  the  incoming  tenant,  the  only 
charge  upon  it  being  for  carting,  casting  into  heaps,  turning,  and 
spreading.  The  incoming  tenant  sometimes  carts  to  market  the 
corn  of  the  last  year's  growth  belonging  to  his  predecessor,  taMng 
in  return  the  straw  and  chaff.  When  this  carting  is  not  done,  the 
straw  and  chaff  is  paid  for  at  fodder  price. 

fVcanoiekshire, — The  incoming  tenant  at  Lady-day  generally  pays 
for  seed,  sowing,  rent,  and  rates  on  the  wheat  crop  from  Michael- 
mas ;  but  a  custom  prevails  allowing  the  outgoing  tenant  to  retain 
possession  of  the  wheat  lands  that  are  afler  fallow,  not  otherwise, 
until  the  following  Michaelmas,  to  get  in  his  wheat  crop,  in  which 
cn«p  he  pays  the  new  occupier  the  half-year's  rent  and  rates.  The 
custom  as  to  spring  crops  allows  no  right  of  pre-entry  to  the  in- 
coming tenant ;  if  the  uutp;oing  occupier  prepares  and  sows  the 
land,  he  is  paid  for  so  doing  at  valuation.  No  fallows  arc  paid  for 
in  this  county ;  but  if  the  turnip  crop  fails  on  fallowed  land,  the  out- 
goer  is  allowed  one  half-year's  rent  and  rates  thereon  in  considera- 
tion of  the  labour  he  has  expended.    The  dung  is  not  paid  for. 

Westmorelnnd, — The  incoming  tenant  pays  for  seed,  sowing,  and 
labour,  previously  expended,  and  a  portion  of  tlie  rent  and  rates  of 
fallows.  (The  expressions  waygoing  and  oncoming  are  substituted 
in  the  North  for  outgoing  and  mcoming  in  the  South.) 

WUtthire,'-^Tl\iQ  incoming  tenant  has  the  right  of  pre-entry,  to 
make  his  follows  and  sow  his  wheat,  turnips,  and  grass  seeds.  He 
is  entitled  to  the  dung  arising  from  the  crops  ui  liie  last  two  yeai-s, 
and  the  outgoing  tenant  consumes  the  fodder. 

Worcestershire, — The  chief  feature  in  the  custom  appears  to  be, 
that  a  tenant  leaves  a  farm  on  the  same  conditions  as  he  entered 
upon  it. 

Yorkshire^  Mast  Riding  o/I— The  incoming  tenant  at  Lady-day  is 
entitied  to  pre-entry  at  Candlemas  to  plough  lands  for  fallow.  He 
has  to  pay  for  clover  seeds  and  sowing,  and  for  the  manure  arising 
from  the  last  year's  crop.  He  also  pays  for  the  growing  crops  of 
00m  at  a  valuation,  made  at  suitable  times  near  harvest.  The  pay- 
ments for  the  amount  of  the  growing  crops  are  (in  some  cases  I  am 
aware,  hut  whether  generally  so  I  am  not  fully  informed)  allowed 
to  be  made  by  instalments,  as  the  com  is  thrashed,  so  that  a 
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smaller  capital  is  required  to  take  to  a  farm  under  this  custom 
than  is  at  first  sight  apparent. 

Yorkshire,  North  Riding  o/.— The  same  right  of  pre-entry  exists 
as  in  the  Eaist  Riding  from  Candlemas-day,  the  tenancy  com- 
mencing at  Lady-day.  The  incoming  tenant  pays  for  clover  seed 
and  sowing  of  the  preceding  year,  and  for  the  mama  c  from  the 
last  year's  crop.  He  also  pays  for  the  wheat  crop  at  valuation  at 
harvest,  or  allows  the  outgoing  tenant  to  harvest  the  crop. 

Yorkshire,  IVest  Riding  of. — The  tenancy  commences  at  Lady- 
dav,  the  tenant  having  a  right  of  pre-entry  at  Candlemas.  Fallows 
and  iialf  fallows,  dressings  and  half  dressings,  are  valued  in  this 
Eiding  in  some  instances.  The  wheat  crop  is  sometimes  har^ 
Tested  by  the  outgoing  tenant;  sometimes  the  incoming  occupier 
pays  for  it  at  yaluation ;  and  clover  leys  are  paid  for. 

I  have  now  gone  through  the  whole  of  the  customs  in  force  in 
the  several  counties  of  England,  so  far  as  they  relate  to^  or  form 
the  subject  of,  valuations  of  tenant-right,  and  as  well  as  I  have 
\)em  enabled  to  gather  information.  It  will  be  obvious  to  every 
practical  man  that  the  customs  of  many  counties  are  exceedingly 
difficult  to  define,  varying  as  they  frequently  do  in  different 
panshes  of  the  same  county,  and  especially  is  ^s  the  case  with 
reference  to  the  periods  entry.  My  endeavour  has  been  to 
place  together  such  an  amount  of  information  as  will  convey  a 
general  idea  of  the  whole  question  ;  the  information  is  of  necessity 
imperfect,  but  at  the  same  time  it  a^&^rds  a  key  to  the  principal 
features. 

The  foliowin.L^^  -ptM  iiiiou  of  a  Surrey  Vahiation  will  sufficiently 
elucidate  the  principle  of  making  them,  and  writing  out  the  in- 
ventory. 

Before  commencing  a  valuation,  the  valuators  should  always 
appoint  in  writing  an  umpire,  to  whom  matters  of  difference  may 
be  referred.  If  this  is  not  attended  to,  difficulties  sometimes  arise 
at  a  subsequent  stage  in  the  choice  of  an  umpire,  causing  great 
delay  and  trouble. 


632 


VALUATION  OF  TILLAGES. 


> 


at 
4> 


•9 


00 


I 


.A 


ft 


00 

$ 


o 
o 


o 
o 


o  o 
2  o 


o 
o 


•8. 


c  a  g 

'^1 


1^1 


o 
o 


o 
o 

to 

CO 


c 

O 

Ph 

1^ 

c 
o 


-a 


2J 


o 
o 

8 


O 

o 

3 


t3 
a>  hi 

M 


-^'OOO  o 

«o  O  <iD  O 
40  CO 


o  o  o 
oo  o 


$0 


CO 


iM  1^    ^  00  00 


»0  <M  O 


^   Oh  tf  vl  ^ 

cTi  OS       fc.  ^ 


^2  ^— ^  flj 

%  •«#  OQ  h 

ir*      _H  ^'  "^C 


'■I  sS 


2  « 
S  <^  S 


♦  m 

.  <i> 

'  ■§ 

S  3 

(-4  ^ 


t  1 

M   ^  O 


p."  o 


O 

a 


o 
o 


o 

o 


S3  I  31 


s. 

o 


H3   ^  u 


^iliii 


11  s§ 


^  2 


o 


8 


VALUATION  OF  TILLAGES. 


633 


2  s 


634 


VALUATION  OF  TIIjLAGBS< 


o 

s 


o 
o 


o 
o 

05 


o 

00 


o  o 
o  p 


o 
o 


o  o 

O 

3i  ;s 


;       :  o 

:  o 

:  (M 

o 

'  O 

o 

o 

CO  ;2J 


o 
o 


o 

CO 


o 
o 


c 


«0  «D 


«0 


•8  § 


CD 

CO 


"2  s^sp 


> 

5 


O  e9 


.9 


o 
o 

CO 


o 
o 

00 


O 
O 


o 
o 

(55 


O  O 

CO  r-t 


^  5 


8 


B  .  I  i 

S  »  2  -I 
Stg  111? 

III 


09 

8 


8 


VALUATION  OF  TILLAGES. 


6Z6 


ACOOOOOOOOO 

00 

o 

o 

O 

00 

Value  < 
each 
Field. 

.-^OCMOOOOC^l"* 

*  1— < 

o 

o 

C5~" 

0*  r-»  r-« 

1— ( 

X) 
UJ 

<M 
CO 

1-^ 

1104 

-a  2 


l!| 


AO  O 


«o  O  O 


O  »0 
l>  CO 


o  8> 


o  ; 

oo 

o 

iOOO  ; 

O  ; 

oo 

o 

)o  : 
«  : 

«D  o  : 
*0'^  : 

CO 

O  t  Q 


o  I  o 


Value  of 
Labour  and 
Tillages. 

00  O  oooo 

■OO  I  00 

^.  O  O  CM  O  Q  O 

J  CO  OS  CO  rH  Uti  CO 
O  »0  t>  <M  rj^  i-i 

:  o 

w  ee  oO.^»^^  mc$ 


OS 

5.3  <S 


Ip^OOOOOOOOO 


aJOOOOOOOOO 


J  C'  O  -c  O  C:  CO  X'  X  -+^ 
^  rt<  <M  CO  (N  (M      C<l  <M  CO 


CO 


I 
s 
•s 

i 


3    •    'ppS  "^3^3 


2 

o 


O  O  CO  C:  o  O  <0  O  00  J 


MOtH(»C<lOfH0iSC!»  ]  o 


C'  X  r--  ^r:  i.t)  I 

;:  4 


1 

* 

CO 


CO 


CD 


CO 

to 
Q 


Id 

eS 

O 


a 
I. 


<a 
>» 

CD 

I 


I 


1 

D 

s 

o 
00 


o 

•8 


I 
I 

0) 


a 

o 

I 


§ 


ClOQ 

II 


636 


VALUATION  OF  TILLAQES. 


^th  reference  to  the  preceding  form  of  Field  Book,  fitde  need 
be  Baid.  It  will  be  found  conYenient  in  general  use,  although 
perhaps  few  valuers  will  adopt  it,  simply  because  it  appears  to 
cause  extra  trouble;  sndi,  however,  is  not  the  case,  and  the 
information  it  affords  is  very  interesting*  The  first  oolnmn  sets 
forth  the  actual  quantity  of  the  field,  induding  waste  and  hedge 
and  ditch:  the  outside  measure  thereof,  properly  speaking.  The 
second  column  contuns  the  name  of  the  field,  under  which  is 
written  the  cultivation,  and  in  the  same  column  there  is  always 
room  to  make  a  memorandum  of  the  rotation  of  croppmg,  which 
should  be  enquired  into.  The  tbird  column  Bets  forth  the  inside 
measure  of  the  field,  or  the  different  quantities  included  in  one 
course  of  husbandry.  The  fourth  column  contains  Hie  different  items 
of  the  valuation.  The  fifth  is  set  apart  for  the  price.  The  sixth, 
seventh,  and  eighth  contain  respectively  the  amounts  of  different 
charges,  distinguishing  those  for  dressings  and  half  dressings,  and 
the  allowance  for  rent  and  rates  from  the  valuation  of  the  tillages 
and  labour.  The  ninth  is  a  colmnn  ior  the  totals  of  the  three 
preceding  columns  and  for  any  exiranemis  matters  that  cannot  be 
ranged  under  either  of  the  other  heads.  The  tenth  and  last 
column  contains  the  total  amount  of  valuatioa  in  each  field  in 
a  convenient  form  for  casting. 

In  writing  out  the  inventory  the  prices  are  not  given. 

The  following  is  the  manner  in  which  this  is  done: — 

An  INYENTOBT  and  YALTJATION  of  tillages  and  tenant- 
liglit  upon  a  farm  in  Surrey,  as  made  between  Mr.  Daniel  Long- 
staff  and  Mr.  Bichard  Smith,  this  25th  day  of  October,  1852,  by 
Edward  Byde,  on  the  part  of  the  said  Daniel  Longstaff,  and  James 
Smitii,  on  the  part  of  the  said  Bichard  Smith. 

A.  B.  P. 

48  2  0  Qtjata^FaUmif 

40   0  0 — 5  times  plou^ng 

2  tine  dragging 

Once  rolling 
20   0   0   Dunging,  carting  &  spreading 
40   0   0   Rent  and  rates. 
80  0  0   Bam  Field— i^a/Zbto 

5  timeis  plonp^hing 

2  tine  dragging 

Once  rolling 

Dunging,  carting  Sc  spreading 
Kent  and  rates. 
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A.     B.  p. 

34  1  6 


80  3  16 

20  2  16 

8  030 

88  1  6 

28  3  10 


35  2  8 


3  0  0 


33  0  0   Clover  seed  and 

2  tine  email  harrowing 
Once  rolling 
HalffiUlow 
18   0  0   Half  dressing. 
The  Tfrenty  Acres 

20  0   0   Twice  ploughing. 
liOng  Field — Clover  Ley 
20  0  0   The  ley 

Half  dressing. 
Chnnnuni  Field — Wheat  JErsh 
8  0  0   Half  Mow. 
Field— FAea^  Ersh 
28   0   0   Half  dressing. 
Carthonse  Keld — Seeds 

28   0   0 — 2  tine  small  harrowing 
Once  rolling 
Clover  seed  and  sowing 
20   0    0    Half  dressing 
Half  fallow. 
Cross  Path  'Piel^—Falkno 

34  0   0 — Twice  ploughed 
16  0  0   Bent  and  rates 

A  hill  of  dung 
A  rick  of  clover  hay 
Wood — 3  Years'  growth  of  underwood. 


The  tillages,  and  other  acts  of  hushandry,  matters  and  things 
mentioned  in  the  foregoing  inventory^  are  valued  at  the  sum  of 
one  thousand,  one  hundred  and  fonr  pounds,  ten  shillings  and 
eight  pence^  by  us^  Edward  Ryde,  , 

James  Smith. 

Li  oonnection   with  this  snhjer^t  the  following  directions  and 
Tables  for  Measuriiig  Hay  Bicks  will  be  useful. 
Let  fig.        represent  a  hay  stack,  the  content  of  which  is 
required : — 

It  will  be  obvious  that  the  mean  length,  width,  and  height, 
taken  at  the  })luces  indicated  on  this  fig.,  are  the  correct  dimen- 
sions for  n'^ecrtaiuing  the  proper  cubic  content  of  the  stack. 

The  df  n-^iiy  of  the  stack  must  then  be  estimated,  and  the 
remaiomg  operations  are  supplied  by  the  tables. 
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.  Table  1 


To  be  UB6d  when  tibe  Hay  ie  very  doee. 


Feet 

*  •* 
wide. 

6 

feet 

7 

feet 

8 

feet 
Ugh. 

9 

feet 

10 

feet 

11 

JUglU 

12 

feet 

Jllgllt 

13 

feet 

14 

toti 

hiirh 

Feet 

6 

72 

84 

96 

108 

120 

132 

144 

156 

168 

6 

t 
1 

Oil 
Oft 

W 

lav 

I4U 

183 

Ami 

7 

8 

96 

112 

128 

160 

176 

192 

AAA 

208 

224 

8 

9 

108 

126 

AAA 

144 

162 

180 

198 

216 

294 

252 

o 

o 

1  n 

\.2\J 

lOv 

260 

280 

10 

1  i 

1  oo 

11 

1-2 

144 

168 

216 

240 

264 

288 

312 

336 

12 

13 

156 

182 

208 

234 

260 

286 

312 

33o 

364 

13 

14 

lit  A 

lo8 

illD 

824 

«KfO 

14 

16 

180 

210 

240 

270 

800 

330 

360 

800 

420 

16 

1  ("1 

192 

224 

320 

332 

384 

416 

448 

18 

17 

204 

238 

3C)6 

340 

374 

408 

442 

476 

17 

18 

216 

262 

a:^4 

360 

396 

432 

468 

504 

18 

19 

228 

266 

304 

842 

380 

418 

456 

494 

532 

1«J 

240 

280 

320 

360 

400 

440 

480 

520 

660 

20 

21 

2S2 

294 

336 

378 

420 

402 

504 

546 

588 

616 

21 

264 

306 

8S2 

396 

440 

484 

628 

672 

22 

23 

276 

322 

414 

400 

606 

652 

698 

644 

23 

•24 

288 

336 

384 

432 

480 

528 

576 

624 

672 

24 

25 

300 

350 

400 

450 

500 

550 

eoo 

650 

700 

25 

26 

;n2 

'MM 

4  If) 

468 

5-20 

r>72 

624 

676 

728 

26 

27 

324 

;)7H 

im 

4  SO 

;">4i  t 

.'>!)4 

648 

702 

756 

27 

Example.  Required  the  Content  of  a  Hay  Stock  23  feet  long,  16  feet  "wide, 
and  10  feet  high ;  the  Hay  being  very  dm. 

In  Table  1,  opposite  16  feet  wide,  smd  under  10  feet  high*  stands  the  mimher 
820,  which  is  earned  to  Table  4,  to  complete  the  calculittiott. 

NaU,  A  veiy  little  practice  will  «how  which  of  the  Tables  1,  2,  or  3,  sh^mld  be 
made  use  of  for  different  deceription  of  Ricks,  as,  for  example,  enppoee  a  person  wero 

to  measure  a  Rick  and  (".('niatt-  (lie  content  by  TaHp  2,  -which  when  cut  ont  proved 
to  contain  more  Hay  tTum  the  Tables  gave  him,  he  would  know  in  figure,  that  that 
description  of  Kck  muBt  ho  measui^  by  Tabic  1,  or  if  it  contained  leas,^  thai 
would  he  know  that  Table  8  mxmt  in  future  be  used ;  and,  ha^ng  aoqusinted  luaaself 
with  thekindoflUckad^ted  for  the  two  extremes,  the  mean,  or  Table  2,  will  of 
couree  follow. 
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To  bo  used  when  the  Hay  ia  of  a  mean  density. 


Feet 
wide. 

6 

feet 
high. 

7 

feot 

8 

ftet 

9 

ftee 

10 

Mfli, 

u 

feet 

12 

test 
high. 

18 

Act 
hi^. 

14 

feet 
high. 

Feet 

wide. 

6 

m 

60 
70 

70 
SI 

80 
93 

90 
105 

100 

no 

110 

128 

120 
140 

130 

151 

140 

163 

6 
7 

8 
9 

10 

80 
90 

100 

93 

im 

116 

106 

120 

133 

120 

199 

150 

133 

150 

166 

146 

169 

183 

160 

180 

200 

173 
195 
216 

186 
210 

233 

8 
9 

10 

■Mr  A  V 

128 

146 

166 

183 

201 

220 

236 

256 

11 

12 

13 

14 

120 

m 

140 

140 
151 
163 

160 

173 

186 

19d 
210 

216 
233 

m 

266 

210 

260 
280 

260 

281 
308 

280 

303 
326 

12 

13 

14 

16 

160 

176 

200 

226 

260 

276 

300 

325 

dSO 

16 

10 

17 

18 

160 

170 

180 

186 
198 

210 

213 
226 

240 

240 

255 

270 

266 

283 

300 

2^ 
311 

330 

320 
340 

360 

368 

390 

373 
396 

420 

16 
17 

18 

19 

190 

221 

253 

285 

316 

348 

380 

411 

443 

19 

20 

21 

m 

210 

mi 

2.'?;i 
256 

2(;r. 
280 
293 

300 

315 

330 

333 

350 

306 

360 

385 

403 

400 

420 
440 

433 
455 
476 

466 
490 
613 

20 
21 
22 

23 

230 

268 

306 

346 

383 

421 

460 

ASA 

836 

23 

24 

29 

26 

240 

250 

2C0 

280 
291 

303 

320 
333 

340 

860 

375 

390 

400 

416 

433 

440 

458 

476 

480 
500 

620 

520 
541 

663 

500 

583 

006 

24 
25 

26 

27 

270 

315 

3(50 

405 

450 

496 

640 

585 

630 

27 

ExAMPLB  Suppose  a  Hay  Stack,  33  feet  lon^.  18  feet  wide,  and  12  feet  high, 
and  the  Hajr  of  a  mean  deurity,  what  does  it  contain  ? 


Id  Table  2,  under  12  feet  high,  and  opposite  18  feet  wide,  stands  the  Number 
360,  which  must  be  canied  to  Table  4,  to  complete  the  calculaUon. 
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To  be  naed  when  the  Hay  is  very  loose. 


6 

7 

Q 
O 

u 

in 

19 

Id 

If* 

Feet 
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25 

26 
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287 
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28 

27 

281 
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808 
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885 

424 

462 

601 

540 
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Kx  A  un.s,— Suppose  a  Hay  Hick  40  feet  loQg,  18  feet  wide,  and  12  feet  Ugh,  the 
Hhv  very  latm,  what  are  fts  oonteiita? 


lu  Tablo  3,  under  12  feet  high,  and  opposite  IR  feet  wide,  atands  the  number  806> 
wUcb  carried  to  Table  4,  will  complete  the  cakulatioiu 
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Table  4.    Completing  the  Oalcuiations  and  showing  the  Content  of 

liicks,  in  Trusses. 
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Ex.\MrLK.  In  Example  to  Table  1  our  ealculation  was  held  in  abeyance 
aites  finding  the  aumber  320. 

Nowby  this  Table,  under  28  feet  long,  opposite  300  stands  690  Xnisses. 

„      JO      „    JO  „ 

820  content.  786  „ 
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Table  4  emtinued.  Showing  the  Content  of  Bicks,  in  Tnis8«8. 
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Example.  In  T;ibl«  2  our  calculation  was  held  in  abeyance  after  finding  the 
numlYer  360.   lu  Table  %  ooder  33  f«et  bogt  opposite  300  staa^  990  TruasM. 

60      „      198  „ 

360  content  1188  „ 

iVofie.— This  calcul«^,  containing  two  lines  of  figures,  may  Appear  mmeooasarily 
troublesome  at  first  Biplit.  Imt  on  inspection,  it  will  i'c  obvious  that,  the  figures  might 
have  been  taken  from  the  Table*  and  cast  togellier  meotally,  without  the  sitghtest 
cfTort, 
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Table  4  continued.    Showing  tlie  Content  of  Rickii,  in  Trusses. 


50 

i 

M  0(  C«  03  00 

to 

si 

CO 

g 

^  ^  AOl  CO 

c 

^  oa o»  ^  »  0»  OD  0»  00  O  ^  64  Q  CO  O  ^  «  O  Q  p  O  O  O  Q 

Ul 

1    ^  Ci  -r  io  eo  a»           i>  -r     'X  iO  o;  c:  p  «  o  o  c  c  Q  o  o 

^  C«  Ot  03  CO  ^  ^  9»  ^  00  05  e» 

« 

1 

1— 1  1— lOv  Ct  09  09  ^  ^  OS  w  00  w 

d 

J 

r4  01  <9  ^  K9  V  r« 

44 

ft.  long. 

1 

H 

-«2aa8gggss§s§liliSiiiiii 

Ul 

m 

^  00  ct        S  :£    S9  S  S   !S  IS  S  ^ 8  S  S  S  S  S  2 

ti 

u 

'A 

tn 

3 

•-•  <^  04  51  ©1 

Ul 

OS 

f-f 

»-<  1-H  C*  0*  <M 

W  1 

si 

m 

s 

TjiOOO»<00'r  X      wQC  C  OQO  OO  OOQ  Q  OQO  Q 

»H  1—1  Qt  CI  <J* 

1 

IFN  Ct  CO  ^  IQ  9 

Example  Bv  Table  3  our  calculation  rejnained  in  abeyance  after  finding  the 
nnrober  308.    In  Table  4,  under  40  feet  long,  opposite  800  stands  1200  Trassea. 

8      „        32  ,f 

d08  content.  1232  „ 

NoU.—Thc  Contents  arc  given  in  TroBsos  on  account  of  the  difierent  cnstoni  of 
.^alculatiug  by  the  Lotd  of  36  Trusses  in  some  counties,  and  hy  the  Ton  of  40  T  ivwes 
in  others. 
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a?afol6  5.  . 

Showing  the  number  of  loads  and  tons  wMch  are  contained  in  any 

number  of  trasses. 
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ExAUFLS  1-   In  1800  trusses,  how  many  loads  or  tons  ^ 
Opposite  1800  trusses  staads  60  loads  or  45  tons. 

ExAMFWi  ^-    In  736  trusses,  liow  many  loads  ? 

Opposite  730  stands  20  losds,  10  tnuMB,  to  whicih  if  we  mentally  add  6  tnuass, 

ve  f^et  the  reqtiired  answer. 

Ex^PLS  3.   In  736  tnt8ie%  how  many  tons  ? 

Oppoflite  730  stands  18  tons  10  trusses,  to  which  if  we  mentally  add  the 
remaining  6  trusses,  we  get  the  required  answer- 
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CHAPTER  XIX. 

VALUATION  OF  PABISHBS. 

Ik  addition  to  what  has  been  adduced  in  previous  chapters,  a  very 
brief  description  of  the  prindples  that  govern  Buish  YalitationSy 
made  for  the  purposes  of  Poor  Law  Assessment,  will  be  sufficient. 

The  words  of  the  '^Parochial  Assessment, Act**  are — that  no 
rate  for  the  relief  of  the  poor  in  England  and  Wales  shall  be  al- 
lowed by  any  justices,  or  be  of  any  force,  which  shall  not  be  made 
upon  an  estimate  of  the  net  annual  yalue  of  the  several  heredita- 
ments rated  thereto,  that  is  to  say^  the  rent  at  which  the  same 
might  be  reasonably  expected  to  let  from  year  to  year,  free  of  all 
usual  rates  and  taxes,  and  tithe  commutation  rent  charge,  (if  any,) 
and  deducting  therefrom  the  probable  average  annual  cost  of  re- 
pairs, insurance,  and  other  ezpences  (if  any,)  necessary  to  maintain 
them  in  a  state  to  command  such  rent. 

The  instructions  issued  by  the  Poor-Law  Commissioners  with 
reference  to  this  particular  clause  in  the  Act,  run  as  follow  : — 

The  column  headed  "  Gross  Estimated  Rental/'  must  be  filled 
up  with  the  estimated  value  of  the  holding,  calculated  on  an  esti- 
mate of  what  would  be  a  reasonable  rent  to  pay  from  year  to  year, 
if  there  were  no  tenant's  rates  and  taxes,  no  tithe,  or  commutation 
rent  charge,  no  repairs  to  be  done  by  the  tenant,  nor  insurance,  nor 
other  expencea  to  be  incurred  by  him  as  necessary  to  keep  the  pro- 
perty in  its  present  condition. 

The  column  headed  "  Rateable  Value,"  must  be  filled  up  thus : — 
From  the  gross  rt;u;ui,  ascertained  as  above,  must  be  deducted  the 
estimate  amount  of  tenant  rates  and  taxes,  of  tithe  commutation 
rent  charge,  (if  any,)  of  repairs  and  insurance,  and  of  any  other 
expences  necessary  to  keep  the  property  in  its  present  condition. 

The  residue  will  be  the  "Bateable  Value,'*  or  *<Net  Annual  Value," 
according  to  the  first  section  of  the  ^'  Parochial  Assessment  Act." 

Now,  with  reference  to  the  words  of  the  Act,  it  is  quite  obvious 
that  the  rotf  alluded  to  is  not  intended  to  be  the  rent  actually  paid 
by  the  tenant,  but  the  rent  the  property  is  fairly  worth,  in  (K>mpari- 
son  with  other  properties  in  the  same  parish,  and  comprised  in  the 
same  assessment. 

The  correct  basis  of  all  parish  valuations  must  evidently  be 
equality  and  fairness ;  therefore,  it  is  not  possible  to  make  the 
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amount  of  rent  that  any  Individual  tenant  may  chance  to  pay  for 
his  holding  the  foundation  of  any  calculation  for  the  assessment  of 
that  holding.  Yet  this  is  by  uo  means  an  unusual  manner  of  view- 
ing the  matter.  Men  say  a  thing  is  worth  what  it  will  fetch.  If 
a  farm  or  a  houPe  is  not  worth  the  money  that  is  given  for  it,  how 
has  tlie  tenant  been  tuund  who  will  undertake  to  pay  that  which 
he  cannot  afford.  They  urge  it  is  strong  presumptive  evidence  of 
tiie  value  of  the  properties^  and  therefoj  e,  as  such,  the  rent  i»opaid^ 
should  be  the  amount  at  wliich  the  property  should  be  assessed. 

A  landed  proprietor,  of  considerable  intelligence,  in  a  parish  I 
once  surveyed,  told  me  he  sLuuIii  have  made  a  better  valuation 
than  I  did,  for  he  could  have  access  to  the  returns  of  the  rcntiiLs 
made  for  the  Income  Tax,  at  which  amounts  he  would  have  as- 
sessed all  properties  that  were  tenanted,  aud  would  have  valued 
those  only  that  were  in  hand. 

I  will  not  go  beyond  this  very  parish  to  refute  the  arguments 
thus  adduced.  Ta^e  the  case  of  one  of  the  farms,  which  we  will 
call  A.  The  land  is  in  a  high  state  of  cultivation,  and  is  good  in 
quality.  The  homestead  and  residence  are  above  the  average  cha- 
racter. Previous  to  the  present  tenancy  it  was  farmed  by  the 
proprietor,  who  let  it  without  a  great  portion  of  the  incoming 
valuation,  that  is  to  say,  there  were  so  many  acres  of  fallow  upon 
the  &nn,  for  which  the  tenant  did  not  pay ;  he  is  to  leave  the  same 
number  on  quitting  the  same,  with  half  fidlows,  dresongs,  and 
half  dressings.  The  dung  arising  out  of  the  last  year's  crops  was 
left  upon  the  premises  for  the  use  of  the  tenant,  and  is  to  be  left  in 
like  manner  when  he  quits.  Now  a  farm  so  taken  to,  is  in  a  posi- 
tion to,  and  did,  command  a  high  rent. 

Take  an  oppodte  case.  A  farm  we  will  call  B.  The  incoming 
present  tenant  found  no  stable  nor  cow-house  upon  the  premises, 
and  the  landlord  too  poor  to  buiM  one.  The  tenant  undertook  to 
do  it,  and  it  cost  him  £400.  He  also  paid  £800  for  the  incoming 
valuation.  Now  tlus  tenant  of  course  has  a  lease  for  21  years,  but 
then  look  what  deduction  must  be  made  in  his  rent  on  account  of 
his  outlay. 

To  take  the  valuation  sum  of  £800,  first :  I  have  already  shown 

in  the  proper  place  that  a  tenant  should  get  somelJiing  like  10  per 
cent,  for  capital  thus  locked  up,  so  that  £800  amounts  to  £80  a 
year.  We  must  next  assume  that  he  puts  by  about  £15  per  an- 
miHi  to  a  sinking  fund,  to  accumulate  at  compound  interest  at  5 
per  cent.,  to  replace  at  the  end  of  the  term  the  capital  expended 
upon  the  buildings,  upon  which  he  is  also  entitled  to  10  per  cent, 
interest,  so  that  a  further  «iiim  of  £40  arises  under  this  head. 
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To  reriew  the  question,  suppose  each  farm  to  be  worth  £600  per 
annum,  wMle  the  tenant  of  farm  A  pays  this  rent  to  his  landlord, 
the  tenant  of  P>  deducts  the  three  sums  of  £S0,  £\S,  and  £40,  and 
pays  his  landlord  £465. 

The  following  i&  a  tabular  view  of  the  case. 


Yearly  Beot  paid  by 
Teiuuit. 

Amount  of  Assessment  as 

cstiinated  at  the  fair  yeartj 
value  of  each  Farm. 

£ 

£ 

Farm  A* 

600 

600 

»  B. 

465 

600 

If  these  farms  were  assessed  on  their  rental,  A  would  pay  to- 
wards a  rate,  at  Is.  in  the  pound,  jg30;  while  B  would  pay  but 
£23  5s.)  notwithstanding  the  two  farms  are  of  equal  value. 

Such  18  the  eomparison  with  respect  to  &xsm  and  lands ;  now 
take  one  as  to  houses. 

Take  a  row  of  three  houses^  all  of  equal  value  but  belonging  to 
separate  proprietors. 

A  takes  No.  1,  which  the  landlord  has  placed  in  good  repair, 
and  undertakes  so  to  maintain  it.  The  rent  under  these  circum- 
stances is  £50  per  annum. 

B  takes  No.  2,  which  the  landlord  has  also  placed  in  good  repair^ 
but  the  tenant  is  to  do  future  repairs  and  to  insure.  The  rent 
under  such  drcumstances  is  £4A  a-year. 

C  takes  No.  3>  which  is  sadly  out  of  repair^  and  the  landlord  too 
poor  to  do  what  is  necessary.  The  tenant  undertakes  to  do  the 
repairs^  and  to  maintain  them  afterwards,  as  well  as  to  pay  the  in- 
surance.  The  rent  under  such  circumstances  is  £37. 

According  to  the  principle  of  assessing  properties  at  the  rent 
paid  for  them — 

£  8, 

A  would  pay  for  No.  1,  to  a  late  at  Is.  in  the  pound  .  2  10  0 
B        „       for  No.  2,  „         „  ,,.240 

C  for  No.  3,  „         ju         M  • 

1  17  0 

an  arrangement  manifestly  unfair,  unequtd,  and  incorrect. 

I  am  aware  it  may  be  objected  to  what  I  have  ssdd,  that  tenants 
do  not  get  sufficient  allowance  made  in  their  rent,  under  circum- 
stances such  as  I  have  enumerated ;  but  to  tHi  ^  I  woold  reply,  that 
it  b  quite  a  matter  of  personal  moment  to  themselves  only.  If 
they  are  not  sufficiently  acquainted  with  business  of  this  nature  to 
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make  an  equitable  arrangemciit.  there  are  at  all  times  plenty  of 
competent  profesaional  men,  -who,  for  a  very  small  fee,  would  fur- 
nish all  the  infinrmation  that  is  required. 

I  tliereibre  submit,  that  in  oonstruing  the  Parocbial  Asseasment 
Act,  the  word  rent  must  always  "be  understood  to  imply  such  a 
yearly  sum  as  a  property  mny  be  fairly  pstiniated  to  be  worth  m 
oomparison  with  other  ]trri|u  rty  in  the  same  parish. 

To  pass  to  the  instruct  ion of  the  Poor  Law  Commissioners,  as 
to  tilling  up  the  cului  in  headed  Gross  Estimated  Sental,  and  I 
must  repeat  the  instructions. 

**  The  column  headed  Crrosd  Estimated  Eental  must  be  filled  up 
with  the  gross  estimated  value  of  the  holding,  calculated  on  an 
estimate  of  what  would  be  a  reasonable  rent  to  pay  from  year  to 
year,  il  there  were  no  tenant's  rates  and  taxes,  no  tithe  or  commu- 
tation rent  charge,  no  repairs  to  be  done  by  the  tenant^  nor  insure 
ance,  nor  other  expenses  to  be  incurredby  him  as  necessary  to  keep 
the  property  in  its  present  condition*** 

It  will  be  obvious,  that  to  fill  up  the  column  in  this  way,  the 
fitir  rental  of  a  farm  must  first  be  computed  in  the  manner  shown 
in  a  previous  chapter,  to  which  must  be  added  the  amount  of  the 
poor  rates,  church,  highway,  and  other  rates,  now  peid  by  the 
tenant,  because  if  there  were  none  of  these  imposts,  all  tenants 
would  be  able  to  pay  a  Mgher  rent  than  they  now  pay  by  just  the 
amoimt  of  these  ongoings. 

These  instructions  were  adopted  by  many  valuers,  myself  among 
others,  in  about  one  instance  to  each  valuer;  but  it  was  never  re^ 
peated.  The  gross  value  so  obtained  represented  such  entirely 
fictitious  sums,  that  the  greatest  dissatisfaction  among  the  rate- 
payers resulted ;  and  notwithstanding  the  additions  were  all  taken 
off  again  before  the  rateable  value  was  entered,  the  thing  appeared 
so  grossly  inconsistent,  that  the  poor  valuer  was  assumed  to  know 
very  little  of  his  profession,  if  his  motives  were  not  characterized  by 
a  harder  term. 

The  practice  is,  to  place  in  the  column  of  Gross  "Rentfil,  the  sum 
at  which  the  property  has  been  valued,  .and  to  deduct  therefrom  an 
amount  for  repairs,  insurance  on  the  buildings,  and  the  tithe  W 

commiitation  rent  charge  (if  any)  for  the  net  rental. 

It  h-j=  bocTi  siio;gested  that  an  allowance  should  be  made  for  the 
repairs  o['  tin-  ;u^uic8,  roads,  and  fences  on  a  farm;  but  the  practical 
ditiicuUie=  that  arise,  render  futile  any  attempt  to  do  so.  To  adopt 
the  principle  fairly,  a  greater  allowance  must  be  made  on  small 
fields  than  on  large  ones  ;  and  it  could  never  be  a  per  centage  de- 
duction from  the  amount  of  the  valuation,  inasmuch  as  agate  costs 
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88  mach  to  repair,  if  it  belongs  to  land  not  worth  IQs.  an  acre>  as 
one  that  beUmgs  to  hmd  of  four  times  the  value.  MoreoYer,  in  the 
valnation  of  single  fields,  it  would  become  necessary  to  ascertain 
exactly  the  length  offence  belon^g  to  each  field,  (for  some  fields 
are  bounded  enlarel j  by  fences  belonging  to  the  adjoining  fields,) 
and  whether  there  is  a  gate  or  not. 

In  entering  upon  the  valuaiion  of  a  parish,  considerable  care  is 
necessary  in  arriving  at  a  proper  standard  of  yalue,  which  should 
not  be  too  high ;  but  having  determined  upon  the  standard,  all  the 
remainder  is  easily  accomplished  by  comparison. 

The  principles  enunciated  in  the  chapter  on  the  Valuation  of 
Estates,  will  apply  in  the  Valuation  of  Parishes ;  so  that  tiiey  need 
not  be  again  referred  to;  but  a  few  brief  remarks  upon  the  rating 
of  railways,  gas  and  water  companies,  wiU  not  be  out  of  place* 

If  we  take  the  case  of  a  railway,  it  will  serve  for  the  water  or 
gas  companies  without  further  illustration. 

A  railway,  like  a  farm,  cannot  be  valued  on  its  cost  of  construe^ 
tion,  since  cost  is  not  the  measure  of  value.  It  is  the  yearly  sum 
it  is  worth  to  a  tenant  by  way  of  rent  that  can  alone  form  the  sub- 
ject of  calculation  as  to  its  value. 

The  first  amount  to  be  ascertained  is  the  sum  of  the  annual 
earnings,  which  will  answer  to  the  item  of  produce  on  a  farm. 
Froin  this  has  to  he  deducted,  first,  the  cost  of  working  the  line, 
inehiding  all  outgoiii'js,  which  is  the  same  tliinL';  as  the  cost  of  cul- 
tivation on  a  farm  ;  secondly,  the  sum  for  renewing  the  rolling  stock 
or  plant ;  thirdly,  the  interest  due  to  the  tenant  on  tlie  value  of  liis 
rolling  stock :  fourthly,  a  sum  tor  superintendence  and  manage- 
ment ;  and  the  remainder  is  rent,  at  which  the  railway  should  be 
assessed. 

The  cost  of  construction  clearly  having  nothing  to  do  with  the 
yearly  value  of  the  railway,  nor  the  sum  at  which  it  ^ould  be 
assessed. 

There  is  one  item  which  should  pos^bly  be  considered  in  the 
case  of  a  railway;  an  extra  allowance  fior  casualties,  over  which  a 
tenant  may  not  be  able  to  exerdse  control ;  but  great  caution 
must  be  used  in  admitting  to  what  extent  railway  accidents 
are  b^ond  controL  It  is  ezceedmgly  likely  that  if  the  great 
lines  of  railway  were  in  the  occupation  of  tenants  to  whom  respon- 
sibilily  individually  attached,  some  of  the  acddenta  that  have 
occurred  would  have  been  avoided,  even  if  we  suppose  the  present 
managers  to  be  the  tenants.  For  there  are,  doubtless,  many  things 
now  sanctioned  by  managers  and  boards  of  directors,  of  which 
they  cannot  approve,  but  to  which  they  are  partiy  coerced  by  their 
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desire  to  retain  the  satisfaction  of  the  BhareholdeTS,  who  oare  Tery 
little  about  anytluiig  bejond  a  large  diyidend. 

It  28  not  at  all  likely  that  a  railway  will  he  situated  entirely  in 
one  parish,  hence  comes  the  necessity  of  dividing  the  rate,  and 
&irly  apportioning  it  among  the  several  parishes.  Some  valuators 
have  argued  that  this  should  be  done  by  an  equal  mileage 
rate,  because  say  they,  inaamnch  as  no  money  is  taken  in  some 
parishes,  while  large  sums  are  taken  in  others,  an  average  is  all 
that  can  be  arrived  at  Others  there  are  who  say  that  those 
parishes  in  which  no  money  is  taken,  cannot  possibly  lay  claim  to 
any  rate,  as  the  camiugs  there  are  nothing ;  or  at  any  rate,  they 
y<)u  must  either  assess  them  on  an  estimate  of  the  cost  of  con- 
structing the  line^  or  of  the  original  value  of  the  land.  This  is  all 
very  fallacious,  which  there  is  small  difficulty  in  proving. 

We  must  never  lose  sight  of  the  fact  that  the  railway  is 
liable  to  be  rated  at  what  it  is  worth  to  rent.  Now,  to  estimate 
this  rent  suppose  the  portion  of  the  line  that  Is  situate  in  each 
parish  to  be  held  by  a  separate  tenant ;  of  course  in  sucli  a  case 
all  the  expenses  must  bo  borne  by  a  pro-rata  mileage  charge,  and 
all  the  tenants  rnubi  Lcjuitably  divide  the  allowance  for  superin- 
tendence and  maiiatrenient.  To  look  at  the  case  of  the  tenant  in 
the  parish  in  which  uo  station  Is  situate;  what  is  his  position?  He 
cannot  take  any  money  of  the  public ;  but  would  not  he  take  care 
that  if  the  other  tenants  took  money  of  the  public  in  other  parishes, 
for  travelling  over  his  portion  of  the  line,  they  should,  if  he  allowed 
them  so  to  tnivel,  pay  him  his  share  of  such  earnings ;  and  therefore 
his  portion  of  the  line  would  become  as  well  worth  a  rent  as  any 
of  die  others,  upon  which  rent  he  should  be  assessed,  and  thus 
explode  the  erroneous  prin<»ples  to  which  I  have  alluded. 

The  method  of  apportioning  the  rent  of  a  railway  among  the 
several  parishes  for  the  purposes  of  assessment  has  been  much 
discussed,  and  is,  as  I  believe,  very  little  understood.  Notwith- 
standing it  is  very  simple  and  dearly  demonstrable. 

The  working  expenses  I  am  prepared  to  admit  may  be  spread 
equaUy  over  the  whole  railway  according  to  the  earnings,  (except 
in  cases  of  long  lines  that  are  worked  in  distinct  sections,  and  in 
such  cases  each  section  may  he  considered  as  a  separate  line,) 
the  allowance  for  wear  and  tear  or  renewal  of  the  rolling  stock 
may  also  be  so :  the  Interest  on  tenants'  capital  should  be  made  to 
follow  the  same  proportion  as  the  allowance  for  the  renewal  ol  the 
rolling  stock ;  and  the  allowance  for  superintendence  should  he 
evidently  greater  on  those  parts  of  the  hne  where  the  earnings  are 
large,  than  where  they  are  smaU. 
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It  is  with  the  division  of  the  earnings  or  valae  of  the  produce  of 
the  railwaj  among  the  seyeral  parishes^  I  have  mostlj  to  deal  in 
this  place.  To  illustrate  this  dearly  we  mnst  draw  a  Plan* 
Fig.  173  m. 

Without  say  reference  to  scale  we  will  assume,  that^  from  the 
teiminas  at  A,  there  is  in  the  parish  No.  1,  5  miles;  and  that 
from  terminus  A  to  station  B  is  seven  miles^  so  that  two  miles  oi 
that  length  is  in  parish  No.  2. 

From  B  to  C  we  will  take  to  be  5  tmhs,  of  which  1  mile  is  in 
parish  No.  2,  3  miles  in  parish  No.  3,  and  1  mile  in  parish  No*  4* 
From  C  to  D  we  huve  2  miles — 1  mile  in  parish  No.  4,  and  1  mile 
in  parish  No.  5.  From  D  to  E  is  B  miles,  of  which  1  mile  is 
in  parish  No.  5,  and  5  miles  in  parish  No.  6. 

The  most  convenient  mode  mil  be  to  tabulate  the  details,  and 
the  results  will  become  apparent 
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The  .preceding  Table  deadj  ahows  the  earnings  between  each 
separate  station  and  also  in  each  parish.  The  lowing  table 
shows  the  fallacy  of  taking  a  general  ayerage  of  the  receipts  to 
guide  the  valuation  of  a  separate  parish ;  it  being  quite  evident 
that,  if  the  length  of  line  in  each  of  these  parishes  were  let  to  a 
separate  tenant,  the  length  in  parish  No.  3,  would  be  worth 
infinitely  more  rent  than  that  in  parish  No.  6 : — 


Parish. 

No.  of 
Miles. 

GroBB 
Ettrnings. 

Eanungs 
per  l£Uie. 

No.  1 
«  2 
3 

«  4 
„  5 

„  R 

5 
3 
3 

2 

2 

5 

£ 

137,500 
89,000 
102,000 

64,000 

49,500 

97,50*") 

27,500 

29,666.6 

34,000 

32,000 

24,750 

19,500 

Total 

20 

539,500 

26,975 

General  Average. 

Union  valuations  have  been  spoken  of  for  the  purpose  of 
equalising  assessments. 

The  real  fact  is  that  there  should  be  one  univeml  assessment 
throughout  England  and  Wales  entrusted  to  the  central  authority 

of  one  corapcteiit  surveyor,  who  shoiild  select  some  500  or  1000 
ao'-f".-  of  arable  and  meadow  land,  and  in  the  most  oarcf'ul  manner 
estiniatc  it?  vnlne  ncr^ording  to  its  productiveness.  The  average 
price  of  com  III  ion  which  this  estimate  is  based  should  be  preserved, 
as  a  standard  ior  regulating  the  vahiation  at  any  future  time  when 
higher  or  lower  prices  might  prcvaih  The  object  of  vahiing  these 
lUOO  acres  wouhl  be  to  afibrd  a  test  to  the  ideas  of  the  several 
valuatorB  who  might  be  engaged  in  the  work,  and  as  a  means 
whereby  uuiiurmity  might  be  attained.  Every  valuer,  upon  com- 
pleting the  valuation  of  a  parish  or  district,  should  proceed  to  the 
valuation  of  the  1000  acres.  If  his  value  of  it  is  in  excess  of  tiic 
standard  estimate,  the  valuation  he  has  previously  made  must  be 
reduced  accordingly.  This  will  be  found  (it  is  suggested),  a  very- 
sound  way  of  securing  equaUty  of  rating,  far  preferable  to  any 
other.  Most  valuers  have  impressed  upon  their  minds  a  certain 
scale  of  prices  for  all  kinds  of  lands,  and  it  is  of  little  use  to  show 
them  any  other  standard  whether  higher  or  lower :  for  if  the  doing 
so  influences  them  at  all,  it  only  has  the  eflfect  of  causing  them 
to  conunit  irregularities  of  which  they  would  not  otherwise  have 
been  guilty  by  causing  them  to  put  some  fields  higher  or  lower  as 
the  case  may  be,  while  others  they  assess  at  their  own  standarcL 


SPECIMEN  of  the  Mode  of  WEIUNG  OUT  the  VALUATION 


3 


5 


e 


Name  or  Situation  of 

each  Field  or 
Pajcei  01  f  roperty. 


Bam  Field  

Long  Field  

Little  Mend*  

Qreat  Mead  

Gnrjiou  .  

Oxted  Field  

Barn  and  lard  . . . 
Cottage  and  CJarden 

Lane  End  Field  . . 

Upper  Down  

Middle  Down  .... 
Lower  Down  .... 

Drove  Lane  

Barn  and  Yard  . . . 

Stable  Mead  

Orchard  

Lawn  Pasture .... 
HoQse  and  Garden . 


tion  or 

I'j  ouc  oi 
CultiyatioQ 
of  each. 
Field  or 
Parcel  of 
xToperty. 

"N  on 
Map  (if 

there 
beany.) 

Qtinntity  of 
eaoii  i*"ield 
or  Parcel  of 
Property. 

Total  Qttan- 

tity  in  each 
lialding 
which  Is 
wparately 
iiftted. 

Gross 
Estimated 
Rental  of 
each  Hold- 
ing whichis 
separately 

Bated. 

Rateable 
Value  of 
eacliHold- 
ingwhichli 
separate  Iv 
Bated/ 

Arable . 

lb 

A. 
9 

E. 

2 

p. 
16 

A 

R. 

F. 

ii 

8. 

<L. 

Arable . 

19 

10 

2 

1 

Crrass . . 

OK 

1 

3 

11 

urraoB  .  . 

AO 

19 

2 

10 

t 

Arabic  • 

31 

3 

1 

Arable . 

•  ••••• 

OO 

on 
SS9 

29 

0 

0 
0 

30 

j 

30 

0 

1 

0 

102 

2 

35 

150 

0 

0 

140 

0 

0 

iiraiiie  • 

Ol 

53 

2 

16 

Am.KIa 

19 

1 

10 

Arable . 

33 

22 

3 

10 

AraDie  • 
...... 

Oil 

65 

1 

1 
1 

10 

12 

...... 

ob 

0 

1 

20 

120 

2 

38 

180 

0 

0 

175 

0 

0 

Grass . . 

131 

$ 

1 

10 

Grass . . 

132 

1 

1 

20 

1 

Grass . . 

133 

0 

1 

10 

134 

0 

3 

20 

10 

3 

70i() 

0 

00 

0 

0 

in  the  Fom  Prescribed  hj  ihe  Poor  Law  Commisnoners. 


8  9  10  11 


Name  or  Situation  of 
oach  Holding  which 
»  B^ftrately  Bated. 

Des..i j[.t>ou  of  eadi 
Holding  which  is 
aepanitely  Bated. 

1 

Name  of  Occu]ner  of 
each  Holding  which 
is  sefMurately  Bated. 

No.  in 

Bate 

Book. 

Name  of  Owna  of 
each  Hbldhig  wUch 
is  separately  Bated. 

Btmker'B  HUI 

Fann  and  Lands 

Smith,  John 

Oadow,  Earl  of 

0OW11  Fann 

Down  Land 

Smith,  John 

Derry,  William 

llaaor  House 

House  and  Land 

Smith,  John 

Himaelf 

SPECIMEN  OF  FIELD  BOOK, 


Occ7ipi(  )\  Higging,  James 


Kob  on 
Plan. 


16 
17 
18 

23 
24 
25 
26 
27 
28 
29 
30 
36 
38 
39 
40 
41 
42 
44 

4o 


Nameof  JieU. 


Bam  Field  

Fonse  Brook.  

Long  Mead  

Hazle  Field  

Pond  Field.  

Loainplt  Field  

Common  Field  

Qaany  Field  

btatiou  Jbieid  

Windmill  Hill  

Garson  

Lengtli  Forlong  

First  Home  Mead  

Second  Home  Mead . . . 
Large  Home  Mead  ...  * 

The  Vineyard  

Cherry  Orchard  

Oxford  

Lock's  Farm  

AllotmeEt  Field  


State  of 
Cultivation. 

Quantity. 

Price  per 
Aor«. 

A. 

R. 

p. 

o 

\  i 

30 

tiUv. 

9 

Q 

I'.i 

O 

0 

9US. 

4 

o 

6 

Saos. 

A  mVIa 

2 

mm 

1 

16 

lot. 

A  mVI^ 

R 

1 

30 

Otf* 

5 

9 

10 

07^    L'  J 
iQM.  OCt. 

A  mUIa 

9 

1 

X 

16 

A  «»U1a 

10 

2 

13 

6 

30 

«0«. 

A  •.^UIa. 

9 

2 

id 

18 

AM*  DO* 

A 

10 

1 

13 

DC*. 

^  1.  

o 

.  > 

16 

5 

1 

13 

11 

2 

16 

42».  6<;. 

Grage ,  

15 

3 

30 

42£.  6(i. 

10 

2 

9 

45k. 

15 

8 

1 

40i. 

(Homestead. . . 

1 

3 

10 

[HooeedbGarden 

0 

1 

10 

48 

1 

10 

190 

<> 

5 

Deduct  for  Tithe,  Insurance,  and 


With  reference  to  the  form  of  Vahiation,  it  is  neceseaiy  to  obeerve  that  the 
three  owners,  three  valuations  are  required  to  be  stated. 


recommended  for  a  PARISH  VALUATION. 


Owmr^  Lougt  John 


Ydne. 

Gross  Bcntal. 

Bateable  Value. 

Bemarks. 

8. 

d. 

£ 

8. 

d. 

8 

18 

1 

1 

15 

10 

Rosily  and  poor. 

8 

5 

0 

6 

13 

6 

2 

2 

6 

Unbaudy ;  wet. 

6 

16 

0 

7 

13 

0 

11 

13 

9 

11 

18 

0 

Gravelly  ob  brow. 

7 

8 

5 

10 

16 

3 

14 

4 

0 

5 

14 

0 

10 

13 

o 

o 

24 

12 

9 

33 

17 

4 

23 

17 

10 

31 

10 

3 

Bums. 

26 

0 

0 

78 

10 

1 

|35/;  i32/6i  J  30/ 

830 

19 

10 

331 

0 

0 

280 

0 

0 

.^1 

0 

0 

value  of  each  separate  holding  rnnst  be  given.  8o  that^  if  one  occapier  bold  of 
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CHAPTER  XX 
BUILDEES'  PEICES. 
SscT.  'L—Carpenter^  and  Mner^  Pnees* 
B00F8> 


At  per  square  of  100  feet  tuper/icial. 


Labour. 

Nails. 

«. 

d. 

d. 

Common  »bed  roofs,  one  story  high        .            .  3 

3 

1 

0 

The  same,  with  paflins   ,                       .      .  4 

0 

1 

& 

If  two  stories,  add    .           .           .  .0 

6 

0 

0 

If  three  storiesy  add       .           .           .      .  1 

0 

0 

0 

Common  span  or  valley,  with  purlins  and  rafters,  two 

stories  high         .  .6 

0 

2 

0 

If  three  stories,  add                     .            .      .  0 

6 

0 

0 

Beamed  roofs,  with  collars,  dove -tailed  into  sides  of 

raflers,  notched  to  receive  purliua,  auid  filled,  in 

with  common  rafters           ,             ,  .9 

6 

3 

Roofs  framed,  with  principals.  Icing  posts,  purlins. 

braces,  and  common  rafwrb          .            .      .  13 

5 

4 

0 

The  same,  wiih  Mags  and  queens          .  .15 

9 

4 

0 

Common  onrb  roofs  on  one  Bide                  .      .  5 

7 

2 

If  two  sides,  add      .           .           .  .0 

6 

0 

0 

If  three  sides,  add         .                        .      .  1 

0 

0 

0 

If  above  two  stories,  add  .0 

6 

0 

0 

The  timber  to  he  metisured  comH  taken  at  per  foot  cvhe* 
NAKED  VLOOB8, 


At  per  s([uare. 


Labour. 

NaOs. 

Ceiling  floors,  joists  only 

2 

11 

1 

6 

The  same,  framed  with  tie  beams 

4 

2 

1 

9 

The  same,  wltii  binding  and  ceiling  joists  . 

5 

0 

1 

11 

Ground  joists  bedded,  but  not  framed 

2 

6 

1 

6 

The  9mne,  pinned  down  on  plates,  and  framed  to 

ehimnies           '  . 

4 

2 

1 

6 

Single-framed  iloors,  trimmed  to  chimnies  and  stairs 

5 

3 

1 

9 

If  above  9  inches  deep     .             .             .  . 

7 

10 

0 

0 

Framed  with  gird^  and  cased  bay» 

8 

6 

3 

0 

Framed  with  girders,  binding,  bridging,  and  ceiling 

joists          .           .  ... 

12 

6 

4 

0 

BDILDEBB'  PIKICEB.  661 
QUABTEB  PABTITIOlTBy 

Labour.  Natli. 

At^er  9^mre,  d  s  d. 

Common  4  inct  braced  partitioiiB           .  ,4618 

Do.     5  inch          do.              .  ,.5316 

Do.     B  inch          do.        .             ,  .5616 

Truss-framed  with  king  postB         .  ..8816 

Do.            with  king  and  q^ueen  posts  .  .  10     0       0  0 

If  oak,  extra  one-fhird. 


LABOUR  OK  VIB  TIMBEB» 

Atjper/ooi  cuie* 

Cube  ill  bond*  .  ,  .  ..04 

Do.    framed       .  .  .  .08 

Do.    tnus  framed      .  .  .      .   0  10 

Do.    framed  and  cliamfeied  .  .  0  10 

Do.  wrought  and  framed  .  ..11 
Do.  wrought,  framed,  and  rebated  ,  .18 
Do.  wrought,  framed,  rebated,  and  headed  .  1  6 
Do.  wrought,  framed,  related,  and  doable  beaded  1  8 
Do.     proper  door  eases  ,  ,      ,    1  11 

Plaoing  fir  per  foot  saperticial  .  .  .01 

LABOUB  ON  DBALSy 

At  per  /oot  ngperfidal* 
For  deda  from  }  in.  to  1^  in.  thick — 


it 

edges  shot  . 

.  0 

i 

n 

.  ti 

plugged 

,  0 

i 

tf 

it 

jacked 

.  0 

i 

ti 

tt 

rounded 

.  0 

i 

it 

ti 

planing  on  each  side 

.  0 

1 

» 

it 

grooved     .  . 

,  0 

1 

it 

ti 

rehated 

.  0 

1 

it 

it 

ploughed  and  tongued 

.  0 

1 

t» 

it 

framed  . 

,  0 

1 

» 

tt 

battened 

.  0 

1 

tt 

it 

mitred 

.  0 

1 

ti 

it 

scribed 

.  0 

1 

H 

it 

backed 

.  0 

1 

ti 

a 

throated 

.  0 

1 

If 

tt 

clamped 

.  0 

1 

n 

it 

beaded 

.  0 

1 

♦  Bond  timb^  wall  [dates,  wood  toicks,  pole  and  curb,  ^,are  all  to  be  onderthe 
head  dbond. 
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BUUDERS'  PRICES. 


Labonr. 

lis  from  4  in.  to  1|  in.  tiiick — 

Mm  CI* 

>t 

ff 

cot  drcular 

A  14. 

»» 

ff 

cut  standardB  • 

f* 

tf 

sunk  stelves 

.  0 

ff 

f* 

i&colloped 

.    yj  ""t 

»» 

f* 

ledged 

» 

ft 

dovetailed 

.  U 

lis  from  2  to  3  in.  thick — 

» 

ft 

.    U  1 

H 

If 

A  1 

t* 

It 

A  1 

.    U  1 

n 

If 

A  1 

tf 

tf 

planing  (m  each  ude 

A  11 

»> 

If 

grooved    .  . 

A  11 

ir 

ft 

M 

ft 

piouguea.  ttuu  vou^ueu. 

A  11 
.  U 

»» 

It 

ufluieci           •  . 

A  1± 

» 

tf 

battened 

A  11. 
U  if 

tt 

mitred 

A  li 

» 

II 

scribed 

A  1i 

»> 

bailed 

A  11 

tl 

throated 

.   0  1| 

» 

If 

clamped  • 

•   0  1^ 

M 

ft 

beaded 

A  11 

ft 

tl 

cut  circular      .  . 

A  Ol 

M 

It 

cut  standards  • 

A  Q 

It 

VBoik  slielysB    .  * 

.   0  3 

tf 

sooUoped  , 

.   0  3 

M 

ft 

ledged 

.  0  3 

f) 

n 

dovetailed  . 

.   0  3 

Nails. 


BATTSNIHO  TO  WALLS, 
At  per  sgueure, 

I  in.  to  1|  in.,  12  in.  €rom  centre  to  centre  . 
If  plngged  to  walls,  add 
Wall  hooks  add  extra 

At  per  ipMre* 

Bongli       •         .        *         .  • 

„     splayed  edges  .... 
Wrongkt  .... 
Wrought  and  beaded  .... 


3 

0 

2 

0 

0 

10 

1 

0 

0 

0 

0 

0 

2 

1 

2 

0 

3 

5 

2 

0 

6 

0 

2 

0 

6 

3 

2 

0 

BDILDEBff  E 
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BOUGH  B0ABI>INO> 


Labour. 


NailB. 


• 

d 

^  men  QBUf 

rougn  .            .            .  , 

0 

6 

-t 
1 

6 

7* 

eugOH  snot  .             .             ,  , 

0 

4 

i 
1 

D 

» 

ploughed  and  tongned        •  * 

a 

9 

1 

/» 
D 

rougn            .           ,              .  . 

0 

9 

rv 
U 

edges  shot 

3 

6 

2 

0 

ploughed  and  tongned 

4 

7 

2 

0 

Whole  deal, 

rough  .           ,           .  . 

2 

11 

3 

0 

t* 

edgesshot  .                       ,  . 

3 

9 

3 

0 

ploughed  and  tongned 

5 

2 

3 

0 

in,  oeu. 

rongh       •           .           ,  , 

Q 

>i 
4 

A 

b 

GUgCB  SIlOb               *                   »  . 

M 

4 

Q 
t> 

» 

piougneii  ana.  longaea  .  • 

Q 

DBAI4  FL00B8, , 

At  per  $£uare» 

men  oeaiy 

roogn  edges  snot     .        .  4 

A 

3 

10 

■t 
1 

6 

wrougni^  loiGung          .         .  , 

if 
0 

1. 

BEnugncjouu           .          *  « 

7 

b 

1 

i> 

wjioie  aeiUy 

rough  edges  shot 

4 

0 

u 

wrought  folding 

6 

U 

» 

wrought  straight  joint*  splayed) 

8 

10 

3 

0 

headings        .          .          .  j 

do.  do.  dowcllcd 

15 

10 

^ 

0 

li  inch  deal. 

rough  edges  shot          .  . 

4 

7 

2 

6 

wrought  folding 

6 

8 

2 

6 

wrought  straight  joint,  splayed  heading  10 

0 

3 

0 

if  ploughed  and  tongned  headings,  add 

1 

6 

0 

0 

if  ploughed  and  tongned  edges,  add 

2 

7 

0 

0 

» 

for  tongnes  to  edges  of  boards,  add  . 

4 

2 

0 

0 

BATTBN  FL00B8, 

At  per  i^[tiare» 

Ineli  wtouglit  folding 

7 

D 

c 
D 

Inch  wrought^  straight  joints  ^played  headings 

9 

U 

A 

/» 
0 

Inch  and  qtiatter  wrought  folding  . 

8 

4 

2 

6 

Bich  and  quarter  straight  joint,  splayed  headings 

10 

10 

3 

e 

The  same  dowelled                             .  . 

20 

10 

5 

0 

If  ploughed  and  tongned  headings,  add 

2 

2 

0 

0 

If  ploughed  and  tongned  edges,  add        .  , 

3 

9 

0 

0 

For  tongues  tc 

>  edges  of  battens,  add  . 

6 

3 

0 

0 

If  batteM  less  than  5  inch,  add 

1 

8 

0 

0 
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FBAHBD  GBOT71ID8, 

Labour 
and  Nails. 


Oommoii  framed  groundB  .  .                      0  4: 

1  incli  do.,  ploughed  for  pkatering  .  .04 

\\  inch  do.      do.      do.  .            .            .           0  5 

1§  inch  do.      do^     do.       .  .           .  .05 


BKIBTINQS, 
Atfvr  foot  $uper, 

Pkdn  ekirtingB  . 
Do.      do.      raking  ont  to  atepe 

Torus  skirtings  . 
Do.      do*      raking  cut  to  ateps 

OUTTKBB  Am>  BEABBRS^ 

At     foot  «t*per. 

Inch,  or  whole  deal     .         •         .         .         •         .0  4^ 

XK>OB  LTNINGSy 

Atjper  Joot  siiper. 
Plain,  single  rehated  .  .  < 

1' lain;  single  rebated^  and  beaded  * 
Flam,  doable  rebated 
Plain,  doable  rebated,  and  doable  beaded 
Sqoare  framed  jamba,  each  In  2  panela,  and  aoffit  in 
1  panel  .  .  .  < 

If  bead,  butt,  or  moulded,  add 
Bead,  flnah,  or  quirk  moulded,  add 
liaised  panel  anrl  moulded,  add 
For  every  extra  panel,  if  squMre 
Do.  EubIi  or  moidded      .  .  • 

If  doable  rebated  .... 
If  double  beaded  .  .  •  . 

liBDGED  DOOBSy 
Atjper  foci  auper. 


\\  rough  edgea  ahot             .  .            .  .04 

Add,  if  plooghedandtongoed  .           •  Of 

if  ploog^ed  and  beaded  .         .0  1^ 

if  wrooght  each  aide  .           .           •           ^  % 

ifbraced   .           ,  .            .           .      0  1^ 

if  hung  folding  .  .             .            .            0  1^ 

if  1  inch  thicker       .  .            .  .03 


0  2 

0  4 

0  4 

0  o 


0  8| 

0  Si 

0  4 

0  5 

0  6 

0  I 

0  \\ 

0  2^ 

0  li 

0  \\ 

0  li 

0  I 
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FBAM£I>  FARTITIONF 


At  pet  fiHut  twper, 

X\  inch  square  framed 

2  incli   do.      do.         .  . 

Add,  if  bead,  1>utt»  or  moidded 

if  bead,  fliuh,  or  quirk  moulded 


n 


Labour  &  Nails. 
«.  d> 
0  4 
0  ^ 

0  4 

0  3i 


D£AL  MOULDINGS, 

Fiaced  eompUte,  at  per  Jbot  wpet. 

Common  mouldings  .  .  ,  .  . 

Add,  if  quirked  .  .  .       .  . 

SmwM  moiddinffs  can,  be  meamtred  eUper  foot  rtm. 

DOOKS  HUNG  COMrLEii;, 

At  per  foot  tvper. 
Two  panel  square  framed  •  .  .  . 

Add  for  every  additional  2  paiielfr~- 
If  framed  square. 
For  1^  incb  deal  ... 

2  inch  do.  .  .  .  . 

2}  inch  do.  .  .  . 

If  framed  bei^,  butt,  and  square. 

For  1|  inch  deal        .  ,  .  .  , 

2^  inch  do,  ■  .  .  . 

If  framed  bead,  flush,  and  square. 

For  1^  iiich  deal     .  .... 

2  inch  do.      .  .  ,  .  , 

2J  inch  do.  .  .  .  .  . 

If  framed  quirk  0. 0.  and  bead,  and  square,  or  quirk 
Oy.,  and  bead  and  square, 
Pot  1 J  inch  deal  .... 

2J  incb  do.     .  .  ,  . 

If  double  marquis,  4|  inch  \sade 

f,       „  or  6  inch  wide 

Hung  folding         .  .  .  ,  , 


WINDOW  LININGS, 

At  per  foot  super. 

Inch  deal,  two  panel  square,  framed  buck  lininga 
„       if  bead,  butt,  or  moulded,  add 
„       if  bead,  flush,  or  quirk  moulding,  add 
For  each  panel  above  two,  if  square 

if  moulded 
if  splayed 

2  T 


»» 


0  8 
0  I 


0  4 


0 
0 
0 

0 
0 

0 
0 
0 


1 
H 

n 
1* 

IJ 

2 
2J 


0  IJ 

0  1} 

0  1| 

0  2i 

0  i 


0 
0 
0 
0 
0 
0 


6 

I 

H 
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WINDOW  BAOKS>  ELBOWS,  AND  SOFFITS, 

At  per  fact  niper. 

Inoh  deal,  plain  keyed,  or  two  panel  Bqoare  bacb 
Do.      two  paad  aqtiaie  badiB,  elbows,  and  soffits 
Add,  for  each  panel  above  three, 

if  splayed .         .        .         •  • 

if  bead,  butt,  or  moulded 
if  bead,  fluah,  or  quirk  moulded  . 


Labour  &  Nails. 
I.  d. 

.     0  5 

..06 


0 

0 
0 


1 

f 


BOXINGa  10  WIKDOWBj 

Atpeffooi  tvper. 

Framed,  rebated,  and  beaded  boxings 
Splayed,  flush,  rebated,  and  beaded  boxings 

INSIDE  WINDOW  SHUTTEBS, 

Atj^  foot  super. 

I  inch  deal  clamped  flaps  in  one  height 
Inoh  deal  two  panel  Bq[iiare  in  one  height 

For  every  panel  above  two. 
If  framed  square  .         .         .        .  . 

If  bead,  butt,  or  moulded  ... 
If  bead,  flash,  or  quirk  moulded 
Quirk  O.  G.  and  bead,  or  quirk  ot.,  and  bead  and 

square       ,  .  .  .  .  • 

For  every  extra  height,  add 

SASHES  AKD  FRAMES  HUNG  OOMFLBTE, 

Ai,  jper foot  super. 

Sashes — 

1|  inch  deal  ovolo  Bashes        .         .  •  • 

Do.   wainscot  or  mahogany 
If  2  or  2|  inch  sashes  deal,  add 
If  do.  wainscot  or  mahogany,  add  • 

If  astragal  and  koUow  in  deal,  add 
If  do.  in  wainscot  and  mahogany,  add 

Frfiraes — 

Deal  cased  frames,  oak  siiiik  sills,  double  pulley,  P.  B. 

and  P.  S.,  single  liimg        .  .  • 

If  prepared  for  2  or  2^  saslies,  add 
If  prepared  with  wainacot  or  maliogauy  P.  P3** 

and  P.  slipB  ..... 
If  for  2  or  2}  ineli  sashes,  add 
If  double  htmgy  add  »  • 


0  6 
0  7 


0  7 

0  7i 

0  IJ 

0  14 

0  li 

0  li 

0  I 


0  3 

0  4 

0  lt| 

0  li 

0  i 

0  li 


0  4: 

0  i 

0  5 

0  1 

0  I 
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8TAIBCABB8« 

M  per  foai  mper.  ^ 

Ck)minon  stepa  and  risers,  and  two  fir  earriagea  .  .04 

Bo.  moulded  nosings  and  dose  strmgs  .    *     0  6 
Do.      do.     mitred  to  cut  string  boards,  and 

dovetailed  to  balustres             .         •  *  .07 

Add, 

If  winders,  circular  one  end    .           .          •  .    .     0  2J 

Do.   do.    circular  two  ends  .  .05 
Bo.   do.    o:eometrical,  with  wrou^t  and  blocked 

carnages     .  .  .  • 

Riser-tongue d  to  step  bottom  edge      .          .  .  .     0  1^ 

Bo.    do.    both  edges            .             .          .  .     .     0  2J 

Featiher-toiigaed  joints                 .         •  •        .     0  11 
Add, 

Quarter  curtail,  j^ned  uprigH  each  .  ..34 

Bo.  blodced  and  veneered,  each           .  .         .     6  10 

Proper  curtail,  step  and  riser,  each     .  .         .    .   11  0 

Betiirn  monldcd  nosing,  each             .          .  .  .13 

Eetum  circular,  each      ,             .          •  .  ..21 

Plain  cut  bracket,  each          .           .          •  .  ,13 

Circular  cut  bracket,  each             .         ,  .  ..21 

Housing  to  step  and  riser,  each           .         .  .  .06 

„      to  winden,  each            .         .  .    .     0  7} 

„      to  moolded  nodng^  each      .         .  .         .     0  10 

„      to  curcular  ends,  each      .  .    .     2  3} 

OUTSIDE  STBmOS  TO  8TAIBS, 

At  per  foot  svper. 

Whole  deal  plain            .             .             .  .,06 

Whole  deal  sunk      ,              .              .  .  ,06 

Whole  de^l  sunk  and  moulded         .            .  ..06^ 

Whole  deal  e\m\i,  moulded,  and  cut          .  .  ,08 

Whole  deal  sunk,  moulded,  cut,  and  mitred  to  risers     .  .0  8^ 
If  wreaihed,  four  times  the  above. 
If  ramped,  once  and  a  hall 

WALI.  STBnrOSy 

M  per  foot  svper. 

Plain  and  plugging             *          .         •  *  .05 

If  moulded,  add .            .         ,          •  .  ,.01 

If  rebated  for  plastering,  add  .         .     0  If 
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DADOS, 

At  per  /hot  stater. 

Proper  dado,  with  dovetailed  keyB»  Jomte  seoored  with 
8Eps>  and  dovetaOs  bong  to  groondB  by  grooves 
keyed  into  do.,  and  dado  • 

Add, 

If  raking,  bribed  to  steps      .  .  . 

If  raking,  scribed  to  moTildcd  nosings 

If  base,  grooved  into  floor         .  .  , 

For  each  external  mitro  beyond  two  in  a  room 

If  circular  on  the  plan,  double  tlie  above. 

If  wreathed,  treble  the  above. 

COLUMNS  AKD  PILASTEBS, 

At  per  foot,  super. 
1|  inch  deal  plain  pilasters,  properly  glued  and 


blocked  .  •  .  .         .      0  6| 

Do.       do.        dimiuishcd    .  .  .  ..09 

1\  inch  deal  diminished  columns,  properly  glued  and 

blocked,  under  14  inchee  diameter  .  .21 
Do.      do.      above  14  inches  diameter           .  .19 
Add,  for — 

ArriB  or  deep  fluting  to  pilasters,  one  inch  wide  .      0  1^ 

„  ft  „     two  inches  wide  .  ,  0 

„  »  „     three  inches  wide  ,         .      0  2| 

Arria  or  deep  Anting  to  columns,  one  inch  ^dc    .  .  0 

„  „  „      two  inclloa  wide  .  .0  2^ 

ji  f,     three  inches  wide  .      0  3^ 

Straight  grooves  to  columns  .  .  ,  .       0  1| 

Headings  to  flutes  to  oolomng  .  .  .0  1: 

Straight  grooves  to  pilasters  .         .  .         .      0  | 

Headings  to  Antes  to  inlasters  .  .      0  2| 


In  the  foregoing  list  of  Oarpenteis*  and  Joiners*  Prices,  aU  calcnlations 
in  respect  of  materials  have  been  omitted,  owing  to  the  very  unsettled 

state  of  the  market  at  the  present  time,  (March,  1853,)  and  the  fluctu- 
ations to  which  it.  is  subject.  The  charges  for  labour  being  less  affected 
by  fluctuations  of  a  similar  nature,  can  be  more  satisfactorily  relied  on  as 
permanent  approximations  to  reasonable  remuneration  to  the  tradesman  ,  and 
may  conBec[uently  be  taken  as  u  basis  for  estimates  for  some  years  to  come. 

The  timber  mnst  be  added  at  \t&  measured  value,  according  to  market 
price  at  the  time  being.  The  method  of  aacertaming  the  value  of  a  cube 
foot  of  timber  from  the  prime  cost  prices  is  given  in  the  Chapter  on  Arti- 
Aoers*  Work,  and  the  following  Tables  will  be  found  usefbl. 


Labour  i!^  Nails, 
s.  d. 
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TS>bl6  showing  the  Length  of  Timber  of  any  Scantling  contained 

in  a  foot  cube. 


liength. 

SpfLntlinty 

Length. 

ScsLiitlinfir« 

liength. 

in.  io. 

ft. 

IB. 

ill.  in. 

ft. 

in. 

in.  in. 

ft.  in. 

36 

0 

4^4 

9 

0 

6-10i 

2  3 

Si 

28 

9 

4} 

8 

0 

11 

2  2 

3 

0 

6 

7 

2 

IH 

2  1 

8| 

20 

7 

5| 

6 

6 

12 

2  0 

4 

18 

0 

6 

6 

0 

7-7 

2  11 

M 

10 

0 

6} 

d 

6 

n 

2  9 

6 

14 

5 

7 

6 

1 

8 

2  G 

5| 

13 

1 

7J 

4 

9 

8J 

2  6 

6 

12 

0 

8 

4 

6 

9 

2  3 

6^ 

11 

1 

8* 

4 

3 

9} 

2  2 

7 

10 

a 

9 

4 

0 

10 

2  1 

7i 

9 

7 

3 

9 

101 

1  11 

8 

9 

0 

10 

3 

7 

11 

1  10 

8 

6 

3 

5 

IH 

1  9 

9 

8 

0 

11 

d 

3 

12 

1  8 

7 

7 

8 

2 

8-8 

2  3 

10 

7 

3 

12 

3 

0 

8* 

2  1 

n 

10 

5-5 

5 

9 

9 

2  0 

\\ 

6 

6 

5,1 

6 

3 

«l 

1  10 

11} 

6 

4 

6" 

4 

10 

10 

1  9 

12* 

0 

0 

6i 

4 

5 

lOj 

1  8 

16 

0 

7 

4 

1 

11 

1  7 

31 

18 

8 

7i 

3 

10 

lU 

1  7 

4 

12 

0 

8 

3 

7 

12 

1  6 

8 

a 

5 

9  —  9 

1  9 

5 

9 

7 

9 

3 

2 

9J 

1  8 

6} 

9 

0 

3 

0 

10 

1  7 

6 

8 

0 

10 

2 

10 

10} 

1  6 

61 

7 

4 

lOj 

2 

9 

11 

1  5 

7 

0 

10 

11 

2 

8 

11} 

1  4 

6 

4 

2 

6 

12 

1  4 

I* 

6 

0 

13 

2 

4 

10-10 

1  5 

8i 

5 

8 

6-6 

4 

0 

101 

1  4 

9 

6 

4 

3 

8 

11 

1  4 

9i 

5 

0 

?* 

8 

5 

m 

1  3 

10 

4 

10 

7* 

3 

12 

1  2 

10| 

4 

6 

8 

3 

0 

11  - 11 

1  2 

11 

4 

4 

? 

o 
^ 

10 

iij 

1  2 

11} 

4 

2 

2 

8 

12 

1  1 

12 

4 

0 

o 

6 

12  —  12 

1  0 

10 

2 

5 
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Table  showing  the  Price  to  be  charged  per  foot  run  for  Scantling 


of  Fir,  or  other  Timber,  calculated  at  varions  Prices  pet  foot  cube. 


Bs.  Od. 

3^. 

St. 

3^.  0^. 

Da. 

per  ft.  cube. 

per  it.  cube. 

per  ft.  cabe. 

per  ft.  cube. 

per  ft.  cub«. 

r>pr  ^  ciiKf* 

3-2 

0 

1 

0 

1 

0 

5-7 

0 

7^ 

0 

8t 

0  lOi 

2i 

0 

0 

H 

0 

m 

7| 

0 

8 

0 

0  li[ 

8 

0 

Ik 

0 

Ih 

0 

If 

8 

0 

0 

10 

1  0 

3i 

0 

u 

0 

ll 

0 

0 

9 

0 

10| 

1  0| 

4 

0 

0 

2 

0 

9* 

0 

9^ 

0 

*  € 

1  li 

4J 

0 

2 

0 

0 

2| 

9} 

0 

lOi 

0 

1  21 

5 

0 

0 

0 

3 

10 

0 

io§ 

I 

0* 

£ 

1  3| 

0 

^ 

0 

0 

8^ 

10| 

0 

• 

\ 

U 

4 

1  3| 

6 

0 

0 

8 

0 

sX 

11 

0 

11* 

* 

I 

If 

1  4 

6J 

0 

0 

^ 

n 

4 

11| 

1 

0 

] 

4 

1  4i 

7 

0 

3 

0 

0 

•H 

1« 

1 

I 

3 

1  5i 

7J 

0 

3k 

0 

3| 

0 

6  6 

0 

0 

9 

0  101 

8 

0 

3} 

0 

4 

0 

4* 

0 

0 

9| 

0  114 

Bi 

0 

3| 

0 

0 

6 

7 

0 

8| 

0 

104 

* 

1  Oi 

9 

0 

H 

0 

H 

0 

^\ 

7| 

0 

9| 

0 

lU 

1  14 

4 

H 

0 

0 

4f 

0 

8 

0 

9| 

0 

1  2 

10 

0 

0 

5 

0 

6 

81 

0 

10 

1 

01 

1  3 

0 

0 

0 

6i 

9 

0 

111 

\ 

u 

1  8| 

11 

0 

0 

H 

0 

91 

1 

0 

1 

1  4| 

111 

0 

6 

0 

0 

10 

1 

3 

I  ^ 

13 

0 

6 

0 

a 

0 

7 

10| 

1 

H 

1 

81 

1  64 

3-3 

0 

2 

0 

0 

2| 

11 

1 

If 

1 

4| 

1  7i 

^ 

0 

2i 

0 

H 

0 

1 

2^ 

1 

t 

4 

0 

2^ 

0 

8 

0 

12 

1 

\ 

G 

1  9 

41 

0 

8 

0 

0 

4 

7-7 

0 

lOi 

01 

1  2i 

5 

0 

Z\ 

0 

3| 

0 

4i 

0 

11 

] 

H 

1  3i 

^ 

0 

3h 

0 

41- 

0 

5 

8 

0 

11* 

J 

2 

6 

0 

3| 

0 

0 

H 

OJ 

I 

3 

1 

_  z.* 

Gi 

0 

0 

5 

0 

9 

1 

U 

4 

8} 

1  64 

• 

7 

0 

0 

5} 

0 

el 

94 

1 

2 

1 

4| 

4 

1  7A 

7i 

0 

• 

Q 

0 

10 

1 

21 

1  84 

8 

0 

6 

0 

6 

0 

7 

10^ 

J 

8^ 

J 

64 

1  94 

0 

55 

0 

^1 

0 

11* 

1 

4 

7i^ 

1  inj 

Q 

0 

0 

6| 

0 

8 

lU 

4 

1 

1  111 

0| 

0 

e 

0 

jO 

f 

51 

12* 

J 

9| 

2  04 

10 

0 

0 

0 

8iJ 

8-8 

J 

4 

4* 

1  7 

0 

61 

0 

8 

0 

%\ 

I 

d 

1  8 

11 

0 

7 

0 

0 

10^ 

9 

1 

8 

2 

6 

1  9 

lU 

0 

7J 

0 

0 

9| 

1 

4 

2 

7 

1  10} 

IS 

0 

7i 

0 

0 

10 

1 

6 

2 

8 

1  iH 

4-4 

0 

3f 

0 

4 

0 

41 

10| 

1 

6 

9 

2  OJ 

0 

4 

0 

0 

11 

1 

7 

10 

2  1| 

5 

0 

4i  1 

0 

6 

0 

\ 

74 

I 

11 

2  3 

5i 

G 

0 

4| 

0 

0 

12 

1 

8 

0 

2  4 

0 

5 

0 

6 

0 

7 

9-9 

J 

5 

2 

8} 

^4 

9i 

1  Hi 

6.1 

0 

0 

6i 

0 

7? 

'I 

^\ 

J 

6 

2  1 

7 

0 

6 

0 

7 

0 

8i- 

10 

7 

2 

2  2| 

7| 

0 

0 

7J 

0 

9 

10| 

1 

8 

2 

11} 

*  4 

2  d| 

8 

0 

6| 

0 

8 

0 

pi 

11 

8? 

2 

Oi 

2  5 

8^ 

0 

7i 

0 

0 

lo' 

11} 

\ 

91 

2 

2 

2  6^ 

0 

0 

7§ 

0 

0 

10| 

12 

10^ 

2 

3 

2  74 

0 

8 

0 

0 

Hi 

10-10 

10' 

2 

1 

2  7" 

10 

0 

8i 

0 

10 

0 

104 

2 

2i 

2  7i 

10| 

0 

9 

0  10| 

1 

11 

11 

2 

84 

2  8 

11 

0 

0  11 

1 

1 

11* 

2 

0 

2 

2  9| 

0 

0  lU 

1 

12 

2 

1 

2 

6 

2  11 

1*2 

0  10 

1 

0 

1 

§ 

11-11 

2 

U 

2 

2  Hi 

0 

0 

6;i 

0 

1  2 

2i 

2 

3  2 

Si 

0 

6 

0 

7 

0 

!■> 

2 

8* 

2 

9 

8  24 

t  i . 

0 

n 

0 

1 1 

7i 

0 

U  1. 
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Tabl6  diowing  the  Price  to  be  charged  per  foot  run  for  Scantling 
of  Fir,  or  other  Timber*  calcnlated  at  various  Prices  per  foot  cobe. 


Oc(. 

4s.  Qd, 

ds.  Qd. 

Seutllng. 

4s.  Qd, 

4s.  &^ 

5s.  O^f. 

perft.«ab*. 

per  ft.  euba. 

pet  ft.  cube. 

per  ft.  cube. 

per  ft.  eabe. 

peKft.oobi 

0 

u 

0 

1^ 

0 

11 

5—7 

1 

0 

1 

U 

1  3 

91 

0 

11 

0 

2 

0 

2i 

71  ■■ 
'I  1 

1 

Of 

1 

3 

1  4 

B 
O 

0 

2 

0 

2^ 

0 

2J 

K 

0 

1 

1 

41 

1  fi 

SI 

0 

0 

2} 

0 

3 

1 

1 

1  8 

4 

0 

0 

3 

0 

9" 

1 

3 

1 

0 

1  6 

*f 

0 

3 

0 

3.1 

0 

33 

1 

H 

1 

6i 

1  7'i 

5 

0 

3i 

0 

4 

0 

H 

10 

Xv 

I 

1 

71 

1  9 

0 

8| 

0 

0 

4| 

5 

101 

1 

6 

1 

84 

1  9^ 

u 

0 

4 

0 

^ 

0 

IT 

1 

6i 

1 

8| 

1  10* 

Of 

0 

0 

o 

0 

1  1  1 

1 

7 

1 

9i 

2  115 

i 

0 

H 

0 

6| 

0 

6 

I 

8 

1 

lOi 

2  1 

71 

0 

5 

0 

0 

6| 

0 — 0 

1 

0 

1 

U 

A 

o 

0 

H 

0 

6 

0 

6t 

fii 

1 

1 

1 

21 

1  41 

SI 
? 

0 

0 

Qh 

0 

n 

n 

f 

1 

2 

1 

81 

1  64 

v 

0 

6 

0 

0 

'  5 

1 

3 

1 

5 

*f 

0 

0 

n 

0 

8 

0 

1 

4 

1 

6 

1  8 

0 

0 

0 

8} 

81 

1 

6 

1 

7i 

1  91 

0 

7 

0 

n 

0 

9 

q 

1 

9 

1 

^^1 

1  101 

J  J 

0 

7^ 

0 

r 

81 

0 

Ql 

1 

7 

1 

94 

1  114^ 

1 1 1 

0 

"I 

0 

8| 

0 

93 

10 

1 

8 

1 

lOi 

2  1 

10 

0 

8 

0 

9 

0 

10 

101 

lUJ 

1 

9 

1 

11* 

2  ^1 

0 

3 

0 

3J 

0 

3? 

J  1 

1 

10 

0 

n? 

3i 

0 

^ 

0 

4 

0 

H 

1 

11 

*  j 

2  4? 

if 

0 

4 

0 

0 

5 

12 

2 

0 

2 

3 

2  0 

0 

0 

H 

0 

7—7 

1 

4i 

1 

64 

R 

0 

6 

0 

H 

0 

71 

1 

5! 

1 

8 

1  10 

0 

0 

0 

7 

ft 

0 

1 

7 

1 

9i 

1  111 

0 

6 

0 

6| 

0 

n 

84 

1 

8i 

1 

10} 

2  2\ 

0 

64 

a 

7i 

0 

Q 

1 

9i 

1 

Hi 

2  21 

7 

0 

7 

0 

8 

0 

8f 

91 

1  lOi 
1  lU 

2 

14 

2  8} 

71 
'2 

0 

n 

0 

0 

»^ 

1() 

2 

2J 

2  5^^ 

8 

0 

8 

0 

9 

0 

10 

101 

2 

01 

2 

81 

2  0^ 

Of 

0 

8| 

0  93 
0  lOj 

0  10^ 
0  lU 

11 

If 

2 

6 

2  8 

o 

V 

0 

9 

X  A  ?V 

c 

3 

2 

6J 

2  94 

01 

0 

9* 

0  10} 

1 

0 

1'2' 

2 

4 

2 

74 

2  11 

0  10 

0  in 

1 

Oi 

0  Q 

0  0 

1 

9i 

2 

0 

2  3 

IV/ .J 

0 

lOi 

1 

0 

1 

U 

81 

1 

10^ 

2 

u 

2  41 

11 

0 

11 

1 

Oi 

1 

If 

9 

2 

0 

2 

3 

2  6 

lU 

0  lU 

1 

1 

1 

2i 

91 

2 

2 

44 

2  7^ 

1 

0 

1 

1 

3 

10 

2 

2i 

2 

6 

2  9' 

0 

5i 

0 

0 

61 

10^ 

2 

4 

2 

7J 

2  11 

0 

0 

Of 

0 

71 

1 1 

2 

64 

2 

9 

3  01 

5 

0 

0 

7J 

0 

8J 

111 

2 

6| 

2  10J 

8  21 

51 

0 

n 

0 

8i 

0 

9i 

12 

2 

8 

3 

0 

3  4 

6 

0 

8 

0 

9 

0  10 

9—8 

2 

2i 

2 

0 

2  9 

"J 

0 

8f 

0 

01 

0  11 

Git 

2 

H 

2 

8 

2  114 

7 

0 

91 

0  lOJ 

0  llf 

10 

ft  V 

2 

6 

2 

10 

71 

0  lOi 

0  lU 

1 

Of 

101 

2 

7* 

2  Hi 

3  3^ 

VP 

0  lOf 

1 

0 

1 

11 

2 

9 

8 

14 

3  6i 

81 

0  lU 

1 

Oh 

1 

lU 

2 

3 

3 

8  74 

Q 

1 

0 

1 

1 

3 

n 

0 

3 

U 

3  9 

1 

Of 

1 

1 

4 

10  -10  i 

2  11 

3 

3|  ; 

3  8 

10 

1 

1 

3 

1 

10*  ! 

a 

0 

3 

4i  • 

3  9 

lOi 

1 

2^ 

1 

3i 

1 

11"  : 

3 

3 

5 

3  9| 

11 

1 

2i 

1 

4 

i 

6i 

ll| 

3 

2^ 

3 

7 

4  0 

11* 

1 

81 

1 

6 

1 

7J 

12 

3 

4 

3 

9 

4  2 

12 

1 

4 

1 

f? 

1 

8 

u-u 

3 

4i 

3 

94 

4  2* 

0 

8i 

0  10 

0  11 

Hi 

3 

64 

3  Hi 

4  4^ 

6i 

0 

0  lOf 

0  111 

12 

8 

8 

4 

H 

4  7 

6 

0 

10 

0  lu 

I 

12  12 

6i 

0  11 

1 

OA 

1 

u 
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BUILDEUS'  P£i€£S. 


Sect.  IL—AJaaoTi's  Prices, 

«.  «L 

Labour,  squaring  and  laying  New  York  or  Purbeck  pav- 
ing per  foot  super.    0  1| 


If  in  oouTBOB,  add  ^  i 

LABOUR  ON  PORTLAND  OR  SIMILAR  STOm 

N.B.  Sswiag  to  bo  taken  as  half  plun  work. 

Plain  work  to  bond  stones        .      .      .        per  foot  super.  0  8§ 

„      „   to  beds  and  joints        ...         „  0  11 
„      „   rubbed  feoe    ...          .  „ 

„      „            circular           ...         „  15} 

SuiLk  work    „            .            .            *         »  13 

1  7 

Moulded  work  rubbed       .         .            •         n  15} 

„       »      »      circular   ...         „  21 
Oircniar  work  to  shafts  of  columns  having  the 
neck  moulding,  or  part  of  the  base  worked 

in  tbe  same  stone        .             .             •          »  18 

Circular  circular  or  spherical  work  to  domes  or  balls   „  2  6 

Tf  mbbed,  add                                           ■          »  0  3 

Taking  up,  squaring,  aad  relaying  old  paving          „  0  2| 

Add,  if  iu  courses               .            •       •         >f  0  1 

LABOUR  ON  STATUAKT  OR  VEIN  MARBLB,  INCLUDINO 
SAWIKO,  WORKING,  AK3>  POLISHING. 

Plain  work  .  per  foot  super.    4  4} 

Grcularwork           .           .              .         „  6  3 

Slink  work                      .              .           .          „  8  4 

Moulded  work            .              ,                 .           „  11  11 

Circular  sunk  work            .              ,           ,           „  1111 

Circular  moulded  work            .               .         »>  15  0 

ON  OLD  WORK. 

Old  vein  marble  chimney,  reset                .         »  0  7| 

M      tt         squared  and  reset                  „  0  10 

,)  „•  sanded,  gTonnded&  squared  „  1  0| 
»      „         sanded,  grounded,  squared 

and  reset      ...           „  18 

9,       »         cleaned  and  reset,  sanded          „  13 

n      n        polished  and  reset  1  10| 
sawed,    sanded,  polished, 

squared,  &  reset                   „  ^  H 


The  above  prices  sie  oooifaied  to  labour  only.   The  prime  ooit  of  Btane  and  mavble 

van-iag  considerably  in  difierent  localities,  according  to  the  expense  of  '^arriago 
and  other  uircomstances,  it  would  aa&wer  no  useful  purpiose  in  a  book  iaUioded  for 
general  circulation,  to  include  any  calculation  for  materials ;  eapedally  aa  price 
lists  of  the  variouB  kiiids  can  at  all  times  be  obtained  of  the  merotiaats  and 
dealers. 
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Ab  an  illQEttatlon  of  ih'is  dif^ercucs,  the  aaii«xied  extxact  from  the  price  list  oi 
Messrs.  l\;uulell  and  Sauuders,  for  Bath  slonc,  is  annexed.  It  will  be  seen  thl^  tilA 
same  detjciipliuu  uf  goods  varie«$  more  th&a  ceot.  per  cent,  at  difl't:rt;nt  ntat  ions. 


BLOCK. 

OorBham  Down,  deliyered  into 

trucTcs,  at  Corsliam  .  per  foot  cube 

(Jornbe  Down,  ditto  at  Bath        .  „ 
Box  «j;rouii(l  stone,  ditto  at  Box 

or  Gorsbam  ,  .  „ 

Farley  Down,  ditto  at  Box  . 
Corn  Grit^  ditto  at  Oorsham  „ 
Selected  Blocb,  Id.  peV  foot  extra. 
Blocks,  of  large  dimeDsions,  or  cut  to  order, 
supplied  at  a  moderate  cost. 


0 
0 

0 
0 
0 


LAKBING. 

Four  inch,  imder  24  feet  . 
Ditto,  above  24  feet  . 
Six  inch,  under  24  feet 
Ditto  above  24  feet 

PAYING. 

Three  inch,  corn  grit 
Ditto  ditto,  Oorsham  Down 

ASHLAR, 

OorBham  Down  ashlar,  4  inch 

Ditto,  5  inch 
Ditto,  6  inch 
Ditto,  7  inch 
Ditto,  8  iuch 


d, 

7 
8 


per  foot  super, 


n 


n 


n 


7f 


ThiB  Stone  k  cufc  to  range  in  coarses,  10,  12,  or  14 
inches  deep;  a  mull  allowance  being  made  in 
each  case  tor  dreanng. 


0 
0 
0 
0 

0 


BAKOS  STONE. 

Sawn  range  stone 


per  yard 


Tim  Stone  is  eut  to  ranjge  in  counrn,  4,  5,  6^  7,  and  8 
inches  deep^and  vanea  from  8  to  7  inehea  wide  - 
5  yards  make  a  ton.  ' 


QUOINS.    Random  sizes 

WALL  STORES. 


per  foot  super.k)  3 
per  tonjl  0 


(a 


c  d. 


t.  d. 


0 
0 


7 
8 
6  K) 


0 
0 


9 
9J1 


.9 
•a 

1 


4 
5 

4 
5 
2 


i,  d, 

1  6 


3^0 
4|0 

4i0  4i 


0  2 
0  3 


2|D 
210 
3  0 


^0  7^ 


U 
0 
0 

0  5||0  GijOlOi 


0  9^0  10| 
0  Hi 


0  5 
0  6 


210 


3^0 


^ 


1  3 


1  9 


0 


7* 

4 


0  6 

3||0  7i0  9 
0  8| 

0  lOJl  0 


3  6 
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Sect.  Ill— Bricklayer's  Price$. 

Labour. 

&  d» 

Concrete — Labour  in  mixing,  wheeling,  throwing  in  from  a 
stage,  and  puddling,  (where  required  to  be  done),  indoding 
erection  of  aca£folding  .  .      per  yard  cube    0  10 

Brickwork.        .  .  .       per  rod  87  1 

Extra  labour  to  maiin  &cingB     .  •  .01 


n 


»> 


Brick  paving  laid  flat  in  sand 

laid  on.  edge  in  sand 
laid  Hat  in  mortar 

laid  on  edfro  in  mortar 
Paving  brick  paving  laid  flat  in  sand 

laid  on  edge  in  ditto 
laid  flat  in  mortar 
laid  on  edge  in  mortar 
Clinker  paving  on  edge  in  sand 
10  to  12  inch  tile  paving  . 


per  yard 


t* 

»i 
it 


u 
n 
n 
u 
it 
tt 
tj 
if 
it 


0 
0 
0 
0 
0 
0 
0 


1 

0 


4 

7 
S 
8 

H 

7 


0  11 


0 

1 


TILING. 


Pan  tiling  laid  dry 

Pan  tiling  pointed  outside 

inside  and  out 
Plain  tiling  laid  to  a  4  inch  pniatre 
laid  to  a  o|  iuck  ditto 
laid  to  a  ^  inch  ditto 


per  square 


it 


it 


ft 


tf 


ft 


it 


The  pncos  of  bricTcs,  i*lates,  ,ind  tiles,  vary  in  ja-'ico  in  different,  Incali- 
ties?,  at  the  present  time,  (March,  1B63),  they  are  vciy  dear,  so 
tliai  any  calcuktion  OQ  account  of  matodab  would  not  be  useflil  in 
this  place. 


3 

5 
5 
5 
5 
B 


2 
2 
11 
7 
9 

11 


Sect.  IV— i^wfew**  Priee$, 

Bough  render  ..... 

Floating  ditto  .           .           .           .  . 

Setting  ..... 

Latbing  .  .  .  . 
If  circular  work,  add  on  the  lathing,  and  also  on  each  coat  o£ 

plastering  >           •           •           .  . 

B  to  groins,  add  as  above 


0 

0 
0 
0 

0 
0 


2 

n 

2 

1 
1 
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SsOT.  Y^Irmmumffo^s  IMeea* 


Am  BBI0K8. 

Per  Dos. 

«.  d, 

.     4  0 

.     4  6 

.     5  0 

.     6  6 


Hollow  sides 

Hollow  sides,  heavy  . 

Full  sides 

Full  aides,  heavy 


Per  Doe. 
<.  d. 

6  0  HalfbrickB  . 

7  0  Half  bricks,  heavy 
9   0  Half  bricks  . 

12  0  Foil  sides,  heavy 


i  vadh  flush  hr&ss  bolts. 


per  do!2. 

«•  d. 

2  inches 

.     1  10 

.     2  3 

.     2  9 

.     3  8 

«  „ 

.     4  6 

.     &  6 

7  „ 

.     6  4 

8  „ 

.     7  8 

9 

.     8  2 

10  „ 

.     9  0 

11  „ 

.    10  0 

12  „ 

.   10  10 

BRASS  BOLTS. 

^  inch  stmk  slide. 

per  doz. 

&  tL 

4!!ichee  .    5  0 

5  „  .68 

6  „  .76 

7  „  .89 

8  „  .   10  0 

9  „  .   11  3 

10  „  .   lii  6 

11  „  .  18  9 

12  „  .  15  0 


I  inch  Bonk  slide. 

per  doz. 
«.  d. 


4  indies 

6 

4 

5 

.  6 

8 

6  „ 

.  8 

0 

7  „ 

.  9 

4 

8  „ 

.  10 

8 

9 

.  12 

0 

10  „ 

.  13 

4 

11  „ 

.  14 

8 

12  „ 

.  16 

0 

f  inoh  sank  dide. 

per  doz. 

t,  d. 

4  inches 

• 

6  0 

B  „ 

• 

7  6 

6  „ 

• 

9  0 

7  „ 

• 

10  6 

• 

12  0 

9  » 

• 

18  6 

10  „ 

• 

15  0 

11  „ 

• 

16  6 

12  „ 

• 

18  0 

}  inch  sunk  slide. 


per  doz. 

4:  inches 

.     7  0 

5  » 

.    8  9 

6  . 

.   10  6 

7  „ 

.   12  3 

8  „ 

.  14  0 

9  „ 

.  15  9 

10  „ 

.  17  6 

11  « 

.  19  3 

12  „ 

.  21  0 

1  inch  sunk  filide. 


per  dos. 
«.  d. 


4  inches 

.  8 

0 

5  „ 

.  10 

0 

6 

.  12 

0 

7  „ 

.  14 

0 

8  „ 

.  16 

0 

9  „ 

.  18 

0 

10  „ 

.  20 

0 

11  „ 

.  22 

0 

12  „ 

.  24 

0 

NIGHT  BOIiTS. 


6  inch    .      .      .      Ss.  each.  |  7  inch     ...      4a.  each. 

• 
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BBASS  800KBT  B0LT3, 


AUbraM. 

WiUi  inm  bolts  and  back  plated. 

f\r»T*  eir\*T 

V\jI  UU/f« 

per  doz. 

f.  a* 

3  inches 

.    18  0 

3  inclifis 

.   16  0 

•      •      *  •   24  0 

4 

,  20  0 

.  80  0 

5   „             .  . 

.  24  0 

6  „ 

.  .   36  0 

6   „         .      .  . 

.  28  0 

7  „ 

.  42  0 

7 

.  83  0 

8  „ 

.  .   50  0 

Q 

O                            *             •  • 

.  40  0 

9  „ 

•   60  0 

9                 .  . 

.  48  0 

STBONG  BBASS  SOCKET  BOLTS, 

All  braaa. 

With  iron  bolta  and  back  plate;?. 

per  doa. 

per  doz. 

«•  d 

s.  d. 

3  indies 

.   16  0 

8  inches 

.  12  6 

.  .   19  0 

4   „         •  . 

.   .  15  6 

«  „ 

.  28  0 

6   „            .  . 

.  19  0 

6  „ 

.  .   28  0 

6    „         .  . 

.   .  23  0 

7  „ 

•      *      •   *   84  0 

7 

.   28  0 

8  „ 

.   42  0 

8    „         .  . 

.    .   83  0 

.  .   60  0 

9    „             .  . 

.   38  0 

3  inches 


5  „ 


3  inches 

4 
5 


SOLID  BEASS  SHIP  BOLTS. 

per  doz, 
s.  d, 
.   26  6 
.  .   82  0 
.   40  0 


6  inches 
7 


»» 


8BIF  BOLTS,  ALL  BBASS,  SMOOTH  SAHDEDw 
per  doz. 


«.  d, 

12  0 

13  6 
18  0 


6  inches 
8 


s.  d' 
46  6 
55  0 


per  doe. 
St  d» 
22  0 
40  0 


BACK  AND  SPBIKO  BBASS  BOLT& 
1  inch  iride,  12  inches  long^  4$.  3d  each. 

BACK  AND  SFBING  IHFBOTED  ESPAONIOLBTTE  BBASS  BOLTS, 
i   8s.  I  3s.6<2.  f  4s. 

BBASS  BOLTS  FOB  BLINDS. 

From  2s.  to  3a.  per  dozen. 


BUILDERS'  PKICES. 
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IRON  NIGHT  BOLTS. 


6  mches 

7  „ 

• 

• 

per  dos. 
t.  <2. 

.   15  0 

.  17  0 

8  inches  . 

per  dos. 
«.  d. 
.   20  0 

• 

D00£  CHAIN  BOLTS. 

5  inches 

6  „ 

7  „ 

8  „ 

• 

• 

• 

• 

perdoz. 

.     8  6 
..96 

.  10  6 
.     .  12  0 

9  inches 

10  „ 

11  „ 

12  „ 

perdoz. 
«•  d. 
.   15  0 
.     .   18  0 
.   22  0 
.   26  0 

COTTAGE  OB  PORTABLE  IBOli  OV£N& 
Inside  Measnre. 

9  inches  long,  7  inches  wide,  6|  deep,  11*.  Sci  each. 
11  81      „         6i   „  14«. 


w 


CASEMENT  AND  FBENCH  WINDOW  BBAS8  FASTENB&S. 

From  6i,  6<i.  to  50t.  per  dosen. 

HINGES^  BBA8S  BUTTS. 


per  doz. 

d. 

per  (Joz. 

8. 

d. 

8. 

d. 

S. 

s.  d. 

^  inch,  from 

.  0 

10 

to  i 

0 

2  inch,  from 

.  2 

9 

to  5  9 

i  « 

.  0 

11 

1 

1 

2| 

»f 

.  3 

6 

7  6 

1 

.  1 

1 

1 

3 

2i 

.  4 

6 

9  0 

1*  »» 

.  1 

8 

1 

6 

2| 

» 

.  5 

6 

12  0 

14  n 

.  1 

4 

1 

9 

3 

.  7 

3 

16  0 

If  » 

.  1 

2 

0 

►  ■ 

.  9 

0 

20  0 

1*  « 

.  1 

9 

3 

4 

n 

.  11 

0 

28  0 

If 

.  2 

0 

3 

9 

3i 

.  14 

0 

34  0 

1|  n 

.  2 

3 

3 

4 

» 

.  17 

6 

42  0 

If  « 

.  2 

6 

4 

9 

STBONG  FBOnBOTIKO  BRASS  BUTTS,  WITH  POLISHED  AHD 

LACQUERED  BAOKB. 


1|  inches 
2  „ 
24  » 

H  > 
Si  » 
2f 


If 


perdoz. 

g.  d. 

5  9 

7  0 

8  9 
10  6 
12  6 
15  0 


perdoK. 

s.  d. 

3  inches 

• 

.    20  0 

H  „ 

• 

.    31  0 

3J  » 

• 

.   84  0 

8|  ^ 

• 

.   39  0 

4  „ 

* 

.   45  0 

680 


BI7ILDBB8'  PRICES. 


PBOJ£OTUIG  BBASti  BUTTS,  WITH  FOLISH£P  BACKS 

AHD  FEONTS. 


per  pair. 

per  pair. 

1.  d. 

2  inches 

.   1  0 

84  melies 

.  2  6 

2|  „ 

.      .   1  3 

3J  tf 

.  3  0 

2| 

.   1  6 

8|   „  . 

.   3  6 

21  „ 

.      .   1  10 

4  „ 

.  4  3 

3  „ 

.   2  2 

SKEW  BKm  BUTTS, 

WITH  ST££JL  JOINTS. 

From  79,  ^d,  to  IS9,  per  pair. 


STROH6  BBOAD  PBOJEGTING  BBA8S  BUTTS,  WITH  POLISHED 

BACKS  AMD  FBOmU 


per  doz. 
«.  d- 

2  inch  .  .14 

24    „       .  ..17 


fer  doB. 

s.  d, 

^iaGk  .  ..22 
2|    „  .  .29 


WITH  HOLLOW  JOINTS, 


3  inch 

^  it 


per  dos. 

$.  d, 
.  3  0 
.  3  6 
.   4  0 


3|inch 


perdoB. 

i,  d, 
.  4  6 
.  6  6 


BBASS  BISINQ  HIHftSS  ON  STBEL  80BBWS. 


3  inch 
8J  „ 


per  pair. 

11  6 
13  6 


4  inch 
4| 


per  pair. 

I.  d, 

16  0 

17  6 


BDILDEBS'  mCES. 
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G  8 2  BUlLDJfiRS'  PBICB8. 


BROAD  0A8T  IBOH  BUTT8. 


per  tloz. 

per  doz. 

d. 

«.  <2. 

2  by 

2 

open 

It 

2 

9 

4^ 

by  3 

open 

8  6 

3 

8 

n 

8| 

8  9 

rw 

2} 

v# 

3 

6 

tf 

H 

•ft 

WW 

9  0 

21 

2^ 

3 

9 

99 

•« 

9  6 

a* 

4 

0 

99 

4 

•• 

10  0 

2|  n 

21 

f  • 

3 

9 

99 

ff 

10  6 

«« 

2i 

4 

3 

n 

^ 

11  0 

2| 

4 

6 

99 

11  9 

WW 

S 

4 

9 

99 

5 

•• 

12  6 

*m 

*# 

5 

3 

4i 

99 

d| 

•  • 

WW 

10  6 

21  „ 

2i 

99 

4 

6 

4 

■ft 

*y 

11  0 

}^ 

2| 

99 

5 

0 

99 

fl 

11  6 

3 

5 

6 

99 

4 

99 

12  6 

8  „ 

2^ 

5 

0 

99 

5 

J* 

13  6 

21 

5 

6 

IS 

99 

H 

19 

12  0 

3 

6 

0 

99 

3| 

12  6 

9* 

6 

6 

99 

4 

Wf 

13  0 

•• 

7 

0 

99 

•• 

13  6 

8| 

^9 

7 

6 

99 

14  0 

A* 

P> 

7 

9 

99 

41 

1 

t 

'* 

14  G 

*■ 

»9 

6 

0 

J> 

15  0 

3 

ft* 

6 

6 

51 

>f 

16  9 

•r 

7 

0 

n 

16  6 

■"■  1 

7 

6 

5 

$9 

34 

a 

*% 

16  0 

w 

31 

8 

0 

f9 

4 

n 

16  0 

w 

4 

8 

6 

99 

** 

n 

17  0 

3 

7 

0 

>J 

5 

» 

18  0 

3i 

7 

99 

5| 

99 

19  0 

34 

» 

8 

0 

6 

99 

21  0 

» 

8 

6 

% 

n 

4 

99 

17  0 

n 

4 

8 

9 

»» 

41" 

18  0 

>t 

44 

9 

3 

n 

5 

19  6 

n 

9 

6 

n 

5^ 

i* 

21  6 

3 

>» 

7 

6 

t> 

6 

>» 

24  0 

84 

»» 

8 

0 

>» 

64 

»» 

27  0 

3J 

8 

6 

6 

»» 

4J 

M 

20  0 

8| 

M 

9 

0 

>» 

5 

}> 

21  6 

»» 

4 

»> 

9 

6 

5> 

n 

23  6 

f> 

10 

a 

G 

n 

26  0 

n 

»y 

11 

0 

» 

64 

tt 

29  0 

BUILDEB8'  PBICES. 
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0RO68  OABNKT  AKD  T  HINaES. 


Ko. 

per  pur. 
s.  d. 

No. 

per  pair. 

1. 

10  inch 

.  0  S 

16 

inch 

.   0  9 

2. 

12  „ 

,   0  6 

18 

.    1  0 

8. 

14  „ 

.    0  8 

6. 

20 

7f  • 

.    1  3 

Strong  Gross  Gametfi^  6(2.  per  lb. 


HOOK  AND  EYE  HINOES  same  price. 


CAST  IBON  PABLIiUlENI  HINGES. 


Joint 

Open. 

per  doz» 

per  doz. 

«. 

<i. 

Joint* 

open. 

«.  d 

by 

2J 

4 

9 

2 

by 

3 

7  0 

li 

2 

6 

3 

» 

w 

^ 

7  8 

»> 

3 

5 

G 

*> 

4 

7  6 

If 

»» 

2 

6 

S 

4 

8  6 

n 

» 

n 

6 

6 

>> 

^ 

9  6 

n 

It 

3 

6 

9 

» 

5 

10  (> 

tt 

>• 

3i 

7 

0 

» 

»> 

6 

12  0 

2 

>7 

6 

3 

»» 

7 

16  0 

n 

»> 

2 

6 

6 

21 

>f 

«i 

12  6 

t* 

l» 

2* 

6 

9 

3 

»» 

6 

16  0 

CAST  IKON  LATCHES,  WITH  WBOUGHT  FUILNITUBE. 


«. 

d. 

d. 

Gate  latdi,  with  screwe  and  nots 

• 

19 

0  per 

dozen. 

Common  thumb  latches 

from 

2 

3 

to 

4 

6 

n 

Kew  thumb  latches 

n 

4 

6 

ft 

11 

0 

ft 

Norfolk  latches 

n 

4 

8 

n 

14 

6 

tf 

Flueh  latches 

5 

0 

ft 

Strong  fluted    orfolk  latches 

from 

5 

6 

>» 

12 

0 

ti 

Flush  stable  latches 

ft 

9 

0 

tt 

15 

0 

>♦ 

Jointed  handle  stable  latches 

13 

6 

tt 

Secret  latches,  with  moving  plate 

17 

B 

11 

,t       with  drawback  bolt 

20 

0 

tf 

,t       for  gates 

10 

0 

tf 

Screws,  Kails,  Ac 
brass  hsaded  nails. 


per  doz. 

per  doK. 

i.  d. 

«.  <2. 

§  inch 

.    1  2 

2  inch 

.   2  9 

i  tt 

.   1  3 

2^  ft 

.   3  3 

.   1  4 

^  ft 

•    3  9 

1  „ 

.   1  6 

2i  „ 

.    4  3 

1 J    >»  • 

.   1  8 

3  tf 

.    5  0 

li  ft 

.   1  9 

.    7  p 

n  tf 

.   2  2 

4  „ 

.    8  6 

6B4 


BUILDEBS'  PRICES. 


BBA6S  FLAT£I>  HEAD  COUNTER-SUKlk  NAILS. 


per  doz. 

pet  doz. 

«.  d. 

^  inon 

,     .   1  0 

1|  inch 

•  • 

2  0 

i 

9  *» 

.   1  1 

<> 

»» 

•  • 

2  3 

i  »» 

.    1  3 

n  » 

z  y 

.    1  3 

H  » 

•  • 

3  0 

.    1  6 

2i 

3  6 

14  » 

.   1  9 

3  », 

*  * 

4  0 

BIU88  TAFES-HEADKD  NAlLa 

per  doz. 

s.  d. 

f  inch 

.    1  7 

2  iucb 

•  • 

S  3 

.    1  8 

24  „ 

3  0 

8  •> 

.     .   1  9 

21  ft 

«  « 

A  A 

1  n 

.   1  10 

2|  *» 

5  3 

1*  „ 

.      .   2  0 

3  >» 

6  0 

14  « 

•   2  3 

34  n 

«  « 

7  0 

H  » 

.      .   2  9 

*  * 

8  6 

BBAS8  SASH  8CBBW8. 

From  2s.  to  Zt. 

8dL  per  doeen. 

WROUGHT  NAILS,    s.  d. 

CUT  NAILS. 

s,  d. 

TJbreepeniiy 

per  1000    1  G 

Threepenny 

per  1000 

0  8 

Eonrpenny 

1  9 

Pourpenny 

#» 

0  10 

Sixpenny 

2  2 

Sixpenny 

»» 

1  0 

Tenpenny 

3  0 

Tenpenny 

»• 

2  0 

Twentypomy 

4  0 

Twentypeimy 

n 

3  0 

Twentyfourpenny 

Zd.  per  lb. 

Linger  dzee  2|<i  per  lb. 

Spikes  SdL  per  lb. 

J0INEB*8  GUT  BBAD8. 

4  inch 

s.  d. 

s.  d» 

perlOOO  0  2 

14  inch 

per  1000 

0  5 

1  » 

.   0  3 

14  « 

• 

0  6 

1 

.04" 

2  „ 

1  0 

CUT   FliOOB  BBADS. 
2,  2},  and  3  inches,  2d,  per  lb. 
Cut  lath  nails,  24«.  per  cwt  |  Oaat  lath  naile,  16«.  per  ewt 

SASH  LiNE^  at  per  gross  of  yards. 


1. 

«. 

d 

<. 

d. 

.  6 

0 

No.  6. 

.  10 

0 

2.  . 

.  5 

6 

6.  . 

.  u 

0 

8. 

6 

6 

7, 

.  18 

0 

4.  . 

•     •  s 

0 

a 

26 

0 

Cbrnmon  ditto  9d.  per  lb. 


BUILDEBS'  PmC£B» 
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I^CKS. 


Rim  Loekt  mA  Bran  Knobi, 

each   2  6 


6  inch 
8  „ 


3  6 


5   0  10 


Ikauhack  for  Street  Doort, 

s.  d. 

8  inch        .        each    4  6 


0 


6  0 
10  0 


MO&TICE  LOCKS. 


Without  (bmiture,  from  df .  6d  to  6«.  each. 
Brass  fomiture  to  ditto,  2«.  per  set 

China     ,,       from  2s.  upwards. 
Oaphoard  hock&t  irom  t><2.  to  2s.  6<2.  each. 


QtA&J>K2i  MOUNTED. 


S. 

d. 

14  incheB  mde 

23 

0 

22  inches  wide 

each 

G4 

16  „ 

n 

2'.) 

0 

24 

•  »» 

78 

18  „ 

•  n 

3G 

0 

26 

90 

20 

ff 

60 

0 

HAY  JiACK&,  from  7s.  to  9*.  each. 


Octagon 


PILLAES  FOR  CORN  STACKS, 

8.  d.  I 
each    10   6  i  Feathered 
Circular^  6«.  each. 


each  d  6 


PIPES,  GUTTEBINe,  &o. 


IHpes  for  Baia  Water 
Flat  Heads.  .   .  . 

Angle  Heads  .  .  . 
Angle  Shoes  .  . 
Angle  Boots  .  .  . 
Gnt^'^rin?,  half  round 
GutteriDg.long  angles 
Guttering,  O.G.  .  . 
Guttering,0G>angle8 
Guttering,  Lion  Head 

Clips  

Ditto,  plain  ditto  .  . 
Flangepi|>eBforpinzDps 
Pumps,  various    .  . 


2 

2i 

3 

3 

4 

4J 

5 

5J 

iachea 

tnchcB 

inches 

incbea 

s.  d' 

s. 

d. 

S. 

rf. 

t. 

d. 

S.  d. 

4.  d. 

s.  4. 

«.  rif. 

1  a 

1 

6 

1 

10 

2 

3 

2  G 

2  9 

S  8 

per  yard. 

2  0 

i 

8 

2 

6 

2 

9 

8  0 

3  6 

4  8 

each. 

2  3 

2 

6 

2 

9 

3 

0 

3  3 

4  0 

4  6 

t» 

i  0 

1 

3 

1 

6 

1 

y 

2  6 

8  0 

8  6 

«» 

1  6 

2 

ij 

6 

3 

0 

3  6 

4  0 

4  6 

»» 

1 

0 

1 

1 

1  % 

1  4 

1  6 

1  9  per  yard. 

1 

3 

1 

6 

1  9 

2  0 

2  8 

2  6  each. 

1  7 

1  8 

2  2 

2  6  peryard. 

1  10 

2  d 

2  6 

8  0  each. 

0  10 

each. 

0  8 

>i 

3  0 

3 

6 

4 

8 

per  yard. 

36 

0 

45 

0 

55 

0 

each. 
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Sect.  VI. — Prices  of  Maieriak  fm-  Dramage  and  Water  Supphf, 


3  inclieB  intenud  diameter 
4 
6 
9 
12 
15 
18 


GLAZED  STONE  VABE  DBAEN  PIPES. 

per  foot  run 


u 

»» 


n 


n 


n 
it 
it 
»t 

»» 


BENDS. 


3  inches  internal  diaiueicr 
4 
6 
9 
12 
15 
18 


n 

» 
it 


i* 


n 
» 
tt 
tt 
tt 
n 


JUNCTIONS. 


S  inch  bore  of  main  tube 
4 
6 
9 

12 
IB 

18 


ft 

tt 
ft 
ti 


it 
it 
tt 
tt 
tt 
ti 


DOUBI>£  JUNCTIONS. 


3  incli  bore  of  main  tube 
4 
6 
9 


» 
tt 
tt 


tt 
tt 
tt 


3  inehbore 
4 
6 
9 


IBAPS  FOE  IBON  FL.AF. 


it 
tt 
tt 


3  inch  bore 
4 
6 
9 


STPHON  TRAPS. 


It 
tt 
ft 


each 


n 
it 
ti 
ti 
♦» 


each 


n 

it 

a 
it 
it 
ft 


each 


tt 
tt 
tt 


each 


tt 
tt 

ti 


each 


t» 
it 


9, 

0 

0 
0 

1 
1 

3 
4 

1 
1 

2 
3 

5 
8 

10 

1 
1 
2 
3 

8 
8 

10 

1 
2 
2 
4 

1 
1 

2 
3 

2 
3 

5 
7 


5 

6 
8 

H 

10 
0 
0 

8 
9 
3 

e 

6 
0 
6 

3 
6 
0 
6 

0 
6 


8 
0 
8 
6 

3 
6 
0 
3 

6 
6 

0 
6 


Water  Oloset  Pans,  with  Syphon  Traps,  from  7«.  6<l.  each. 

KofXjL — Very  large  duicountfi  aie  gwen  by  the  pipe  niaaufaotureit  foi-  cash  pa^mebte. 
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TkePricetflfkiimberSf  Sizeif  and  Weighi$,in  Oast  Iron,  o/ Lowe's  Polwi* 
Ejghma  Trctp  Sewer  GraiiHgi,  or  Stetich  Trap  Grids,  are  at 
foUow,  viz.: — 


In.       In.    Tn,  Weight. 

£ 

d. 

No.  1  Size  30  by  18 — 16  doep,  about  5  cwt. 

1  18 

0 

No.  2  Size  20  by  12—13  deei),  about  2  cwt.       .          .  . 

0  16 

0 

No.  o  iSize  14  by   9 —  9  deep,  about  1  cwt. 

0 

9 

0 

No.  i  Size  11  by  7 —  7  deep,  SGlba.    .         .         .  . 

0 

6 

9 

No.  5  Size  9  by  5^ — deep,  251bs. 

0 

4 

0 

No.  6  Size  6^  by  4—4  deep,  lOlbs.  . 

0 

3 

0 

No.  7  Size  for  Sink  Stones,  in  white  metal,  square  pattern  . 

0 

2 

6 

No.  7  Size  for  Sink  Stones,  in  iron,  sqnare  pattern,  with  brass 

grating  and  Bcrew  ping' 

0 

1 

9 

Ditto       ditto                   in  iron,  round  pattern,  with  brass 

grating  and  Bcrew  plug 

0 

2 

0 

Ditto       ditto      all  brass,  square  pattern,  with  screw  plug  . 

0 

3 

6 

Ditto      ditto     all  brass,  roimd  pattern,  with  ditto 

0 

3 

9 

Ditto      ditto     brass  top  and  grating  and  lead  body,  with 

screw  ping 

0 

3 

0 

Glazed  or  unglazed  drniuing:  bricks  patented  by  Messrs.  Ranbell  and 
Saunj>eus,  i.'aii  be  i^upplied  at  the  foUowiug  prices,  in  any  locality  where 
day  of  good  quality  can  be  obtained. 

Bricks  12  indies  long,  4^  inches  wide,  and  2j^  inches  thick.  Id.  each. 
12       „         4|       „  ^       „  „ 


The  Cost  o/  Bricks  ia  make  Drains  of  various  dimensions  will  be  as 

follows  : — 


Diameter  of  Drain. 

No.  of  Bricks 
per  foot. 

ThickneM  of 
Brick. 

Ccfit  per  foot. 

ft. 

in. 

m. 

s. 

d. 

0 

6 

4 

1} 

0 

4 

0 

9 

6 

2 

0 

6 

1 

0 

8 

2i 

0 

8 

1 

3 

10 

0 

10 

1 

6 

12 

2i 

1 

0 

1 

9 

14 

3 

1 

9 

2 

0 

16 

31 

2 

0 

2 

3 

18 

H 

2 

3 

2 

6 

20 

H 

2 

6 

2 

9 

22 

4 

2 

9 

3 

0 

24 

4i 

3 

0 
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I£OII  SVHK 


ROUND  JAPANNED  TRAPS. 


per  do8» 

• 

per  (!(«< 

s.  d. 

i.  d. 

.     4  0 

6  inch 

.   12  0 

.      .     4  6 

6i  „ 

• 

.   13  6 

.     5  6 

7   „  . 

.   15  0 

*   «  . 

.     6  6 

7i„ 

• 

.   16  6 

.     7  6 

8  „ 

.  18  0 

9  6 

9  « 

« 

.  21  0 

6i  „ 

.   11  0 

10  „  . 

.  26  0 

SQUARE  JAFAHSED  X£APS«  WITH  BABS  OA  EOU^D  BOLS& 

per  doz. 

per  doc. 

s.  d. 

$.  d. 

4  inch 

.      9  0 

7  inch 

.  18  a 

5  „ 

.    11  0 

8  „ 

.    23  0 

6  „ 

.   14  0 

9   „  • 

.   28  0 

STABLE  BRAINS,  JABANNEI). 


Oiiu^  square 
8 


M 


s.  d. 
each   0  10 
1  6 


n 


10  inch,  square 
12 


n 


8.  d, 

each  2  3 
«    8  6 


STRONG  GRAIES  AND  FRAMES  JOR  OitAVJiL  WALKS, 

7  inch  equare  at  top,  8«. 
8OTr0H  GRATSS,  JAPANNBD. 


4  inch  aqaare 
5 
6 
7 


per  doe. 


n 


»> 


2 

S 
4 
6 


0 
0 

6 
6 


8  inch  square 

9 

10 


it 


it 


STRONG  SOUfiH  GRATES  WITH  BAltb,  JAPANNED. 


4  inch  sqnare 
6 
6 
7 


n 


per  doz. 

.  3  0 

.  4  0 

.  5  6 

.  7  6 


8  inch  sq^uare 
9 

10 


n 


tt 


per  doE. 

i.  d* 
8  6 
12  0 
15  0 


per  doau 
9.  d, 
9  6 

15  0 

16  0 


BUILDERS'  PRICES. 
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Sect.  YIL—I'himber*t  FHees. 


1 

0 

tfiit.  til  oirnpnftiAna 

1 

9 

0 

1 

17 

0 

1 

13 

0 

IJa  in  iiltA'n  af  AfliAi*  llAflliincMi 

X 

At/ 

0 

D  S  or  P  trans  ^flfili 

0 

0 

0 

J-V/ 

0 

Safes  for  closets       stntpfl       •   '      .  » 

0 

8 

0 

Solder,  per  lb 

0 

0 

10 

Plumber,  per  dav         .         ,         ,  ♦ 

0 

0 

Ijabourer,  Do.  .... 

0 

0 

Wall  hooks,  each  .... 

0 

0 

li 

Lead-heftded  nails 

0 

0 

1 

Lai^  do.        .         .         .        •  . 

0 

0 

2 

Allow  for  old  lead  in  exchange,  41b0.  to  be 

dednfited  for  waste,  per  cwt. 

0 

€ 

0 

nRAWV  WAT  BR  PIPES. 

Middling. 

Strong. 

«. 

<2. 

<.  d. 

1  inch 

per  foot 

0 

5 

0  6 

1  . 

0 

7 

0  8 

1 

0 

9 

0  10 

0  11 

1  1 

n  n 

1 

3i 

1  7 

»»           •            •  • 

2  3 

^  « 

»               *  * 

2 

3 

2  8 

FUNNEL  PIPE& 

Gibs. 

71ba. 

4  inch 

per  foot 

2 

4 

2  9 

^  it 

„        .        •  « 

2 

9 

3  0 

3 

0 

3  4 

^  » 

„        .        .  . 

3 

4 

3  8 

3 

8 

4  0 

4  inoh  joints 

each 

4  3 

»»          •  • 

4  6 

»»       ♦        •  • 

6  0 

6  6 

6 

M                       *                         *  * 

6  0 

6*  » 

*                      *  • 

6  6 

SOCKET  PIPES  FOR  SUTES. 

2  inch 

per  foot 

1 

5 

1  7 

2|  „ 

»>                  •  • 

1 

7 

1  9 

8  « 

3 

0 

2  3 

^  >» 

»»                   •  • 

2 

3 

2  6 
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BUiLD£B8'  PRICES. 


BAiN  WATER  PIPES,  INCLUDING  FLAPS  AND  COLLARS. 

d.          S'  d. 

3  111(01  per  foot.  .  .2  0  2  3 
3^   M                      »     •        ..2   3          2  6 

4  „                      ,,..2  6          2  9 


JOINTS,  INCLUDING  SOLDER  AND  LABOUR. 


&  8. 

d. 

^  inch 

each 

,  0  2 

G 

^  n 

*•  * 

.  0  2 

y 

1 

• 

.  0  3 

0 

u  » 

* 

.  0  3 

3 

^  » 

99  * 

.  0  3 

9 

if  ■ 

.  0  4 

3 

2J  „ 

• 

.  0  4 

9 

COMMON  LEAD  PUMPS. 

2^  inck 

complete 

.  1  12 

0 

n 

.     .  2  5 

0 

.   2  15 

0 

n 

.   3  5 

0 

FORCE  LEAD 

PUMPS. 

complete 

.   3  0 

0 

3  „ 

»  • 

.      .  4  0 

0 

^  » 

»>  • 

4  15 

0 

n 

.  6  15 

0 

HTPBAULIG 

PUMPS. 

2  inch 

compleW 

.  4  15 

0 

ft 

n  ♦ 

.      .  6  10 

0 

3  „ 

.  7  0 

0 

3i„ 

.  8  0 

0 

4  „ 

.  9  10 

0 

PUMPS  FOS  DEEP  WBLLS. 

inch 

complete  . 

.     .  4  16 

0 

8  „ 

.   5  15 

0 

8i  » 

n 

.   6  15 

0 

4:  „ 

» 

,  7  15 

0 

BUILDEB8'  PRICES. 


WATBfi  CLOSETS. 


Best  pan  closet  with  valve,  complete 

Do.  with  sunk  ivoiy  handle 

Do.  vrith  shoe  Talve,  extra 

Blae  painted  badn,  extra 

BramaVs  valve  doeet,  complete 

Ship  Qoset  with  copper  basin,  complete 


Square  way 
i  inch 
I 

1 

Large  cocks,  per  lb. 


STOP  COCKS. 


>» 


BIB  AND  BALL  COCKS. 


Screw  fermles 
i  inch 

I  n 
1  „ 

n  „ 

i  inch 

I  » 
1  „ 


BOSSES,  BACH. 


For  inch 

if  i  n 
f»  1  n 


COPPEE  WATER  BALLS. 

Wrought  Bods, 


cock 


>» 


n 


}  inch 

I  . 
1  „ 

n  » 

Cobourgs 


DBinva  VBRBULES. 
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BUILDEBS'  PBIGES. 
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Fan  and  mounting  basin 

Wasb-hand  basin  witb  braes  wasber  aad  chain 
Blue  printed  d6. 
Oopper  turned  basuu 
Bound  oiatem  yalves 

Shoe  do.  '  » 

Spxiog      do*  •  • 

Spring  board  and  spring 

Cranks  each 

Stool  cocks  with  plates  and  handle 
Copper  wire,  per  lb. 


0 
0 
0 
0 


£  St  St 
0  3  0 
6  6 
8  6 
4  6 
B  9 
0  10  6 
0  10  6, 
0  6  6 
0  10 
0  7  6 
0  18 


SOILER  SCREWS. 


^  inch 

i  » 
1 

n  „ 
1^ 


n 


0  1  8 

0  1  8 

0  2  6 

0  3  6 

0  4  3 


COCKS  f  OR  SLAIB  CI8TBBN8. 


^  inch 


0  4  3 
0  5  6 
0  10  0 


^  ineh 


99 


SCREWS  WUH  vxm  and  unions  vor  slate  cisterns. 

.  •  •  .•»034 

.049 
•  •      »  0  6  6 


WASHERS  AND  WASTES  FOR  SLATE  CISTERNS  WITH  UNIONS, 
inch  ..... 


I 


0 
0 
0 


2  9 
5  6 
7  6 


SnSDhB  YALYBS  COR  SLATE  CISTERNS  WITH  UNIONS. 


§  indi       ,  .  •      .         •  ..059 

I     „    .  .  .  .  .076 
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BUILDERS'  PRICES. 


Sect.  Vm. — Painter'^  Prices, 

<.  d. 


Once  in       oil  per  yard  .          .      .        ^  ^ 

Twice  in        „  „  ,.06 

Three  time&ia  „  >»     >  ..08 

Fonrtimes  in   „  „  .           .      .        0  10 

Add  to  every  extra  coat  „  .  .02 

Ifflatted        „  .,...03^ 

If  fiuislied  in  party  colours,  add      „  .  .0  1^ 

If  sanded     do.  „  ...        0  6 

EXTBA  OOLOUBS. 

French  grey,  lawn,  i>almon,  peach,  or  like  tints  acid        .         0  1 

Light  green,  or  olive  green  .  OS 

Patent  greens,  French  greens,  yellows  or  bines  „         .        0  0 

Chinese  Vermilion  or  Lakes  „         .  19 

„    twice  done  on  scarlet  groond  „                 2  9 

Imitation  granite  or  splashed  work  „                 0  6 

Mouldings  cut  in,  per  foot  run,  common  colours  .     .        0  01- 

„         if  grained  in  imitation  of  woods  per  foot        0  2 

Broad  lines  to  form  panels              .              .  „             0  1-^ 

Lighr.  and  shadowed  lines       .             .  .       „             0  2 

Gross  banded  margins                  .             .  „            0  3^ 

PLAIN  SKIBTINGBy  NOT  BZCEEDINQ  BIGHT  IN0HB8  WIDE. 

Once  in         oil  .       ,              .               p#r  foot  run  0  Of 

Twice          „  .            ,         .            „     .  0  1] 

Three  times   „  .            .             .               » '    •  0  1^ 

Four  times    „  .            .            .            „      .  0  2| 

If  flatted,  add  .                       .               »      .  0  0| 

MOULDED  SEIIIXIKOS,  EXCEEDING  EIGHT  INCHES  WIDE. 

Once  in      oil  .            .         .       per  foot  run        0  1 

TNvice         „  .             .  .,,.01^ 

Three  times  „  .             .              .             „        .        0  2 

Four  times  „  .         .          .          .              ,,.0  2^ 

If  Batted,  add  >         .         .          .         a       *        ^  \ 

PLAIN  OOBNIOIS,  NOT  EXOEEDINO  TWELVE  INCHES  6IBT. 

Once  in      oil         .  .  .      per  foot  run       0  1^ 

Twice        it  '  •  •  •      II     •       0  li 

Three  times  „  '        .  >»     •       0  ^ 

Four  times  „  •  •  .,,.08 

If  flatted,  add  ,,.01 


■ 

BDILDEB8'  PBIOBB. 


m 


BNBICHBD  OOBinOBS,  FRIEZE,  OR  OTHBB  BNRI0HMRNT8.' 


$,  d. 

Once  in      oil  ...     per  foot  caper.       0  1^ 

Twice       „      .  .         .  „       .        0  2i 

Three  times,,  .  .  .  m       ■        ^  ^ 

¥onr  times  ,,       .  .  .        .  ,,.06 

If  flatted,  add  .       .         „       .        0  6 

If  picked  in  party  colours  add  one  half. 

EBVEALS  TO  WiliDOWS  AND  DOORS. 

Once  in       oil  .             .            .      .  per  foot  run  0  1^ 

Twice          „  .              .              .  „       ,  0  If 

Threp  f  iniHS  -               »               .          .  .  0  2^ 

h  our  iiuiea  .                .                   .  „        .  0  -  3 

mSDOW  SILLSy  STRIKaiNOS,  OOPINa  BD0B8,  PLINTHS,  &C 

Once  in       oil  .           .            .            .   per  foot  run        0  2^ 

Twice         „  ,         .    *     .          .         ,,.0  3^ 

Three  times  „  .         •  ..,,.05 

Four  times  „  .         .         •            •  .,.06 

BAIN  WATER  PIPBS  AND  OUTTBRB. 

Once  in      oU  .            .       .  per  foot  nm       0  1| 

Twice        „  .            .             .  „      .       0  2J 

Three  times  „  .          .           .         .  ,,.03 

Four  times  „    .  .         .              .  •       0  d|- 

SASH  FBAMBS  AND  SQUARES. 

Frames  once  in      oil,  not  exceeding  25  feet  super.  .        0  8 

Do.  twice  „  „  ..10 

Do.  three  times    „  „  ,.14 

Do,  four  times      „  ..18 
For  lar2:e  Venetian  frames,  add  oue-third 

Baali  squarea  per  dozen  once       .  0  8 

Do.  „  twice  .      .  -10 

Do.  „  three  times         .        1  4 

Do.  „  four  times    .      .  18 

If  the  squares  exceed  30  indies,  add  per  doz.  each  coat  0  3 

If  different  colour  from  ^e  frames,  add  .01 
.  If  flatted,  add  .  .  .  ..04 

SASH  AND  SQUARSS,  QBJdJSED. 

Wainscot  oak  or  mahogany  frames,  eadli  .  16 

Do.       ....         squares  per  doz.        1  6 
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BUILDERS'  PBICE& 


Rosewood,  satinwood,  maple,  &c.  •  sqiuures  per  doz. 
Varnishing  sqiiftres  per  dos*  or  frames  each,  in  copal 
Cleaning  old  work,  rubbing  (io\\Tri,  or  bringing  forward,  &c.,  to 
be  charged  day  work,  ladder  work  to  be  charged  extra, 
according  to  trouble  and  labour.  The  term,  party 
colours,  ia  applied  where  the  framing  is  one  colour  and 
the  panele  another. 


DAY  ACCOUNT. 


Painter,  per  day 

•         •        •  • 

,  .  6 

0 

Common  colour 

per  lb. 

0 

6 

Pntty 

ft 

0 

3 

Hard  stopping 

.    .  0 

6 

Brushes 

each 

3 

6 

Tools 

it              •  • 

.     .  1 

4 

Pota 

tt                  •  ' 

0 

6 

Small  do. 

It 

0 

4 

nilTAXIOirS  OP  WOODS  MAKBLBS*. 

Wainaoot  oak       ...  per  yard 

Mahogany,  maple,  or  qrcamore       .         .  „  , 

Rosewood  or  Coromandel-wood,  and  satinwood  „ 
Bird's-eye  maple  or  pollard  oalc       .       .  ... 
For  enrichments  and  carved  vvi  n-k,  add  one-fourth 

Hand-rail,  grained  mahogany  and  varnished  per  foot  run 

Veined  marble^  indnding  white  gronnd      .  per  foot  super. 

Dove,  hardiUa,  or  black  and  gold       .  ,» 

Sienna,  hrocatella,  Voietian,  Fr^ch,  Devonshire  „  . 

Green  verd,  or  porphyry                         .  »  • 

Verd  antique,  oriental,  jasper,  giolla  antico  „ 

Lapis  lasuli         .           .         .             .  „  . 

If  to  colnmns,  add         .          .           .  .    „  , 

If  to  fluted  do.,  add                    .           .  »  . 

VASHISHING. 


Spirit  varnish,  each  coat    per  yard  .             .  .06 

Varnishing  once  in  best  oopal   „  ...      0  7 

Do.          twice  do.            >f    •  •          •  .10 

Do.         three  times  do.  ..14 

Gleaning  and  sizing  old  work  .  ..08 

Hand  polishing,  per  foot  super  .  ..06 

Do.  on  columns         „            .  .  .,10 

Do.      do.     fluted  „  .  ..16 

French  polishing        „              .  .  .,06 

Do.  hand-rails  and  small  artioL^,  per  foot  run  •  .04 


•  The  pgrioes  here  given  are  for  work  of  the  very  best,  qai^y, 


«.  d. 

2  0 
0  6 


1  6 

1  9 

2  0 
2  6 

0  4 

0  3 

0  5 

0  6 

0  6 

0  8 

1  0 
0  3 
0  4 


BUILDEBS'  PHlCfiS. 
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» 
ft 
>f 

n 
if 
ff 
ff 
ff 
ff 
ff 


Sf 


WRITING. 

Plain  lettei^  .         .  .  per  inch 

Do.  from  B  to  6  inches  g^rt 
Sunk  or  Egyptian 
Gold  plain,  under  8  inches  girt 
Gold  sunk  or  Egyptian  do. 
Gold  plain,  from  3  to  6  inches  girt 
Gold  plain,  from  B  to  9  do. 
Gold  plain,  from  9  to  12  do. 
Gold  Egyptian,  from  6  to  9  indies  girl 
Gk)ld      do.     from  9  to  12  do. 
If  sliadowed^add 
If  do.  double  or  indented,  add 

If  shaded  to  appear  as  projecting  letter,  add  for  the  double 

sliadow  .         .         ,  . 

Letters  enamelled  in  gold  on  glass,  per  inch 
Antique  or  ornamental  letters,  once  and  a  half  th 

GILDING. 

Gilding  in  oil  gold,  including  preparation,  per 

foot  super.  .... 
Do.  in  burnished  gold 

Carved  work,  from  once  and  a  half  to  double  the 
above  prices,  according  to  the  depth  of  the 
enriclinicnt. 
Gilding  ^  inch  mouldings,  per  foot  run 
Do.   I  do. 
Do.   1  do. 
Gilder  per  day 
Gold  leaf  per  book 
Parchment  size  per  lb. 
Oil  gold  size  do. 

Sect.  TK.^FBq^erhan^er  and  Deeorator*3  Prices. 

Pumicing,  sizing,  and  preparing  vtralls, 
Lining  paper 
Do.  stout 

Canvas  lining  .  . 

Hanging  do.,  including  tacks  and  slipping 
Hanging  lining  paper  .... 
Do.  common  papers  .  .  ,  , 

Do.  satin  do.  .... 
Do.  flock  or  embOBsed,  marhles  or  2;rHnitesin  blocks 
Common  papers,  3  colours,  or  two  block? ,  pe r  piece  0  1 
Do.         do.    4  do.         .         .      „         0  2 
For  every  extra  colour,  add        .  „ 
If  in  rich  oolouw,  add         .         •  „ 
2  V 


if 
ff 


ff 
ff 


f$ 
ft 

n 
ft 
ft 
ff 


0 


J. 

0 

0 

0 

0 

0 

0 

X 

0 

0 

n 

0 

0 

2 

0 

0 

2 

A 

u 

91. 

0 

0 

3 

0 

0 

3 

0 

0 

4 

0 

0 

Oi 
ss 

0 

0 

Of 

A 

V 

1 

L 

0 

■ 

0 

3 

0 

3 

6 

0 

4 

6 

0 

0 

2 

0 

0 

3 

0 

0 

4 

0 

7 

0 

0 

2 

0 

0 

0 

8 

0 

8 

0 

• 

0 

0 

6 

0 

0 

9 

0 

1 

0 

0 

8 

6 

0 

1 

6 

0 

0 

9 

0 

1 

0 

0 

1 

2 

0 

1 

6 

0 

2 

0 

0 

2 

6 

0 

0 

2 

0 

1 

0 
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BUILDERS'  PRICES. 


a. 

a. 

So 

a. 

xnuuiutni  nisrpw                     •  por 

• 

VM  AAA 

piece 

V 

1 

0 

TO 

A 
Vr 

o 

29 

a 
o 

JLK><  ao.  cone  by  aKoa  m  ft  supenonnamier 

u 

0 

it 

A 

O 
O 

Do.  granite  posted 

» 

0 

A 

2 

0 

t) 

A 
V 

A 

U 

Do.  wainscot  . 

9f 

0 

1 

A 

$» 

A 

u 

X 

0 

Do.   do.  oyergrained 

t9 

0 

2 

A 

6 

*f 

A 

0 

o 
O 

0 

Satin  papers,  3  bIo(^ 

0 

4 

0 

f* 

A 

u 

0 

A 

V 

Do.     do.     5  do. 

» 

0 

6 

A 

it 

A 

0 

"1 A 

A 
U 

Jbiinbossed  eatia            .              •  . 

0 

8 

A 

0 

>> 

A 

f  A 
10 

A 
0 

Do.     do.       bronzed  * 

if 

u 

u 

ft 

yj 

ID 

A 
U 

Bich  crimBon  flock  • 

9t 

u 

t  A 
14 

A 

u 

t* 

A 
U 

Xo 

A 
U 

Do.     do.  bronzed 

99 

0 

lo 

A 

0 

ft 

1 

0 

A 
U 

Fandled  decoration                .  . 

99 

0 

9 

A 

0 

*t 

1 

16 

A 

Do*     do.      indnding  banging 

99 

u 

A 
U 

ft 

Q 

A 
U 

A 
U 

Oommon  borders,  per  dozen  yards 

• 

u 

1 

A 
U 

>» 

A 
U 

o 
o 

A 

U 

wtmc  do^ 

• 

0 

D 

A 

tf 

A 

0 

Q 

O 

A 

Corners  to  do.,  each  as  one  yard  of  border. 

Hanging  borders,  per  dozen  yards 

0 

0 

6 

» 

0 

1 

0 

Sizing  two  coats,  and  varnialiing  papers  pel 

piece 

0 

2 

6 

0 

3 

6 

Do.       do.       and  do.  two  coats 

9 

0 

4: 

0 

0 

6 

0 

B0BDBB8  ABB   MOULDINGS,  INCLUDING 
HANGING  AND  PAFBB  PIXINe. 


per  yard  mn 


tf 


tt 


tt 


tt 


Half-inch  wide, 
Five-eiglitliB  wide, 
Three-quarters  wide. 

Inch  wid^ 

Inch  and  quarter  wide, 
Inch  and  half  wide,     .  „ 
Inch  and  tbreo-quarteiB  wide,  „ 
Two  inches  wide,  . 
Kich  flock  borders,  2J  inches  wide, 

Do.  3|  do. 

Old  mouldings,  up  to  one  indi  girt^  taken  down 

regilt  and  refixed,  per  yard 
For  every  |  inch  extra  width^  add  . 
Ebon  lines,  drawn  ont  in  panels,  per  foot 
Light  and  shadowed  lines,  „ 
Do.    with  shaded  margin,  3  inches  wide 


SCAGHOLA. 

Gray  Granite  or  Porphyry,  on  slate,      per  foot 
Statuary,  black  and  gold       .       .  „ 
Sienna,  Verana,  Giallo  antico,  or  Eondara 
Brocadilla,  or  E;gyptian  green 
Yerd  Antique,  or  Lapis  Laznli 
Oolnnms,  inclnding'skeleton,  extra 


tt 

99 
99 
tt 


1. 


0  Oi 
0  0| 
0  03 
0  1 

0  1 
0 

0  3 
0  4: 


MOITLDXN0. 


S. 

0 
0 
0 

0 
0 

0 

0 


d. 
3 
3 

^ 

6 
7 

8 


010 


Black 
gold. 


S.  il. 

0  € 

0  7 

0  9 

Oil 

1  1 
1  2 
1  4 
1  8 


Gold. 


s.  d, 
0  9 
010 


1 

1 

1 
1 
2 
2 


0 

2 
6 
9 
0 
4 


1  0 

0  2 
0  01 

0  1 
0  2 


6  6 
6  0 

7 
7 
8 
1 


0 
6 
0 
0 


BUULDM^^  PiilCES.  699 


DiBTBHPBBma. 


Ouce. 

Twice. 

t. 

g.  dL 

Wftshing,  stopping,  and  whitening     .        per  yard  0 

0  5 

'„             cream  tint      *      •  » 

u 

* 

0  6 

„             drab,  fawn,  ^ey  „ 

5 

0  8 

crroan  lilaA  at  TtoaO,il  blOflSODl 

0 

o 
0 

0  10 

„             pea  green  or  UgM  blue  with 

verditer    ...  „ 

1 

0 

1  4 

clouded  ceilings       .  » 

2 

0 

If  one  coat  oi  oil  color  add          .         .  » 

0 

2 

Ditto    in  ^TpB         •      .      .      •  '.  „ 

0 

3 

Plain  cornices  per  foot  snper.,  half  the  above  prices. 

Enriched  ditto,  two-thirds. 

Sect.  X. — Glazier^s  Prices, 

CKOWN  GLASS  IN  NEW  SASHES. 

At  per  Joot  super. 


Best 

Best. 

Thirdfl. 

Fourths. 

Ground. 

f.  d. 

8.  d. 

8.  d. 

«.  d. 

s.  d. 

Sqiuucesfrom  3ft.0m.  to  3ft.6in. 

1  4 

1  2 

1  1 

0  9 

2  0 

2    6     „8  0 

1  2 

1  1 

0  11 

0  8 

1  10 

2    0     „2  6 

1  0 

0  n 

0  9 

0  7 

1  8 

1    6      „  2  0 

0  11 

0  10 

0  8 

0  ^ 

1  6 

,f  under  the  above    .   .  . 

0  9 

0  8 

0  7 

0  oi 

1  3 

For  flatted  glass  add  one  third,  and  for  bent  two  thirds  to  the  above. 


PATBKT  PLATE  aULSS  IN  BQUABBS  VOS  aLAZIHG. 

At  per  foot  super. 


BEST. 

No.l. 

No.  2. 

No.  8. 

No.  4. 

8.  d. 

s.  d. 

«.  t2. 

s.  d. 

6  by  4  and 

under 

9hy7  . 

1  2 

1  3 

1  4 

1  5 

9  by  7 andnotabove  10 by  8  . 

1  3 

1  4 

1  & 

1  6 

lObyS 

tt 

1ft.  . 

1  8 

1  10 

2  0 

2  2 

1ft. 

»» 

Hft.  . 

1  11 

2  0 

2  2 

2  4 

lift. 

M 

2  ft.  . 

2  2 

2  4 

2  6 

2  9 

2ft. 

3  ft.  . 

2  4 

2  7 

2  9 

2  11 

3  ft. 

it 

4I>  .  . 

2  fi 

2  9 

2  11 

3  1 

4ft. 

n 

<S  it. 

3  0 

3  3 

3  0 

3  0 

8  ft. 

>» 

10  a.  . 

3  3 

3  6 

3  9 

4  0 

10  ft. 

n 

12  ft.  . 

3  6 

3  9 

4  0 

4  3 

TOO 


BDILDEBff  ntlCBS. 


For  seconds  np  to  1  foot  6  inclies  deduct  Id.  and  for  all  above  that  size  ScT. 
No,  1  ATefAgea  l-16tli  of  an  inch,  in  tMcknesa  and  13  oz.  weight  to  the  foot. 
No.  2  „     l-12th  ..  17 


No,  3 
No.  4 


ft 


i-iodi 


21 
24 


OOLOUItBD  GLASS. 

Beat.  SeoondB. 

$.    d.  s*  d. 

Yellow  and  lemon,                 p«r  foot  sapor.         2   6  19 

Orange,  blue,  purple  and  red          „            .3   3  2  S 

Oroon,  flashed  ruby,  and  blue           „             •         3   9  3  0 

EmboBaed  glaas  iram.  „  .  2  6 
Eoaettes  per  inch                       »  .08 


CROW  aiASB  STOPPBD  IN  OLD  SASHES. 


Beat. 

Seoonds. 

Thirds. 

s.  d. 

s,  d. 

s.  d. 

In  squares  3  ft.  U  in.  to  3  ft.  6  in.  per  foot  super. 

2  0 

1  8 

1  3 

Ditto     2     6      „3     0  „ 

1  8 

1  5 

1  'A 

Ditto    2     0     „2     6  „ 

1  6 

1  3 

1  1 

Ditto    under        2    0  „ 

1  8 

1  1 

1  0 

HOBTIODUnnUL  CHiAflS,  IH  LIflHTS,  OLAZBD. 


Not  above  12  in.  long,  and  10  in.  wide,  per  foot  super. 
Do.        8  ft.  snper.,  and  not  above  iO  in.  long  . 

TLU^CXn  QLABb,  GLAZED. 

10  in.  by  8  in.,  and  not  above  1^  ft  per  ft.  snper. 
l^ft.  do.      2  „  . 

2  „  do.  2ft.6m. 

2^  „  do.      8  „  . 

Best  flattened  crown  glaas,  per  foot  snper.,  extra 


n 


I* 


13 

16 

21 

OK. 

OS. 

OB. 

$.  d. 

«.  d. 

s.  d. 

0  6 

0  7 

U  6 

0  6 

0  7i 

1  0 

1  1 

1  5 

1  1 

1  8 

1  7 

1  4 

1  6 

111 

1  5 

1  7 

2  3 

0  4} 

BUUDSBff  FBICm 
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Under  1 

sapei 

rficial  foot  . 

per  foot 

0 

1  9 

1  ft  aad  tinder  2  feet  . 

•           •  »> 

0 

2  8 

2  ft. 

n 

3fi 

•      «  »» 

0 

2  6 

8  ft. 

t* 

4  ft. 

•           •  i» 

0 

2  9 

4ft. 

*» 

6  ft. 

0 

3  0 

6  ft. 

ft 

8  ft. 

•           •  tt 

0 

8  8 

Sft 

» 

10  ft.  . 

0 

8  6 

10  ft. 

n 

12  ft. 

■                •  it 

0 

3  8 

12  ft. 

tf 

Ufli. 

•  » 

0 

3  10 

14  ft. 

» 

16  ft. 

•                •  It 

0 

4  0 

16  ft. 

»t 

18  ft.  . 

•        •  It 

0 

4  2 

18  ft. 

ti 

20fi;. 

•                •  tt 

0 

4  4 

20  ft. 

n 

2.5  ft 

•         •  »» 

0 

4  6 

25  ft. 

» 

80ft. 

•  'It 

0 

4  0 

80  ft. 

W  ft. 

•  tt 

0 

4  11 

35  ft 

tt 

40  ft. 

•                •  It 

0 

5  2 

40  ft. 

» 

45  ft. 

•         *  It 

0 

5  5 

45  ft. 

tt 

60  ft. 

•                •  » 

0 

5  8 

50  ft;. 

tt 

55ft;. 

•         •  »> 

0 

5  10 

55  fi^ 

tt 

60  ft. 

*                '  >» 

0 

6  0 

60  ft. 

tt 

65  ft.  . 

•         •  tt 

0 

6  8 

65  ft. 

tt 

TOfl;. 

*                •  » 

0 

6  6 

Glazbg  4:(L  per  foot  extm* 

GroQiid  edges  6(2.  per  foot  nm. 

BO0aH  PLAIB  eiiASS. 
At  per  foot  super* 


X 

inch. 

inch. 

1 
inch. 

1 
inch. 

inch. 

2 

iQches. 

Not  above  15  In.  long  . 

Above  15  in.  andnotabove  35 
„  85  „  75 
,t  75  „  100 
„  100  and  upwards. 

«.  cL 

0  11 

1  0 
1  3 
1  5 
1  6 

9,  d* 

1  5 

1  6 

2  0 
2  1 
2  6 

9.  d, 

8  0 

3  4 

4  0 

4  6 

5  0 

f.  d, 

4  6 

5  0 

6  0 

7  0 

<.  <2. 

5  3 

6  0 

7  0 

f.  d, 

6  0 

7  0 

8  0 

8  6 

10  0 

11  0 

If  ground  on  one  side  add  ^  per  foot 
If  smootli  on  one  side  and  polished  the  other  2t* 
Balding  rongh  plate  29,  per  foot 
Do.  polished  plate  8s. 
For  silvering  plate  {^s  add  one  fifth  and  for  embossing  do.  5t.  per  foci 
svqper.  on  Bqoares  not  exceeding  6  feet 
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builders'  prices, 


EAKXLST'S  patent  BOVGH  PLATB  aiiASS»  IKCLUBINO  ftLAZma. 


THICKNESS. 


1 

«.  d. 

<.  d. 

». 

d 

«.  <?. 

«.  dL 

Under  3  ft.  superfidal 

0  8 

0  10 

0  11 

1  1 

1  2 

>»             •  ♦ 

0  9 

0  11 

1 

0 

1  2 

1  4 

«  5 

»       •  • 

010 

0  u 

1 

1 

1  3 

1  5 

«  6 

on 

1  0 

1 

2 

1  4 

1  6 

«  10 

»       ♦        •  • 

X  0 

1  1 

1 

3 

1  5 

1  7 

„  12 

»             •  • 

1  0 

1  1 

1 

4 

1  6 

1  8 

15 

>i       •        •  ♦ 

1  0^ 

1  2 

1 

6 

1  7 

1  9 

„  20 

»i  • 

1  1 

1  3 

1 

6 

1  8 

1  10 

25 

»}       •  • 

1  4 

1 

7 

1  1) 

1  11 

«  30 

n                     •  • 

1 

8 

1  10 

2  0 

Qnarriefl, 

010 

0  11 

8UNDRIBS. 


£ 

s. 

d. 

New  lead  lights  with  squares  6  in.  by  4  in.,  per  fU  super.  . 

0 

0  11 

Do.            do.       to  10  by  8               „         .  . 

0 

1 

1 

If  witli  quarries  add  one  fourth. 

Quarries  stopped  in  old  lead  lights  each     .        „        .  , 

0 

0 

2 

Squarea  under  7  by  />     .        .         .       .    „   .       .  . 

0 

0 

3 

„         7  by  5  and  under  8  by  (»    .  „ 

0 

0 

5 

„         9  by  7  and  under  10  by  8       •    „  . 

0 

0 

8 

New  leading  old  lights,  per  foot  super.     .        „        ,  . 

0 

0  10 

Kepairing  and  part  leedbg  do.         .        •    „  . 

0 

0 

6 

Casements  pinned  in  each                   *     •  m 

0 

0 

8 

Puttying  windows  or  skylights,  each  side,  per  doz.  squares 

0 

0 

2 

Gleaning  windows  per  dosen  squares  common  size     .      .  . 

0 

0 

6 

T>o.                      ,,               large  ... 

0 

1 

0 

Moore's  moveable  glsss  louvre  ventilators,  zinc  frames  and 

levers,  brass  rivets,  16  oz.  dieet  glass,  rough  edges,  per  foot 

0 

8 

0 

Do.  21  oz.  sheet  glass,  rough  edges                 .     per  foot 

0  10 

0 

Do.  patent  plate,  ground  edges        ....  „ 

0  16 

0 

Brass  frames  and  leveis,  British  plate,  ground  and  polished  edges 

1 

3 

0 

BiniDEBS'  JFEIGE& 
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Qlass  tiles,  each 

Bo.    elates,  each  24  in.  by  2  in. 
Do.      do.         20    „  10  „ 
Do.      do.        le   ,t    8  „ 


THI0S1II88B. 


inch. 

\ 

inch. 

«;  d. 

s.  d. 

s.  d. 

s.  d. 

9.  d* 

0  8 

1  0 

1  G 

2  0 

2  6 

•1  10 

2  0 

3  10 

4  6 

5  6 

1  0 

1  5 

2  9 

3  3 

3  10 

0  10 

1  6 

[a  u 

i2  4 

2  y 

Sect.  XI.— ^me  ;Por^«  iVuses. 
Malleable  siikc  laid  with  rolls,  inoluding  labour  to  laying,  complete. 


OAUOB. 

No.  10 

11 

12 

18 

14 

16 

16 

Weiglit  per  foot  auperficial 

14 

ox. 

16 

oz. 

18 
oz. 

21 

oz. 

24 

oz. 

2G 

oz. 

30 

oz. 

ElatB, 

Veraadalie,  „ 
Gutters,  „ 

&.  d. 
0  5 
0  6 
0  5} 

0  6i 
0  7 
0  6 

«.  d. 
0  6 
0  7) 
0  6} 

d. 

0  6i 
0  8 
0  7 

0  7 
0  8i 
0  7J 

0  8 
0  9^ 
0  8i 

«.  <7. 
0  9 
010| 
0  9} 

aUTIBBS  AND  BAIN  WATBB  PIPBS. 


At  per  foot 


OoCtan. 

0.  0. 

ftpM. 

SfMI* 

Hrada, 
eacih. 

0.  G. 
e6oh. 

Octagoo 
Heads, 

Shoes 

«.  d. 

«.  d. 

t.  <!. 

«.  d. 

«*  <2. 

2  inches      .         .  . 

0  8| 

2  0 

2  9 

3  8 

1  4 

0  4 

2  n 

6 

4  P 

1  7 

8    „         .         .  . 

0  3i 

0  5 

0  5 

2  9 

4  3 

5  4 

2  0 

3J  „ 

0  4 

0  6^ 

0  5J 

3  3 

4  9 

5  9 

2  4 

4 

0  4| 

0  6| 

0  6 

310 

5  S 

6  3 

2  8 

0  5 

0  7 

0  7 

4  2 

6  0 

6  9 

210 

6  „ 

0  5^ 

|0  7i 

0  7^ 

410 

6  G 

7  3 

3  2 

704 


BUILDEBS*  FBICE8. 


Cliimney  pipes^  per  foot 
Malthonae  cowls,  eadi 
Lobster  back  oowIb,  wsh 
Smoke  diBpeneis 


DIAMSTSB. 


2  6 

4  6 

6  6 

7  e 


11  !  12 

inch,  1  inch. 


$*  d. 

2  9 

5  6 

7  6 

8  0 


a  0 

6  6 

8  6 

9  0 


Perforated  plates 

Do.  fitted  into  squares . 
Metal  elqrUgbts  and  ika  lights 

Do.  large  stout  made  . 
Ventilatmg  tops  according  to  size  up  to 
Bell  tubing,  verandah  capa  and  roles  . 
Ean  light  and  skyli^t  bar 
Zinc  nails  for  slates 

Do.  tacks  » 
Soft  solder 
Zinc  worker 
Xabonrer 
Flnmbic  sine. 


it 


£  g.  d. 

per  foot  super.  0  0  4J 

0  0  6 

0  2  6 

0  8  0 

15  0 

per  lb.  0  0  6 

.  „      0  0  7 

0  0  7 

.   „      0  10 

0  0  10 

per  day  0  6  0 

„      0  4  0 

perewt  1  14  0 


OALVANIZED  TIKKED  IBON, 
Plain  galvsniaed  tinned  iron  for  roofe  or  flats  laid  complete 


with 

No.  28 

Do. 

«  • 

M 

Do. 

*            *  * 

22 

Straiglit  corrugated  . 

24 

Do. 

»  • 

22 

Do. 

20 

Do. 

If 

18 

Carved 

»  • 

24 

Do. 

»  • 

22 

Do. 

*$  • 

20 

Do. 

18 

Do. 

« 

16 

l> 


» 


n 


»» 


»» 


i» 


II 


2 
2 
2 

2 

2 

3 


0 
8 
16 

12 

18 
6 

3  18 

2  16 

3  3 

8  15 

4  0 
4  18 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


BDILDEBB*  FBICES. 
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STBAH  AND  GAS  VITIINCIB  EXOLUSIVB  OF  VDOSQ, 


2 
inch. 


ft 

it 


8.  d 

1  9 

2  1 

3  101 


3  6 


3  6 

4  S 

1  4 

1  0 
3  8 

16  0 

UA  0 

1  10 

2  9 

10  0 


1  2  0  100  8  0  7  0  6 
1  lo|l  1  a  ll|o  9  10  8 

0  9 

0  9 

1  6 


1  9 

1  9 

2  6 


1  0 

1  0 

1  9 


09070606 


0  7 
2  2 

9  0 

13  0 

1  3 

1  4 

4  9 


0  6 

1  8 

5  6 

8  0 

1  0 

1  0 

3  3 


0  5  0  4 


0  8 

0  7 

1  2 


1  2 

4  6 

5  0 
0  10 

0  9 


3  0 

3  0 

0  7 


Patent  wrought  iron  ^ 

welded  tubing,  per  ft.  J 
Ditto  galvanized  „ 
Bends   and   Bprings,  ^ 

WToaglity  eachj 
Bends  and  elbows,  „ 
T*8  equal  &  diminiBh'l 

ing  oodets,  eaoli  J 
Oroeses,  eqtial  outlets,  „ 
Diminishing  sockets  or') 

nippleSjCaps  or  plugs,  > 

&  hexagon  nuts,  each  ) 
Plain  sockets,  „ 
Connecting  pipes  or  "j 

long  screws,  eachj 
Iron  cocks  screwed  to  \ 

fit  eaok) 
Brass  main  cooks. 
Flanges, 

Stout  tin  pipe,  per  foot 
Union  joints  for  metal  \ 
pipes,       .       each  J 
Strong  do.  for  iron  „ 

3  light  gas  meters 
5  do.  do. 
10  do.         do.  . 


Sect.— Xn.  CoppenmUhU  Prices. 

Oopper  pipes  for  main  water,  m!^  rings  and  tacks  com- 
plete, per  foot  ran : — 
2linch  .... 

3 

3J 

Ck»pper  erutters  semiciroular,  arwired,  complete  :  

6  inches  girt,  per  foot  run 
8 

10 
12 

Tinned  do-,  2d  to  id.  extra.    Fixing  extra. 


^ 

ioctu 


i.  d. 
1  1 

1  4 

2  4 

2  0 
2  0 
2  9 

0  lOi 

0  8 
2  4 

11  0 

18  0 

1  7 

2  0 

6  0 


n  I  1 


inch. 


0  11 0  8  0  6 


inch. 


3 

inch. 


8.  d. 
0  5 


i 

inoh. 


8.  d, 

0  ^ 


9.  d. 
0  4 


0  G 

0  6 

1  0 


0  100  9 


0  4 


0  3 


inch. 


I 

inch. 


0  ^ 

0  5^0  S 
0  7  0  6 


0  5 


0  4 


1  4  10  100  8 

2  3  18  14 


2  6 
2  6 

0  6 


0  6  0  4 
0  9  0  9 

0  3  0  3 

0  2|0  2 
0  8  b  7 

2  0  19 

2  0 

0  5 
0  7 


Sm  d, 

2   0  0 

2  10  0 

3  0  0 


n 


it 


>t 
it 


0  12 

0  18 

0  19 

0  1  11 

0  10 

0  13 

0  16 

0  19 


BDILDEBS*  FBIGEB. 


•Spike  and  screw  prepared  with  copper  ties,  Is.  to  Is.  6<i.  each. 

Copper  dstem  heads,  from  Is.  Sd.  to  12t.  6dL 

12  OS.  copper  for  flsta  and  gutters,  indnding  BeamSi  labour, 

ties,  and  ludlB,  per  ft.  super.  .  ..CIS 

16  oB.              „           .      „  „  .018 

20  oa.              „                „  „  .020 

For  Terandahs,  add  per  foot          .         .  .002 


GOPPBB  PIPES. 


Priee. 

Jointo 

a. 

«.  d. 

2  iach 

per  foot  rnn 

1* 

2  8 

6  0 

I* 

If 

3  8 

6  8 

3 

4  0 

7  0 

8J 

n            •  • 

4  6 

7  6 

4 

ft               •  • 

z 

o  4 

9  0 

6  4 

11  0 

5  „ 

7  9 

13  0 

Sheet  copper 

per  lb. 

1  0 

Waahing  copper 

»»       •  • 

1  8 

Sect.  XHL-^Wire  fVorkeft  Prices. 


£  $,  d. 


per  foot  super. 


Iron  wire  for  skylight 
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CHAPTER  XXL 

ON  DILAPIDATIONS  AND  NUISANCES. 

Sect.  L — General  JJe/imtiom, 

The  rights  of  parties  with  respect  to  Immoveable  property 
so  closely  border  ou  each  other,  aud  the  line  of  demarcac 
tioQ  betweeii  them  is  so  indistinct,  that  one  nkaiij  in  the 
^ded  exercise  of  his  righti  is  continually  liable  to  en- 
croach upon  or  disregard  the  right  of  another.  No  person^ 
however  absolute  his  property  in  lond^  can  pnt  it  to  any 
use  he  pleases;  his  right  to  use  is  restrained  by  the  rights 
of  his  ndghboor ;  he  is  bound  to  take  care  that  his  man- 
ner of  using  does  not  interfere  with  the  inoffensive  and 
profitable  occupation  by  his  neighbour  of  his  land.  Ques- 
tions a^  to  the  mode  in  which  lands  should  be  used  may 
arise,  either  between  parties  who  have  different  righl^  to 
the  same  land,  and  between  whom  there  is  a  privity  or 
connection  of  interest  as  between  landlord  and  tenant, 
tenant  for  life  and  remMnderman^  or  incumbent  of  a  bene- 
fice and  hi?  patron  or  successor,  or  between  |)arties  who 
are  strangers  to  each  other  in  respect  of  the  Lmd  used,  as 
the  occupiers  of  two  adioiniue;  tenements.    In  cases  where  DUtinction 

.     between  Di- 

there  is  a  privity  in  respect  of  the  land,  every  defect  in  ^Majdwaac 
the  condition  of  the  land  or  house  is  termed  a  dilapidation, 
and  the  act  or  default  of  the  tenant  causing  or  permitting 
such  defect  is  termed  waste:  in  cases  where  tenements, 
from  misuser  or  defect  of  repair,  become  injurious  to  a 
stranger,  the  act  or  default  of  the  party  is  termed  a 
nuisance.  If  a  landlord  complain  that  his  tenant  has 
dilapidated  the  premises  leased,  he  must  prove  that  the 
dilapidations  in  question  are  such  as  dther  the  general 
nature  of  the  tenure  or  the  particular  stipulations  of  ihe  lease 
oblige  the  tenant  to  repair;  but  if  the  possessor  of  a  house 
complain  that  his  ndghbour  has  obstructed  his  lights  or  in- 
jured his  foundation,  he  must  establish  his  right  to  the  lights 
or  foundation  injured,  and  by  so  doing  he  proves  the  obliga- 
tion of  the  neighbour  not  to  infringe  those  rights.  The 
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party  complaining  of  a  dilapidation  must  show  an  original 
inherent  qualification  of  the  presumed  absolute  riglit  of 
the  party  possessed:  the  party  complaining  of  a  nuitouuce 
haa  to  prove  either  liiat  the  party  complained  of  has  ex- 
ceeded his  presumed  absolute  right,  or  has  granted  a  poi^ 
tion  of  it  to  him,  and  has  derogated  from  that  grant. 

WMt«  de.  Waste  may  be  defined  as  the  act  or  default  of  one  party, 
having  a  right  to  use  a  tenement  to  the  injury  of  another, 
having  a  right  to  the  same  tenement.~lfois8noes  compre- 

NuisaDc«f  hend  all  nuisances  which  are  the  acts  or  de&ults  of  the 
.  possessors  or  tenements  to  the  injury  of  strangers,  or  of 
parties  interested  in  the  neighbouring  tenements. 

obii^tiun      It  is  only  where  the  right  to  use  is  limited  in  point  of 

what^EstatM  duratiou,  and  the  right  of  the  successor  certain  to  take 
eroct,  that  there  can  be  any  obligation  to  repair ;  thus 
tenant  in  fee  simple  and  tenant  in  tail  are  under  no  obli- 
gation in  this  respect.  It  is  not  essential  that  the  right  of 
succession  should  be  vested  in  any  certain  person,  if  there 
be  a  right  of  succession  which  is  certain  to  take  effect ; 
thus,  in  the  case  of  an  ecclesiastical  benefice,  though  the 
succes.-or  he  not  known  until  after  the  incumbent's  estate 
is  determined,  he  is  under  an  obligation  to  repair,  which 
the  successor  may  enforce  against  him  or  his  represen- 
tatives. 

Nntiiroof       The  obHgation  to  preser\'e  from  dilapidations,  resulting 
n^^T"^    from  the  right  to  use,  varies  with  the  nature  and  extent  of 
that  right ;  different  tenants  being  hound  to  different  re- 
pairs, according  to  the  nature  of  their  estates,  and  the 
covenants  and  conditions  to  which  they  agree.    To  suffer 
dilapidations,  is  called  Permissive  Waste ;  and  to  do  any 
'  act  which  will  cause  dilapidations,  is,  in  legal  language,  to 
ylhS^  commit  voluntary  waste. 

Aitmtion  of  The  rule  against  Voluntary  Waste  includes  an  alteration 
TtuMom*.  •  tenement,  although  it  be  not  thereby  rendered  less 
valuable,  or  even  though  the  effect  of  the  fJteration  be  to 
increase  the  value. 
Division  of  Hence  there  are  three  species  of  waste,— permissive^ 
voluntary,  and  malicious.  Permissive  waste  is  of  five  sorts: 
first,  the  neglect  to  repair  the  necessary  effects  of  time  and 
use ;  second,  the  neglect  to  repair  the  consequences  of  in- 
evitable accident;  third,  the  neglect  to  repair  the  external 
or  internal  coverings  of  a  building ;  fourth,  the  cmiisnon 
to  protect  the  fabric  of  the  building  from  the  consequences 
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of  dilopidalioiis  in  the  ooverings ;  and,  fifth,  the  omission 
to  prevent  the  wrongful  act  of  a  stranger.    The  obliga-  ^^i^^^^. 
tione  of  parties  with  respeet  to  dilapidations  maj  he>*^' 
ranged  into  three  dassee. 

Of  the  first  class,  are  the  obligation  to  repair,  of  the  oMjpgflgof 
incumbent,  of  an  eoolesiasticai  benefice, — the  obligation  of 
the  public  to  repair  churches,  hif^hway^,  bridges,  and 
sewers.  The  incumbent  of  a  benefice  receives  the  whole 
profits  of  the  tenements  of  which  the  benefice  is  endowed, 
and  ia  bound  t'>  suy)ply  the  necessary  eftects  of  time  and 
use,  and  the  conse^juences  of  inevitable  accidents,  upon  the 
buildings  attached  to  the  benefice. 

The  public  have  the  sole  ri^ht  to  use  churches,  high-  or  Puwic  to 
ways,  bridges,  and  sewers,  and  they  are  all  interested  in  churchci, 
having  them  kept  in  perfect  repair.    They  must,  at  all  &c 
events,  keep  thcui  la  such  a  state  of  repair  as  is  necessary 
for  the  purposes  for  which  they  are  required. 

Churches  and  highways  are  repairable  by  the  inhabit- 
ants of  the  parish  in  which  they  are  situate.  The  obhgi^ 
tion  is  an  obligation  of  the  parishioners  towards  the  public 
generally^  who  all  have  an  interest  in  the  support  of 
ohnrdies  and  maintenance  of  highways;  and  there  is  also 
an  obligation  of  each  individual  parishioner  towards  the 
general  body,  to  contribute  his  proportion  of  the  expense. 

Bridges  bdng  maintained  at  a  greater  expense  than  uridgea. 
ordinary  highways^  and  not  being  situate  in  every  parish, 
it  tends  more  to  the  equality  of  the  burden  that  the 
diarge  of  repairing  them  should  be  borne  by  a  larger 
district:  for  this  reasou,  the  law  has  imposed  the  obliga- 
tion  of  repairing  bridges  upon  the  inhabitants  of  the 
county. 

Sewers,  which  include  sea  walls,  and  every  other  ereo-  smran. 
tion  or  device  for  the  protection  of  lands  firom  the  inunda- 
tions of  the  sea  or  rivers,  or  for  draining  off  land-waters, 
are  not,  like  churches,  highways,  and  bridges,  beneficial 
to  the  public  generally,  but  only  the  proprietors  of  parti- 
cular levels,  liable  to  be  damaged  by  inundations,  or 
requiring  drain nge.  The  inhabitants  and  proprietors  of  a 
level  alone  are  bound  to  repair  the  walls  and  banks  by 
which  they  are  protected  from  floods,  and  the  sewers  by 
which  they  are  drained;  and  this  is,  in  \fs  nature,  an 
obligation  of  one  proprietor  towards  the  other  pn)prictors, 
who  are  subject  to  a  common  danger  or  inconYemence, 
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and  rather  private  than  pnblici  thoiigli  common  to  many 
indiyidnals. 

Although  the  obligations  to  repair  diurchea,  highways, 
bridges,  and  sewers^  are  equally  well  ascertained,  there  is 
an  observaUe  difference  as  to  the  manner  in  which  they 
are  sanctioned.  It  is  the  duty  of  churchwardens  to  see 
that  the  church  is  repaired:  but  it  is  left  to  the  parishioners 
themselyes  to  determine  what  repairs  shall  be  done, 
and  the  amount  that  shall  be  expended;  if  they  deny 
their  obligation,  the  votes  of  the  megority  denying  the 
obligation  to  repair  are  considered  as  thrown  away,  and 
the  votes  of  the  minority  who  admit  the  obligation,  pre- 
vail; and  if  they  suffer  tiie  church  to  become  dilapidated, 
they  may  be  proceeded  against  ty  ecdesMcal  centres. 
At  common  law,  tlie  repairs  to  dono  to  highways  and 
bridges,  and  the  atnoimt  to  be  expended,  were  equally 
under  the  control  of  the  inhabitants  of  the  parish  or 
county ;  though,  if  they  neglected  to  do  sufficient  repairs, 
they  were  and  still  are  liable  to  an  iDdictment.  By 
statute,  the  repairs  of  highways  are  subject  to  the  control 
of  a  surveyor,  and  those  of  bridges  to  the  justices  of  the 
peace.  The  maintenance  of  sewers  and  sea  walls  was 
never  Yolmitary,  but  was  under  the  direction  of  commis- 
Moneio  ol  the  Crown. 
Te^ta^r'  second  class  includes  the  obligation  on  all  particular 

tenants,  whose  estate  is  less  than  an  estate  of  inheritance, 
except  eccleaastioal  incumbents.  The  law  relating  to  the 
general  obligation  of  these  tenants  to  repair  is  called  the 
Law  of  Waste;  the  law  relating  to  the  obligation  of  ecde- 
siastics  is  caUed  the  Law  of  Dilapidations. 

At  common  law  only  those  tenants  whose  estates  were 
created  by  Uw  were  liable  for  permissive  waste  in  the 
absence  of  express  stipulation.  If  the  estate  was  created 
by  the  party,  and  there  was  no  condition  against  waste, 
or  ooTcnant  to  repair,  it  was  considered  that  it  was  not 
intended  to  {dace  the  tenant  under  any  obligation  to 
repair,  and  the  case  was  presumed  to  be  of  the  third  class. 
The  statute  of  Marlbridge  has  altered  this  presumption, 
and  now  tenants  for  life  and  for  years,  whether  their 
estates  are  created  by  act  of  law  or  act  of  the  party,  are 
equally  liable  for  waste,  as  well  permisave  as  voluntary, 
unless  it  is  expressly  provided  that  they  shall  be  without 
impeachment  of  waste. 
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In  these  CDBes,  it  being  presumed  that  an  equivalent 
fior  the  occupation  is  given  to  the  grantor,  the  teuants  are 
not  bound  to  repair  the  necessary  and  inevitable  effects  of 
time  and  use.  Their  obligation  is  to  preserve  the  tene- 
ments from  premature  decay  by  reason  of  exposure  to  the 
weather,  and  for  this  purpose  to  repair  the  external  and 
internal  coverings  of  the  fabric  of  the  buildings.  They 
are  liable  for  permissive  w&ste  of  the  fourth  sort. 

Mortga  gees,  who,  although  they  have  at  law  an  absolute  MortgigoM. 
c-tatc  in  the  tenements  mortgaged,  are  in  equity  deeraed 
to  hold  them  as  a  pledge  merely,  are  iu  tMjuity  under  a 
similar  obligation  to  the  mortgagors.  Of  course  they  are 
entitled  to  be  allowed  the  sums  expended  in  necea&aiy 
repairs  out  of  the  profits  of  the  prcmisc^s. 

The  obligation  of  a  tenant  for  life  or  years  may  be  ex-  {^y^*^^^ 
tended  by  express  covenant.  Such  covenant  is  construed 
with  reference  to  the  common  law  obligation,  and  imless 
an  intention  to  the  contrary  is  manifest,  docs  not  render 
the  tenant  liable  to  repair  the  necessary  effect  of  time  and 
use,  or  the  inevitable  decay  of  the  fabric  of  the  building. 
In  ordinary  cases  the  obligation  is  against  permissive 
waste  of  the  third  sort.  They  are  idso  liable  to  repair 
dilapidations  caused  by  inevitable  accident. 

All  tenants  who  are  liable  for  permissive  waste  are  re>  2^||||^ 
spondble  for  waste  committed  by  strangers,  which  it  is 
presumed  they  are  able  to  withstand,  and  against  whom 
they  have  a  remedy.  If  the  strangers  are  the  Queen's 
enemies,  or  felons,  their  acts  of  waste  are  in  the  nature  of 
inevitable  accidents,  for  which  tenants  for  life  and  years, 
not  under  covenant  to  repair,  are  not  liable. 

In  the  third  class  may  be  ranged — tenants  without  im-  "^^^^i 
peachment  of  waste  and  tenants  at  will.   Neither  of  these  ptachn  Hntor 
are  liable  for  permissive  waste, — ^the  tenant  without  im-  Ten&nts  at 

Win  ' 

peachment  by  reason  of  the  expressed  intention  of  the 
grantor  of  the  estate;  and  the  tenant  at  will  by  reason  of 
the  infinnity  of  his  estate.  An  estate  at  will  is,  in  contem- 
plation of  law,  of  no  value;  and  therefore  whatever  services 
such  tenant  renders  to  his  landlord,  and  it  may  be  presumed 
that  he  renders  some,  must  be  more  than  an  equivalent 
for  his  estate. 

All  tenants,  except  tenants  without  impeachment  of 
waste  are  liable  for  voluntary  waste;  and  tenants  without 
impeachment  of  waste  are  liable  in  equity,  but  not  at  law. 
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^j^"*  for  malicioiis  waste.  Malicious  waste  consists  in  pulling 
down  the  nuuisioii  honfie^  or  feUing  timber  planted  for  the 
ornament  or  protection  of  the  manBion-honse.  The  Court 
of  Chancery  conddera  that  it  was  not  the  intention  of  the 
grantor  to  confer  the  power  of  destroying  such  things. 
From  this  waste  being  solely  cognizable  in  Courts  of 
Equity,  it  is  called  Equitable  Waste. 

J^^;^'"  Questions  respecting  dilapidations  occaslonaUy  arise 
between  persons  interested  jointly  or  in  common  in  tene- 
ments. In  such  cases  there  is  no  obligation  by  one  to  the 
Other  to  repair  any  particular  dila|)i(latiou8.  One  tenant 
lias  a  remedy  against  his  co-tenant  if  he  commit  voluntary 
waste,  and  may  con i pel  Iiim  to  contribute  towards  the 
necessary  repairs  of  hou>e:^  ;nid  mills. 

The  general  oblis:ati« n  of  neighbours  as  to  party  walls 
and  fences  dividing  tlicir  premises  is  the  same  as  that  of 
tenants  in  conunon,  if  they  are  tenants  in  common  of  the 
wall  or  fence.  One  may  be,  by  prescription  or  contract, 
bound  to  repair  a  fence  so  as  to  prevent  cattle  in  his  land 
from  straying  into  his  neighbour's. 

gjJJjJg^tiJw  subjects  of  dilapidations  are  houses  and  other  arti- 

fidal  erections  and  ways,  gardens,  land,  and  trees.  Things 
made  by  art  demand  the  exercise  of  art  to  preserve  them 
from  decay.  It  is  only  as  to  such  things  that  the  law  of 
permissive  waste  is  applicable.  With  respect  to  gardens, 
lands,  and  trees,  tenants  are  by  the  general  law  merely 
prohibited  firom  conmiitting  voluntary  waste.  But  where 
lands  are  let  for  the  purpose  of  cultivation,  as  they  are 
ahnost  universally  to  tenants  for  years,  they  are  bound  to 
cultivate  them  in  a  husbandlike  manner,  and  according  to 
the  custom  of  the  country;  that  is,  in  the  manner  in  wUch 
&rm-lands  are  usually  cultivated  in  the  part  of  the  country 
in  which  the  lands  leased  are  situate. 

««toin.  It  ig  voluntary  waste  in  gardens  to  cut  down 
the  fruit  trera,  or  destroy  or  remove  the  shrubs  and 
plants  growing  there,  except  for  the  purpose  of  culti- 
vation. 

Landt.  It  is  voluntary  waste  in  land  to  alter  its  nature  so  as  to 
diminifth  its  value  or  affect  the  evidence  of  title;  an  altera- 
tion in  the  course  of  good  husbandry,  which  does  not  ^ther 
diminish  ihe  value  of  the  land,  or  impair  the  evidence  of 
title,  is  not  waste.  It  is  also  waste  to  take  the  substance 
of  the  land,  as  clay  or  minerab,  except  where  open 
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mines  or  quarries  are  leased^  in  whioh  case  there  is  an 
implied  authority  to  continue  working  them. 

Waste  as  to  trees  consists  in  felling  timber  trees,  that  TimiMr. 
isj  trees  which  contain,  or  when  mature  will  contain,  wood 
useM  for  building  purposes.  The  property  in  such  trees 
belongs  to  the  owner  of  the  inheritance,  and  in  the  case 
of  ecclesiastical  property  to  the  Church.  No  particular 
tenant  can  do  any  act  to  destroy  or  injure  their  growth,  or 
fell  them,  except  for  the  benefit  of  the  inheritance,  as  to 
repair  buildings  and  fences  standing  on  the  land  demised. 
It  is  not  waste  to  cut  down  trees  not  timber,  in  such  a 
manner  that  thev  will  grow  atrain,  unless  thev  have  been 
planted  for  some  particular  purpose  implying  permanence, 
such  as  for  the  ornament  or  shelter  of  a  house,  or  for  the 
support  of  a  bank  or  hedge,  or  in  a  field  for  the  shade  of 
cattle.  But  it  is  waste  to  grub  up  or  destroy  any  trees, 
whether  timber  or  not. 

There  is  an  important  exception  to  the  law  against  iixtures. 
voluntary  waste  in  the  instance  of  fixture?.  By  this  ex- 
ception a  particular  tenant,  who  has  umie  erections  or 
fixed  machinery  to  premises  for  the  purposes  of  a  manu- 
facture or  trade,  or  has  added  to  a  house  any  particular 
article  of  ornament  or  domestic  convenience,  which  may 
be  removed  without  injuring  the  house,  is  entitled  to  re- 
move the  things  so  fixed.  From  the  oocasion  and  purpose 
of  the  annexation,  an  authority  firom  the  owner  of  the  in- 
heritance to  fix  and  remove  is  inferred,  and  an  intention 
of  the  particular  tenant  to  abandon  his  property  in  the 
fixture,  which  would  in  ordinaiy  cases  be  presumed,  is 
n^tived. 

A  nuisance  is  an  act  or  neglect  of  a  man  on  his  own  NuUancM  to 
land,  the  consequences  of  whidi  extend  beyond  his  pos-  Lvid; 
sessions,  and  encroach  upon  the  possessions  or  rights  of  his 
neighbour.  The  general  law  as  to  the  limits  of  possessions 
is,  that  he  to  whom  the  soil  belongs  has  a  right  to  all  the 
space  perpendicularly  above  and  below ;  and  therefore,  so 
long  as  the  e^ts  of  an  act  or  neglect  are  confined  within 
those  limits,  there  is,  generally  speaking,  no  nuisance. 
But  if,  in  using  our  land,  we  encroach  upon  or  disturb  our 
neighbour  in  the  enjoyment  of  any  part  of  the  space  above 
or  below  his  land,  such  act  is  a  nuisance ;  as  if  we  build 
so  as  to  overhang  our  neigbbour*s  land,  and  cause  the 
water  from  the  eaves  of  our  building  to  fall  upon  his 
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land,  or  if  we  carry  on  a  noisome  and  offensive  trade^ 
80  as  to  corrapi  the  air  over  the  adjoining  land  with 
noxious  effluvia,  or  disturb  it  with  deafening  noises,  or 
dig  under  the  foundation  of  a  house  standing  thereon. 

It  would  manifestly  interfere  with  the  conveniences 
of  society,  if  every  noise,  or  every  smell,  which  the  deli- 
cate perrrptions  of  a  neighbour  considered  disagreeable, 
amounted  u_i  a  nuisance;  the  law,  therefore,  modifies  itself 
to  the  exigencies  of  mankind,  and  determines  that  the 
noise  or  stench  must  be  so  considerable  in  degree,  and  so 
lont^  continued,  as  to  destroy  the  comtbrt  of  a  person  of 
ordinary  .>ensibiiity  in  the  occupation  of  his  property. 

ToEuenmt  Our  neighbour  may  by  grant,  or  by  long  enjoyment, 
which  causes  a  grant  to  be  presumed,  acquire  an  easement 
over  our  land,  for  the  more  convenient  or  profitable  occu- 
pation of  his  own,  by  which  his  rights  spread  themselTes 
into  our  possesdons,  and  become,  as  it  were,  interfused 
with  ours,  and  operate  to  control  us  in  the  use  of  our  land; 
in  such  case  it  is  a  nuisance  to  obstruct  his  enjoyment  of 
such  easement,  though  we  do  not  encroach  upon  his  terri- 
tory: thus,  if  we  ^ve  him  permission  to  build  upon  the 
verge  of  his  land,  and  to  open  windows  looking  over  our 
land,  he  acquires  right  to  our  land  for  the  support  of  his 
house,  and  to  the  £ur  over  our  l»id  for  light  to  his  house, 
which  ri|^ts  are  called  easements;  and  we  cannot  dig  into 
our  land  so  as  to  wealcen  the  foundation  of  his  house,  or 
build  so  as  to  darken  his  windows,  though,  if  he  had  ac- 
quired no  right  to  those  easemeuts,  either  by  grant  or 
prescription,  we  might. 

Hnbuo*.  tenement  be  used  so  as  to  prejudice  the  whole 

neighbourhood,  or  to  injure  a  public  right  of  way,  it  is  a 
public  nuisance;  and  the  parties  causin<x  it  an  }  unishable 
by  indictment,  at  the  suit  of  the  Queen,  and  uot  by  action 
at  the  suit  of  an  individual,  unless  he  ha&  sustained  some 
particular  injury  over  and  above  that  inconvenience 
which  he  has  suffered  in  common  with  the  rest  of  the 
public. 

Sbot.  IL — DUapidaiions  hy  Tenants  for  life  and  Vears, 

paitiwiiKbte    By  the  common  law,  only  tenant  in  dower,  tenant 
TuiMtiv*  by  the  curtesy,  and  guardian,  were  punishable  for  waste, 
«teoait«a7»  ii^uji^imQ  their  estates  being  created  by  the  law,  the  law 
annexed  to  them  the  condition  that  they  should  ndth^  do 
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nor  permit  waste;  but  a  tenant  for  life  or  for  years,  whose 
estate  was  created  by  act  of  the  party,  was  not  liable  for 
waste,  (that  is,  for  permissive  waste,)  unless  the  grantor  so 
stipulated;  the  parties  being  at  liberty  to  contract  as  to 
the  manner  in  which  the  tenements  shoiihi  be  used  :  the 
law  did  not  imply  a  coniiiuon  against  waste  in  cases  where 
they  did  not  so  j)rovide.  This  was  remedied  by  the  statute  fgjjyj^ 
of  Marlbridge,  which  provides  "  that  farmers  during  their 
terms  shall  not  make  waste  or  exile  of  houses,  woods,  or 
men,  or  of  any  thing  belonging  to  the  tenements  that  ihej 
have  to  farm,  without  special  license  had  hj  writing  of 
covenant,  making  mention  that  they  may  do  it,  which 
thing  if  they  do  and  thereof  be  convict,  they  shall  yield 
full  damage,  and  be  punished  by  amerciament  grievously."* 
The  statute  of  Glocester  further  enacts,  that  a  man  from  of  ciooeiter 
henceforth  shall  have  a  writ  of  waste  in  the  Chancery 
against  him  that  holdeth  by  law  of  England  or  otherwise 
for  term  of  life  or  for  term  of  years,  or  a  woman  in  dower; 
and  he  who  shall  be  attiunted  of  waste  shall  lose  the  thing 
that  he  hath  wasted,  and  moreover  shall  recompense  thrice 
80  much  as  the  waste  shall  be  taxed  at." 

These  statutes  extend  to  every  description  of  tenant  for  Twatttfar 
life  or  years,  whether  created  by  grant  or  devise,  to  a  party  vesn. 
to  whom  lands  are  granted  for  an  uncertain  period  to  a 
tenant  from  year  to  year,  for  a  year,  or  half  a  year* 
Although  a  tenant  in  tail  after  possibility  of  issue  extinct 
19  not  punishable  for  waste,  yet  if  he  grant  over  his  estate, 
his  nssignce  is  but  tenant  for  life,  and  liable  therefore. 
£very  person  in  whom  the  estate  for  life  or  years  becomes 
vested  as  assignee ,  executor,  or  occupant  of  an  estate 
per  auter  vie,  takes  it  subject  to  the  condition  against 
waste. 

A  guardian  in  soccage  is  liable  for  waste,  voluntary  (iuwdiw  la 
or  permissive,  but  not  for  waste  done  by  a  stranger.  Soeoas*- 

Tenants  at  will  (that  is,  those  who  hold  merely  at  Teoaat»t 
the  will  of  the  lessor,  and  whose  estate  may  be  determined 
at  any  time,  not  tiiose  who  hold  uuder  yearly  tenancies 
determinable  by  notice,  and  who  are  sometimes  improperly 
termed  tenants  at  will,)  are  uot  included  in  the  statute  of 
Marlbridge  or  Glocester,  and  are  not  bound  to  do  any 
repairs;  but  still  they  cannot  lawfully  commit  voluntary 
waste. 

The  estate  of  tenant  at  will  is  so  infirm,  that  it  is 
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reasonable  that  he  should  not  be  bound  to  do  any  repairs, 
since,  if  he  expend  money  upon  the  tenements,  his  lessor 
may  immedifttely  determine  his  interest,  and  prevent  lum 
from  deriving  any  advantage  Arom  sucli  outlay;  and  if  the 
tenements  are  falling  into  decay^  it  is  always  in  the  power 
of  the  lessor  to  enter  and  take  measures  for  their  preser^ 
Tation. 

Ltauutyof  Waste  is  of  two  sorts,  yolantary  and  permissiTe* 
IjwnriMtve  Acooroing  to  the  old  cases,  every  tenant  for  life  or  years 
"  within  the  statute  of  Glocester  is  liable  for  waste  in  the 
same  degree;  but  in  modern  times  doubts  have  been  en- 
tertained, though  it  would  seem  without  any  sufficient 
foundation,  whether  a  tenant  firom  year  to  year,  or  a 
tenant  for  years,  not  under  covenant,  is  liable  for  permis- 
sive waste.  Ko  distinction  can  in  reason  be  made  between 
a  tenant  for  life  and  a  tenant  for  a  year,  or  for  a  part  of 
year.  Each  is  a  farmer  within  the  statute  of  Marlbridge 
and  a  tenant  within  the  statute  of  Glocester,  and  each  is 
made  liable  by  the  same  words;  and  there  is  no  provision 
that  one  shall  be  liable  for  one  sort  of  waste  and  one  for 
another. 

Waste  in  The  statute  of  Marlbridge  prohibits  waste  or  exile 
BoUdiagT'^  of  houses,  woods,  or  men,  or  any  thing  belonging  to  the 

tenements  had  to  farm.    These  words  are  large  enough  to 

include  every  thing  that  is  part  of  the  tenements  demised. 
The  books  enumerate  buildings,  gardens,  lands,  and  woods, 
as  the  subjects  of  waste.    It  is  proposed  to  state  the  law 
applicable  to  each  of  these  subjects  separately, 
Firrt,  And  first,  of  waste  in  houses  and  buildings.    It  has 

vdnntuy.  j^^^^  expressly  decided  that  the  law  of  waste  extends  not 
only  to  dwelling-houses,  but  to  every  deseription  of  build- 
ing, such  as  outhouses  and  barns,  The  word  houses  in 
the  statute  iuclndes  every  description  of  building:  but  an 
ineoniplete  baildiug,  such  as  a  pale,  a  post,  or  an  uncov- 
ered wall  (which  probably  means  erections  not  forming 
part  of  a  building  or  a  fence),  are  not  subject  to  the  law 
of  waste. 

Yoluntaiy  waste  is  a  wilful  act  committed  by  the 
tenant  or  by  his  orders,  by  which  die  tenements  are  d^ 
stroyed,  injured,  or  altered:  it  is  voluntary  waste  in  a 
house  to  prostrate  it,  or  to  destroy  or  remove  any  part  of 
it,  as  a  post,  a  door,  a  window,  a  furnace,  a  bench,  or 


TENANTS  FOR  LIFE  AND  YEAEIS. 


717 


wainscot  &ced  to  the  house.  The  rule  against  voluntary 
waste  extends  to  additions  made  to  the  house  hj  the 
tenant  himself:  thus  it  has  been  decided  that  *^  glass 
annexed  to  the  windows  by  nails  or  in  any  other  manner 
by  the  lessor  or  the  lessee  cannot  be  removed  by  the  lessee^ 
for  without  glass  it  is  no  perfect  house.  Peradventure 
great  part  of  the  costs  of  the  house  consists  of  glaas^ 
which  if  i\  he  open  to  tempests  and  rain,  waste  and  putre- 
faction of  the  timber  would  follow.  Wainscot  also  is 
parcel  of  the  house^  and  it  makes  no  difference  whether 
fixed  by  great  nails  or  little  nails,  or  by  screws  or  irons 
put  through  posts  or  walls  (as  have  been  invented  of  late 
time);  for  if  wainscot  is  by  any  of  the  said  ways,  or  by 
any  other,  fastened  to  the  posts  or  walls  of  the  house  the 
lessee  cannot  remove  it.'* 

Things  merely  placed  by  tlir  tenriTit  on  tlie  premises, 
but  not  fixed,  however  bulky  sach  things  may  be,  are  not 
within  the  rule  as  to  voluntary  waste:  thus  a  barn  placed 
upon  ])atten8  and  blocks  of  timber  lying  upon  the  ground, 
but  not  fixed  in  or  to  the  ground,  may  be  removed;  so  if 
it  rest  upon  blocks  of  stone  which  are  fixed  in  the  ground, 
but  not  fastened  to  the  }>lucks  by  mortar  or  otherwise.  A 
mill  removable  at  pleasure,  which  was  an  octagonal  wooden 
building,  raised  on  a  casement  of  brickwork  and  anchored 
to  the  ground  by  shores  and  land-ties,  part  of  the  shores 
and  the  whole  of  the  land  ties  being  one  foot  under  the 
surface  of  the  earth,  was  found  by  the  jury  not  to  be  a 
fixture.    So  distillers*  vats  supported  upon  brickwork,  but 
not  &stened  to  the  ground,  are  goods  and  chattels,  and  no 
part  of  the  premises  on  which  they  are  placed.  And 
where  certain  caps  and  steps  of  timber  were  fixed  by  a 
tenant  to  a  building,  and  he  placed  in  these  caps  and  steps, 
jibs  which  he  fastened  there  by  pins  above  and  below,  the 
jibs  might  be  taken  out  of  the  caps  or  steps  without  in- 
juring dther  them  or  the  building ;  the  jibs  were  held  to 
be  the  personal  property  of  the  tenant,  and  no  part  of  the 
building,  so  that  he  did  not  lose  his  right  to  them  by 
leading  them  there  after  the  expiration  of  his  term. 

The  right  to  remove  fixtures  is  an  exception  to  the  Exception  to 
rule  against  voluntary  waste.    By  this  exception  a  tenant  " 
for  life  or  years,  who  during  his  tenancy  has  fixed  certain  wmST^ 
chattels  to  the  premises  for  the  purposes  of  his  trade  or  as 
matters  of  ornament  or  furmture>  and  which  can  be  re- 
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FUtum.  moved  without  injury  to  thn  premises,  is  entitled  to  remove 
them,  and  is  not  guilty  ot  waste  in  so  doing.  Although 
the  cases  of  tenant  for  life  and  of  tenant  for  years  are 
separately  treated  of  in  the  books  on  tliis  subject,  there  is 
no  authority  for  saying  that  they  are  not  equally  entitled  to 
fixtures.  And,  as  they  are  made  liable  ibr  waste  without 
distinction  by  the  statutes  of  Marlbridge  and  Glocester, 
it  may  be  inferred  that  the  exception  extends  in  the  same 
degree  to  both. 

There  is  distinction  between  chattels  which  are  cubslan- 
tially  of  the  same  character  before  they  are  fixed,  when 
fixed,  and  after  removal^  such  as  engines,  pumpsj  and 
grates,  which  are  engines,  pumps,  and  grates,  whether 
chattels  or  fixtures;  and  things  the  character  of  which  is 
altered  by  their  annexation  to  the  land,  such  as  buildings 
whichi  when  fixed,  exist  as  buildings,  and  before  and  after 
severance  exist  merely  as  materials,  bricks  and  mortar. 
Things  of  the  first  class  may  be  removed,  whether  fixed 
for  the  purpose  of  trade  or  of  ornament,  or  domestic  con- 
venience. Buildings,  it  seems,  may  be  removed  if  erected 
for  the  purpose  of  trade,  but  agricultural  buildings  are 
not  within  the  same  rule  as  trade  buildings. 

The  law  as  to  farm  buildings  has  been  recently  modified 
by  the  act  of  the  14th  &  15th  Yic,  c  25,  s.  3,  whereby  it  is 
Tenant  tmj  cuacted  *'  That  if  any  tenant  of  a  Farm  or  Lands  shall 
B^wlga    "  '"ifter  the  passing  of  this  Act,  with  the  Consent  in 
^ni  tl  i  bj"'  "  Writing  of  the  Landlord  for  the  Time  bemg,  at  hb  own 
Vlrm^,      "  Cost  and  Expense,  erect  any  Farm-building,  either  de- 
S^LieLT'^"  "  tac^icd  or  otherwise,  or  put  up  any  other  Building, 
uketotheui.  a  J^^agine,  or  Machinery,  either  for  Agricultural  Purposes 
"  or  for  the  Purposes  of  Trade  and  Agriculture,  (which 
**  shall  not  have  been  erected  or  put  up  in  j  nrsuance  of 
«  some  Obligation  in  that  Behalf,  )  then  all  sucli  Buildings, 
Engines,  and  Machinery,  shall  be  the  Property  of  the 
**  Tenant,  and  shall  be  removable  by  him,  notwithstanding 
"  the  same  may  consist  of  separate  Buildings,  or  that  the 
same  or  any  Part  thereof  may  be  built  in  or  perma- 
**  nently  fixed  to  the  Soil,  so  as  the  Tenant  making  any 
**  such  Removal  do  not  in  anywise  injure  the  Land  or 
Buildings  belonging  to  the  Landlord,  or  otherwise  do 
«  put  the  same  in  like  Plight  and  Condition,  or  as  good 
Flight  and  Condition,  as  the  same  were  in  before  the 
Erection  of  any  thing  so  removed :  Provided,  neverthe- 
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"  leas,  that  no  Tenant  shall,  under  tlie  Provision  last 
"  aforesaid,  be  entitled  to  remove  any  such  Matter  or 
"  Thinjz:  as  aforesaid  without  first  g^^nng  to  the  Landlord 
**  or  hia  Agent  One  Month's  previous  Notice  in  Writing 
«  of  h\a  Intention  m  to  do  ;  and  thereupon  it  shall  be  law- 
"  ful  for  the  T^andlord,  or  his  Agent  on  his  Authority,  to 
•*  elect  to  purchase  the  Matters  and  Things  so  proposed  to 
**  be  removed,  or  any  of  tliem,  and  the  Bight  to  remove 
the  same  shall  thereby  cease,  and  the  same  shall  belong 
«  to  the  Landlord;  and  the  Value  thereof  shall  be  ascer- 
^*  tamed  and  determined  by  Two  Referees,  One  to  be 
*'  chosen  by  each  Party,  or  by  an  Umpire  to  be  named  by 
"  such  Befereesy  and  shall  be  paid  or  allowed  in  account 
"  by  the  Landlord  who  shall  have  bo  elected  to  purchase 
"  the  same. 

Things  coming  withui  the  building  class  which  are  an- 
nexed for  the  purpose  of  ornament  or  convenience,  it  may 
be  concluded,  cannot  be  removed,  such  as  an  out-house* 

The  right  of  nurseiymen  to  remove  green-houses  and 
hot^houses  as  trade  buildings  is  left  in  doubt,  it  being  af*  ^t"'^ 
firmed  by  Lord  Kenyon,  and  doubted,  if  not  denied,  by 
Lord  EUenborough.  On  the  one  hand,  it  may  be  said, 
that  their  case  resembles  those  relating  to  mining  fixtures. 
It  is  at  least  a  mixed  case  between  occupying  land  and 
carrying  on  a  trade.  If  any  distinction  can  be  made,  it  is 
in  favour  of  the  gardener,  green-houses  and  hot-houses 
being  erected  for  rearing  of  exotics,  which  are  raised  by 
the  gardener's  skill,  and  have  not  necessarily  any  c(mnec- 
tion  with  the  land  demised.  On  the  other  hand,  it  must 
he  borne  in  mind  that  the  mining  cases  were  not  eases  of 
simple  buildings,  but  of  machinery  and  of  buildings  merely 
necessary  to  the  machinery,  and  that  green-houses  and 
hot-hoii«cs  have  a  peculiar  adaption  to  the  nursery  ground 
demised ;  and  it  may  he  presumed  were  intended  to  ibrm 
part  of  the  freehold,  unless  otherwise  agreed. 

In  consequence  of  the  exception  as  to  fixtures,  they  have 
become  a  peculiar  description  of  property,  and  there  arc 
many  rules  of  law  relating  to  them  as  such,  which  are  not 
within  the  scope  of  this  treatise.  It  should  be  noted, 
however,  that  the  tenant  must  remove  them  during  his 
term,  and  that  if  he  omit  to  do  so,  they  become  the  pro- 
perty of  the  landlord. 

An  alteration  of  the  buildings  demised  is  wilful  waste  Aitmtioiw. 
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if  it  be  injurious  to  the  inheritaooe,  either  by  diminiahmg 
the  value  of  the  estate,  increasing  the  burden  upon  it,  or 
unpairing  the  evidence  of  title. 

There  sie  conflicting  authorities  as  to  whether  it  is 
waste  to  build  a  new  house  where  none  was  before.  The 
conflict  is  as  to  the  application  of  the  rule  of  law,  not  as 
to  the  rule  itself.  It  is  not  waste  simply  to  alter,  but  it  is 
waste  to  alter  to  the  injuij  of  the  inheritance.  Some 
think  that  to  build  a  new  house  is  necessarily  a  benefit  to 
the  lessor,  others  that  it  is  not.  The  latter  seems  to  be  the 
better  and  preim^iling  opinion.  A  new  house  may  increase 
the  burdens  of  the  lessor  by  the  charge  of  its  repair;  and 
the  act  of  building  a  house  may  be  used  as  eiddence  that 
the  builder  is  the  absolute  owner  of  the  land. 

Although  a  landlord  may  complain  of  a  new  erection 
as  voluntary  waste,  he  may  waive  this  right,  and  insist 
tipon  the  tenant  keeping  it  in  repair.  But  if  the  lessor, 
without  the  consent  of  the  lessee,  build  a  cottage  on  the 
premi.>5es  during  the  lease,  the  lessee  is  not  liable  for  waste, 
either  volnrttiry  or  permissive,  to  such  cottage. 
^SSir*'  If  ^  tenant  for  life  or  vears  choose  to  alfpr  or  im- 
prove  tenement?  by  erecting  buildings,  or  rcbulldinir,  or 
doing  extensive  repairs  to  those  already  erected,  whereby 
their  value  is  increased,  he  has  no  claim  at  law  or  in  equity 
against  the  remainderman  or  landlord  for  the  value  of  the 
improvements. 

^""J^w      Permissive  waste  in  buildings  is  the  injury  happen- 
Buiiding*.    mg  to  them  during  the  term  by  the  permission  or  neglect 
of  the  tenant;  that  is,  an  Injury  which  the  tenant  might 
have  prevented,  by  taking  cai'e  of  the  building,  and  doing 
precautionary  repairs. 

The  obligation  to  preserve  the  tenements  from  waste 
compels  the  tenant  to  keep  the  walls  and  timbers  of  the 
house  from  exposure,  and  renders  him  liable  for  any  injury 
the  &brio  or  skeleton  of  the  house  sustains  for  want  of 
such  repairs  as  were  necessary  to  preserve  it  from  exposure, 
itoor.  The  tenant  is  bound  to  keep  the  external  coverings,  the 

roof,  and  other  outworks,  of  the  building  in  repair,  and  to 
renew  them  when  they  decay,  so  as  to  preserve  the  tim- 
bers, walls,  and  skeleton  from  premature  decay.  His 
obligatbn  to  do  such  repairs  is  not  absolute,  but  relative, 
with  reference  to  the  condition  of  the  main  timbers  and 
walls  of  the  house  in  consequence  of  his  neglect  to  do 
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them.  Thus,  suffering  houses  to  be  uncovered,  whereby 
the  spars,  rafters,  planchers,  or  other  timbers  become  rot- 
ten, is  waste ;  but  barely  suffering  them  to  be  uncovered 
without  rotting  the  timber  is  not  waste.  Where  a  tenant 
permitted  the  standings  before  the  door  of  his  house  to  be 
uncovered  and  out  of  repair,  whereby  the  principal  timbers 
became  decayed  and  in  danger  of  fitUing,  it  was  held  to  be 
waste. 

Glass  is  an  external  covering  which  the  tenant  is  bound  oiai*. 
to  keep  entire ;  and  if  in  consequence  of  the  windows  being 
broken,  the  interior  of  the  house  is  injured,  he  is  liable 
for  waste. 

Outer  doors  must  for  the  same  reason  be  kept  in  repair  ootwDom. 
and  entire. 

It  is  also  permissive  waste  if  the  fabric  of  the  house  is 
mjured  by  reason  of  the  tenant  not  keeping  m  repair  the  p^,^^ 
internal  coverings  of  the  walls. 

He  is  also  bound  to  keep  filth  and  water  out  of  the  ^l^^^^^^^""^' 
house  by  repairing  the  groundsiUs  and  diains.  ciMuinc. 

The  repairs  which  a  tenant  for  life  or  years  is  bound  to 
do  are  usually  called  tenantable  repairs.  They  extend 
only  to  the  finishing,  and  not  to  any  part  of  the  skeleton 
of  the  house ;  they  include  the  work  of  the  joiner,  plas- 
terer, and  glarier,  but  not  that  of  the  bricklayer  and  car- 
penter. Stopping  out  wind  and  weather,  as  mending  tiles 
and  chimneys,  are  included  in  tenantable  repairs,  because 
such  repairs  tend  to  preserve  the  fabric  of  the  house  from 
premature  decay.  They  arc,  therefore,  intermediate  be- 
tween substantial  and  ornamental  repairs  ;  bricklayers'  and 
carpenters'  Avork  beiTiir,  generally  speaking,  substantial 
repairs ;  and  painting,  papering,  and  whitewashing,  orna- 
mental repairs. 

If  the  house  is  ruinous  at  the  time  of  the  lease,  that  is,  Condiuonof 
if  the  timbers  and  walls  are  decayed  so  that  it  fsills  by  wtea**"** 
reason  of  its  age  and  bad  condition,  and  not  by  the  default 
of  the  lessee,  it  is  not  waste.  If  the  timbers  are  standing, 
but  the  rafitei*8  are  gone,  and  it  falls  during  the  lease,  the 
tenant  is  not  liable,  because  he  cannot  cover  the  house 
without  rafters,  and  he  is  not  bound  to  find  them.  On  the 
point  whether  if  a  house  is  simply  uncovered  at  the  time 
of  the  lease,  the  tenant  is  bound  to  cover  it,  so  as  to  be 
responsible  for  any  dilapidations  that  may  ensue  by  reason 
of  the  want  of  covering,  the  authorities  are  conflicting. 
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WMte  bj  "VVaete  by  fire,  wben  the  fire  was  caused  by  the  Trcgli- 
genoe  of  the  tenant,  and  perbaps  when  the  fire  happened 
accidentally  and  without  negligence,  wa8  accounted  per- 
missive waste  under  the  statutes  ;  and,  according  to  a 
recent  decision,  waste  by  fire,  occasioned  by  necrligence, 
IB  permissive  waste,  but  the  law  on  this  point  id  not  m  a 
satisfactory  state. 

JgJJJ^.  I^"  ^  tenant  suffer  a  stranjier  to  do  waste,  be  shall  be 
answerable;  for  it  is  presumt  d  in  law  that  the  tenuiit  iuay 
withstand  it,  et  qui  fwn  ohstat  quod  ohstare  potest j  facere 
videtuT.  Another  reason  given  for  making  the  tenant 
liable  for  waste  done  by  a  stranger  is,  that  he  has  a  remedy 
against  the  stranger. 

Being  liable  for  waste  by  a  stranger,  of  course  the 
tenant  is  liable  for  waste  by  his  under-lessee,  to  whom  he 
has  given  ihe  opportunity  of  committing  such  waste ;  and 
a  guardian  is  liable  for  waste,  by  those  with  whom  he  is 
connected  by  privity  of  estate,  as  where  an  abbot  was 
guardian,  and  one  of  his  monks  committed  waste;  and 
where  joint  tenants  are  guardians,  and  one  of  them  does 
waste,  both  are  liable. 

J^J^  For  dilapidations  occurring  by  inevitable  accident  a 
tenant  is  not  answemble,  as  where  a  house  is  destroyed 
by  the  king*8  enemies,  who  are  not  amenable  to  the  law, 
or  by  superhuman  agency,  as  by  lightning  or  tempest. 
And  where  a  house  has  been  blown  down  by  tempest,  it 
is  not  waste  for  the  lessee  to  sell  the  materials,  because 
they  have  become  chattels.  T5nt  if  a  ])art  of  tlie  house 
which  the  tenant  is  bound  to  repair  is  destroyed  or  injured 
by  tempest,  he  is  hound  to  restore  it ;  as  ii"  a  house  is  un- 
covered by  tempest,  but  the  timber  is  left  standing,  and 
it  afterwards  fall  for  want  of  covering,  the  tenant  is  liable 
for  waste  :  and  if  a  tempest  take  away  a  small  part  of  the 
thatch,  the  tenant  is  hound  to  repair  it ;  and  if  be  neglect 
to  do  so,  and  in  consequence  the  house  is  thrown  down  by 
tempest,  he  is  liable  for  waste. 

Where  lands  are  flooded  in  consequence  of  the  decay  of 
a  wall  of  the  sea,  or  the  banks  of  rivers,  it  is  waste  in  the 
tenant ;  but  if  llie  lands  be  damaged  by  the  sudden  rage 
and  violence  of  the  sea,  or  by  a  sudden  flood  of  the  river, 
it  is  not  waste ;  and  it  has  been  held,  that  if  the  banks  of 
the  Trent  be  unrepaired,  it  is  waste,  because  the  Trent  is 
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not  80  violent,  but  that  the  lessee,  by  hia  policy  and  in- 
dnstry,  may  well  enough  preserve  the  banks. 

A  covenant  to  repair  is  negative  as  well  as  positive  in  ft^JTb*"*  ^ 
its  obligation;  and  the  tenant  is  thereby  bound  as  well  not  ^^^^"^^ 
to  do  an  act  luaaoanting  to  voluntary  waste  as  to  repair 
dilapidations.  Thus  an  alteration  of  the  demised  premises 
is  a  breach  of  a  covenant  to  repair :  for  example,  l)reakiDg 
a  doorway  through  the  house  drnii  cd  into  the  adjoining 
bouse.  So  the  act  of  pulling  down  :i  brick  wall,  which 
divided  one  part  of  tlie  demised  premises  from  another^ 
was  held  to  be  a  breach  of  a  covenant  to  repair  and  uphold 
the  brick  walls  belonging  to  the  demised  premises. 

But  where  the  covenant  was,  that  the  tenant  should 
leave  the  premises  in  as  good  plight  as  he  found  them,  and 
he  pulled  down  houses,  the  lessor  it  was  held  could  have 
no  action  until  the  end  of  the  term,  for  the  co\  t;iuint  had 
relation  thereunto ;  but  that  if  he  had  wasted  the  woods, 
covenant  would  have  lien,  because  it  would  be  impossible 
to  repair  such  waste. 

And  if  from  the  language  of  the  lease  it  appears  that 
the  parties  contemplated  alterations  being  made,  an  al- 
teration is  no  breadk  of  the  covenant  to  repair.  Thus, 
where  the  covenant  was  to  repair  the  demised  premises, 
together  with  such  buildings,  improvements,  and  additions, 
as  at  any  time  during  the  term  should  be  erected,  set  up, 
or  made  by  the  tenant,  it  was  decided  tiiat  the  tenant  had 
ndt  broken  the  covenant  by  converting  the  windows  on  the 
ground  floor  into  shop  windows,  and  stopping  up  an  inters 
nal  door  in  one  place,  and  opening  one  in  another. 

A  covenant  to  repair  obliges  the  lessee  at  all  events  to  w.  arand 
repair  and  restore  those  parts  of  the  building  which  hXL 
away,  wear  out,  or  are  destroyed  during  the  term.  He  is 
not  bound  to  repair  parts  which  are  merely  in  progress  of 
decay.  His  covenant  is  to  repur  all  accidents,  and  to  take 
all  reasonable  precautions  against  the  fabric  of  the  building 
being  exposed  to  the  weather,  or  becoming  more  depre- 
dated than  it  necessarily  would  firom  time  and  ordinary  use. 

The  covenant  must  be  construed  with  reference  to  the 
age  and  genend  condition  of  the  building  at  the  commence- 
ment of  the  term.  The  covenant  to  repair  is  not  a  cove- 
nant to  improve,  or  to  keep  and  yield  up  the  building 
demised  in  as  perfect  a  state  as  when  demised,  but  to  keep 
it,  as  nearly  as  possible,  in  the  same  state  as  when  demised. 
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and  to  do  suck  repairs  as  are  adapted  to  the  nature  of  the 
building. 

The  oblis-ation  imposed  by  the  covenant  to  repair  differs 
from  the  coiimiun  law  obligation  against  permissive  waste 
in  this.  The  comraon  law  obligation  is  merely  to  guard 
the  fabric  of  the  building  from  decay,  and  is  not  infringed 
by  an  external  dilapidation  unless  the  fabric  is  injured  in 
consequence.  By  the  covenant  the  tenant  is  uncondi- 
tionallj  bound  to  repair  all  dilapiduliuas,  whether  the 
fabric  of  the  building  is  injured  or  not.  Injuries  to  the 
building  caused  by  inevitable  accident  are  excepted  iium 
the  common  law  obligation^  but  not  from  the  obligation  of 
a  general  covenant. 

The  obligation  of  a  ooTenant  dilfers  from  the  obligation 
of  an  ecdesiaatic  in  this.  The  ecclesiastic  £b  bound  to  re- 
pair buildings  and  parts  of  buildings  about  to  ^  avaj 
(proximo  easunu) — ^those  parts  which  are  nearly  but  not 
quite  worn  out.  The  covenantor  is  only  bound  to  repair 
those  parts  which  are  actually  fallen  away  and  worn  out* 

^jjjgftyj    ^  *^  merely  from  natural  decay,  and  with- 

"i^.      cle&ult  of  the  tenant,  it  would  seem  that  he  is  not 
bound  to  rebuild  it  under  aa  ordinary  covenant  to  repair. 

PRintiog.  Under  a  general  covenant  to  repair,  the  tenant  is  bound 
to  keep  in  repair  the  inside  painting,  and  this,  although  he 
expressly  covenants  to  paint  the  outside. 

uaterfada.  Where  any  part  has  fallen  away,  the  tenant  is  not  bound 
to  replace  it  with  new  materials,  but  only  with  materials 
of  the  same  value  and  in  the  same  condition  as  those  defi- 
cient ought  to  have  been,  had  they  only  been  subject  to 
ordinary  decay  and  wear,  except  from  accident  or  exposure 
to  the  weatlicr.  In  determining  tbu,  reference  must  be 
had  to  the  nge  of  the  buildin<]r  at  the  time  of  the  lease 
granted,  and  to  the  duration  of  the  lease ;  and  so  much 
ought  to  be  deducted  from  the  cost  of  ne\v  materials  as  it 
may  be  supposed  they  would  be  depreciated  in  value  by 
ordinary  wear  during"  the  period  the  materials  to  be  sup- 
plied have  formed  part  of  the  building.  Mr.  Woods  thinks, 
that  in  hardly  any  case  could  the  landlord  require  more 
than  three-fourths  of  the  new  value,  and  none  would  occur 
in  which  one-fourth  ought  not  fairly  to  be  demanded. 

AecAdettta.  On  a  covenant  to  repair,  the  covenantor  is  bound  to 
repair  at  all  events,  and  is  not  excused  from  repairing  de- 
fects caused  by  inevitable  accident.    An  inevitable  acd- 
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dent  does  not  render  it  impossible  to  perform  tbe  covenant. 
The  covenant  is  performed  by  repairing  the  consequences 
of  the  accident.  Where  the  law  infers  from  drcamstances 
such  obligation  as  is  reasonable,  there  it  limits  the  obliga- 
tion with  those  qualifications  and  exceptions,  which  under 
the  circumstances  are  reasonable.  It  presumes  that  con^ 
tract  to  have  been  entered  into  which  is  just  and  equal  to 
both  parties.  But  where  the  parties  have  themselves  ex- 
pressed the  contract  which  they  conceive  to  be  just,  there 
all  the  law  has  to  do  is  to  apply  it  to  their  acts  and  enforce 
its  performance ;  for  although  it  may,  with  much  probability, 
be  conjectured  that  a  certain  contingency  was  not  foreseen^ 
yet  it  might  have  been  foreseen,  and  nothing  said  about  it, 
because  not  intended  to  be  excepted  from  the  generality  of 
the  obligation.  For  these  reasons,  where  there  is  a  gene- 
ral covenant  to  re})air,  and  tlie  buildings  are  destroyed  by 
accidental  fire,  the  lessee  is  bound  to  rebuild.  It  is  no 
answer  to  a  covenant  to  repair  a  bridge,  that  it  was  de- 
stroyed by  an  extrordinary  flood,  such  as  the  covenantor 
could  not  resist,  and  without  default  on  his  part.  15 ut 
when  a  house  is  destroyed  by  inevitable  accident,  the  lessee 
performs  his  covenant  to  repair  if  he  rebuild  it  within  a 
reasonable  tirae;  the  covenant  to  repair  not  meaning  that 
the  house  shall  never  be  out  of  repair,  but  that  the  lessee 
will  restore  all  dilapidations  which  happen  during  the 
tenn. 

The  general  ob%ation  of  the  covenant  to  repair  is  not  indopin- 
limitedby  a  covenant  to  insure  in  a  specific  sum.    If  such  cov'^mutsto 
sum  be  insufficient  to  rebuild  the  premises,  he  must  supply  iwiw*.*" 
the  deficiency. 

If  the  dilapidations  are  caused  by  the  act  or  neglect  of  bimw  from 
the  landlord  himself,  or  if  he  renders  it  impossible  for  the 
tenant  to  perform  the  covenant,  the  breach  of  covenant  is 
excused. 

But  an  act  of  the  lessor  which  merely  impedes  but  does 
not  wholly  prevent  the  lessee  from  performiog  his  cove- 
nant, cannot  be  alleged  by  him  as  an  excuse  for  a  breach. 

And  so  it  is  no  answer  to  an  action  on  a  covenant  for 
not  repairing  and  cultivating,  that  the  plaintiff  entered  on 
parcel  of  the  demised  premises,  and  ejected  the  defendant 
therefrom. 

And  a  covenant  cannot  be  dischaiged  by  a  parol  license  ^Liooue 
of  the  covenantee.    If  the  Undlord,  by  word  of  mouth,  or 
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writing  (not  being  a  deed),  authorize  the  lessee  to  do  an 
act  which  is  a  breach  of  covenant,  the  lessee  is  liable  to  an 
action  of  covenant  notwithstanding. 
iSSS^i       And  the  tenant  ia  not  excused  icom  the  performance  of 
Sp^r^d  to  a  covenant  to  pay  rent  by  the  premises  becoming  unten- 
pajr  Rent    antable  by  inevitable  accident,  as  if  the  house  demised  is 
Skj^Sr'*' down,  or  land  is  surrounded  by  water,  or  the 
^^Tr(f'*°""  tenant  is  evicted  bv  a  foreign  enemy.    And  where  the 
burned.      leasB  coutains  covenant-?  to  pay  rent  and  to  repair,  and  in 
the  covenant  to  repair  ilic  ease  of  the  premises  being  de- 
stroyed by  fire  is  except* d,  the  tenant  rrmst  pny  the  rent 
accruing  after  the  premises  have  been  <lt\-t!  i  v  ed  by  fire, 
and  before  they  are  rebuilt;  and  lie  must  <]  )  bu  although  it 
be  assumed  that  it  is  the  duty  of  the  lessor  to  rebnild,  the 
covenants  being  distinct,  and  he  having  a  sufficient  remedy 
by  action  against  the  lessor  tor  not  rebuilding.    It  has 
since  been  decided  that  such  aa  ej^ception  does  not  bind 
the  landlord  to  rebuild. 
SS'SSt"**'  when  premises  demised  by  verbal  or  written  agree- 

^SLSSSu  ^^^9  7^  ^  year,  or  for  a  shorter  time,  are  destroyed 
rit^ciet  ^  which  case  the  tenant  is  not  bound  to  rebdld, 

^j^^l^    the  destruction  of  the  building  does  not  determine  the 
tenancy,  and  the  tenant  still  continues  liable  for  the  rent. 

It  is  now  settled,  notwithstanding  some  decisions  to  the 
contrary,  that  the  tenant  has  no  right  to  quit  the  premises 
because  they  are  at  the  commencement  of  the  tenancy  un- 
tenantable from  dilapidations,  which  ought  to  hove  been 
repaired  by  the  landlord,  or  become  so  during  its  conti- 
nuance, unless  such  power  is  expressly  reserved,-  and  ex- 
cept, perhaps,  in  the  case  of  a  furnished  house,  or  furnished 
apartments,  which  are  taken  merely  for  the  purpose  of 
temporary  occupation.  It  is  not  a  condition  implied  on  the 
demise  of  real  property,  that  it  shall  be  fit  for  the  purpose 
for  which  it  is  demised,  or  shall  continue  fit  for  such  pur- 
pose. In  this  respect  the  modem  and  the  ancient  autho- 
rities agree. 

to  Sometimes  leases  contain  covenants  to  alter  and  im- 
prove: where  they  do,  such  covenants  must  be  strictly 
performed,  and  they  are  not  satisfied  by  substantial  and 

thorough  repairs. 

Again,  a  covenant  to  make  a  shop  front  is  not  performed 
by  merely  enlarging  windowf ,  though  such  enlargement  be 
sufficient  for  the  purposes  of  the  tenant's  trade ;  and  in 
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matters  of  taste,  as  to  the  style  and  manner  in  which  a 
house  is  covenanted  to  be  rebuilt,  equity  will  enforce  a 
specific  performance ;  for  instance,  a  covenant  to  make  the 
elevation  of  a  house  correspond  with  the  elevation  of  the 
adjoining  houses. 

Another  covenant  relating  to  dilapidations  is  the  cove*  CorenanttO 
nant  to  insure.    The  object  of  this  covenant  is  to  compel 
the  tenant  to  procure  a  Joint  Stock  Insurance  Company  to 
become  responsible  for  the  repair  of  dilapidations  by  fire. 

The  covenant  to  insure  binds  the  tenant  to  effect  an  in- 
surance directly  the  covenant  is  made. 

The  insurance  must  be  regularly  continued  without  in- 
termission, and  must  be  strictly  according  to  the  covenant. 

By  the  Building  Act  of  14  Geo.  III.,  Insurance  Offices 
are  required,  on  the  request  of  any  persons  interested  in 
houses  or  buildings  destroyed  or  damaged  by  fire,  to  lay 
out  the  insurance  money  in  rebuilding  or  repairing  the 
premises.  The  Act  is  confined  to  London  and  West- 
minster, and  the  Bills  of  Mortality. 

In  ejectment  on  the  ground  that  the  lease  has  been  for- 
feited by  not  insuring,  it  lies  upon  the  landlord  to  prove 
that  the  premises  were  not  insured.  Tiic  tenant  refusing 
the  landlord  information  as  to  insurance,  or  refusing  to 
show  a  policy  upon  demand,  is  no  evidence  of  non-insur- 
ance. In  an  action  on  the  covenant  it  seema  that  the 
tenant  would  have  to  prove  performance. 

In  an  action  for  breach  of  this  covenant  the  damages  are 
not  necessarily  nominal.  Where  the  landlord  has  effected 
an  insurance  on  the  tenant's  default,  though  such  act  is  not 
the  necessary  consequence  of  such  defiiult,  and  therefore 
the  landlord  is  not  as  a  matter  of  law  entitled  to  recover 
the  premiums  paid,  the  juiy  may,  if  they  please,  award  the 
amount  of  such  premiums,  by  way  of  damages,  as  a  sum 
reasonably  expended  to  r^eve  himself  from  the  anxiety 
incident  to  the  premises  being  uninsured.  But  where  the 
landlord  was  a  leaseholder  under  a  covenant  to  insure,  and 
he  demised  to  the  tenant  under  a  similar  covenant,  the 
tenant  fiiiled  to  insure,  and  the  superior  landlord  brought 
ejectment,  and  recovered,  it  was  held  by  the  Court  of 
Common  Pleas  that  the  sub-landlord  was  only  entitled  to 
nominal  damages  in  an  action  against  his  tenant  for  breach 
of  his  covenant.  He  was  not  entitled  to  the  value  of  his 
estate  m  the  premises,  because  that  had  been  forfdted  by 
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the  breach  of  his  own  coveaant,  and  not  by  the  breach  ot 
the  tenant's. 

Cov^lawto  Besides  the  degree  of  care  which  the  covenant  to  repair 
imposes,  there  are  three  other  points  to  be  attended  to  in 
the  oonstruction  of  such  covenants : 

AstoTUiifh  On  the  first  point,  a  general  covenant  to  keep  and  leave 
in  repair  the  premises  demised  will  extend  to  every  part 
thereof,  and  every  thing  attached  thereto,  which  can  be 
considered  as  part  of  the  ireehold,  and  not  removable  hj 
the  lessee  as  a  tenant's  fixtnre. 

The  tenant  is  bound  to  leave  a  boilding  erected  by  him- 
self in  substantial  repair,  although  the  erection  was  origi- 
nally of  defective  construction. 

renook  °  ^  second  point,  all  covenants  relating  to  the  man- 

ner of  using  the  premises  during  the  term,  as  to  repair 
houses,  to  cultivate  lands,  run  with  the  land,  and  are  bind- 
ing not  only  on  the  lessee,  but  also  on  the  assignee  of  his 
interest,  though  he  be  not  expressly  xiamed.  And  such 
coveDants  affect  all  and  each  part  of  the  land  demised;  and 
therefore,  if  the  lessee  asagn  his  interest  in  part  of  the 
land,  the  assignee  is  bound  by  the  covenants  to  repair  and 
to  cultivate,  so  far  as  they  are  applicable  to  the  part  of  the 
land  which  he  holds.  And  they  may  be  taken  advantage 
of,  as  well  by  the  assignee  of  the  reversion  as  by  the 
lessor  hunself.  And  the  assignee  of  the  reversion  of 
part  of  the  premises  may  sue  on  a  covenant  relating  to 
such  part. 

The  assignee  of  the  lessee  is  liable  by  the  common  law 

to  perform  the  covenaTit  The  right  of  the  assignee  of  the 
reversion  to  enforce  perlbrmarice  is  founded  on  the  statr 
32  Hen.  YIIT.,  c.  4,  which  only  applies  where  the  lease  is 
by  indenture;  and  therefore  when  n  house  is  let  by  verbiil 
or  written  nfrref  iiK  tu,  and  the  tenant  agrees  to  re[i:iir.  and 
the  landlord  as.sigiic  hi.s  interest,  the  assignee  cannot  sue 
the  tenant  for  not  repairing ;  and  as  there  is  an  express 
agrt  (  iiH  lit  to  repair  with  the  original  landlord,  an  agree- 
ment Willi  the  assignee  to  use  the  premises  in  a  tenant-hke 
manner  cannot  be  implied.  The  original  landlord,  of 
course,  may  sue  on  the  agreement,  notwithstanding  the 
assignment  of  his  reversion.  But  in  such  case,  if  the 
tenancy  is  merely  from  year  to  yeaj ,  and  the  tenant  or  his 
assignee  continue  as  tenant  from  year  to  year  of  the  lessor 
or  his  ahc=igaee,  an  agreement  between  the  new  parties  will 
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be  implied  that  such  renewed,  tenancy  shall  he  on  the  old 
terms. 

A^otwith8tan<]ing  sunie  decisions  to  tlie  contrary,  it  is 
now  decided  that  au  assignee  in  cjuitv^  of  a  lease,  for  in- 
stance, a  party  who  lias  had  it  depu-^iltjd  with  him  by  way 
of  equitable  mortgage,  is  not  liable  ou  the  e.(.)vcnants  as 
assignee,  aiid  that  the  Court  of  Chancery  will  not  compel 
him  to  take  an  assignment. 

A  COYenant  to  do  any  thing  upon  the  land,  as  to  build  a 
wall  or  a  hou8e>  or  which  in  any  way  affects  the  land,  as  in 
a  lease  of  mines,  a  ooyenant  to  huild  a  smelting  mill,  \&  a 
ooTcnant  which  runs  with  the  Lmd,  and  the  benefit  there- 
of will  pass  to  the  assignee  of  the  reversioo.  But  such  a 
covenant  being  to  do  a  specific  act,  and  not  continually  to 
be  performed  during  the  term,  does  not  bind  the  assignee, 
if  not  named.  Thus,  if  B  covenant  for  himself,  his  execu- 
tors and  administrators,  to  build  a  wall,  the  as^gnee  is  not 
bound,  because  the  intention  appears  to  he  that  the  wall 
shall  be  built  by  the  lessee  before  assignment;  but  if  the 
covenant  be  that  the  lessee  or  his  assigns  shall  buUd  a  wall» 
the  assignee  is  bound.  If  the  lessee  covenant  for  himself 
and  his  assigns  to  build  a  house  within  a  certain  time,  and 
asogn  after  the  expiration  of  the  time,  the  assignee  is  not 
bound;  but  if  he  assign  before  the  covenant  is  broken,  the 
assignee  is.  The  asdgnee  of  the  reversion  cannot  sue  for 
a  breach  of  covenant  before  the  conveyance  to  himself. 

A  covenant  not  to  build  is  at  all  events,  in  equity, 
bmding  on  the  assignee,  and  the  Court  will  restrain  the 
assignee,  who  has  notice  of  such  covenant,  from  violating  it. 

In  considering  the  third  point,  the  time  during  which  i>™»««» 
the  obbgation  of  a  covenant  to  repair  continues,  it  is  to  be 
sci  II,  lu.^t.  when  it  begins;  and,  secondly,  when  it  ends. 

The  obligation  to  repair  usually  commences  at  the  date 
of  the  lease,  or  at  the  commencement  of  the  term  when  the 
term  commences  sul)sequent  to  the  date  of  the  lease.  But 
when  the  habendum  is  from  a  day  ])rior  t<<  the  date  of  the 
lease,  the  covenant  biudti  from  the  date  oi  the  lease. 

A  covenant  to  leave  in  repair  at'  the  end,  or  other 
sooner  determination  of  the  term,  applies  when  the  term 
is  determined  by  notice,  according  to  a  power  reserved  to 
the  lessee. 

When  a  lease  is  conditioned,  that  if  the  lessee  does  not 
r^iair  within  six  months  after  notice,  the  lessor  may  re- 
2x 
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enier,  the  notice  to  repair  must  be  given  to  the  lessee  or 
his  assignee.  A  notlee  to  repair  given  to  an  under-lessee 
will  not  suffice. 

A  general  covenant  to  repair  is  not  only  obligatory 
dDiing  the  oontinuanoe  of  the  lease>  but  also^  where  the 
lessee  continues  tenant  after  its  determination,  it  will  be 
presumed  that  he  holds  under  the  same  terma 

Those  covenants  alone  are  implied  as  continuing  in  force 
which  regulate  the  manner  in  which  the  tenements  shall 
contiaue  to  be  used. 

B^of  Co.  Xhere  are  no  .particular  formalities  requisite  to  give 
validity  to  an  a^jfeement  to  repair^  as  that  it  should  be 
coutained  in  a  valid  lease  of  the  premises. 

a«^i![l  Waste  may  be  committed  in  a  garden  or  orchard. 
Thus  it  is  waste  to  cut  down  apple-trees,  or  pear  treea 
growing  in  a  garden  or  orchard ;  but  not  if  they  grow 
scatteringly  on  divers  places  of  the  land.  When  apple 
trees  are  blown  down,  the  tenant  may  take  them  ;  hut 
where  such  trees  were  abated  by  a  great  wind,  and  teli 
upon  the  crops,  and  several  of  the  boughs  fell  into  the 
ground,  and  the  trees  bore  firuit  two  years  afterwards,  it 
was  held  waste  for  the  lessee  to  grub  them  up. 
A  gardener  who  cultivates  trees  for  their  firuit  has  no 
,  right  to  remove  them;  but  a  nurseryman  who  rears  them 
to  sell  and  transplant  has  a  right  to  remove. 

Nor  can  the  tenant  of  a  pleasure  garden  remove  trees, 
ornamental  hedges,  or  shrubs,  or  a  border  of  box,  although 
planted  by  himself,  such  things  being  intended  to  be  per- 
manent ;  nor  can  he  plough  up  a  strawberry-bed  before  it 
is  exhausted. 

There  h  no  authority  for  saying  that  a  tenant  is  under 
any  positive  obligation  to  cultivate  a  garflen  or  orchard; 
the  cases  only  establish  a  negative  obligation  against 
voluntary  waste.  The  tenant  is  entitled  to  cultivurf  and 
to  remove  or  transplant  any  plants  in  the  fair  Courde  of 
cultivation,  but  not  to  remove  things  merely  for  his  own 
benefit,  unless  the  purpose  for  which  the  garden  was  let 
authorizes  him  to  do  so,  as  in  the  case  of  a  nurseryman ; 
nor  can  he  alter  the  character  of  the  garden,  or  any  part 
of  it,  as  by  ploughing  up  a  strawberry  bed  and  sowing 
turnips. 

Waste  in  It  is  waste  permanentiy  to  alter  the  character  of  land, 
Mntkn.  '  though  its  valuo  may  be  increased,  such  as  to  convert 
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meadow  into  arable  land  by  ploughmg  it  up,  or  arable 
land  into  wood»  or  a  meadow  into  an  orchard^  beoaoae  it 
not  only  changes  the  course  of  husbandry,  but  afi^ts  the 
proof  title.  But  it  seema  that  if  a  meadow  is  ploughed 
for  the  purpose  of  improving  it  as  a  meadow,  and  not  of 
permnnently  altering  its  character,  as  where  by  the  custom 
of  the  country  it  is  good  husbandry  to  do  so,  it  is  not 
waste  to  plough  it :  and  so  it  seems  the  tenant  may  root 
up  bushes,  furze,  and  thorns  growinrr  on  the  land,  for  me- 
lioration: for  that  is  good  husbandi-y,  and  he  is  entitled  to 
such  things  for  fuel.  The  rule  appears  to  be,  that  a  per- 
manent alteration  of  land,  which  necessarily  affects  the 
CTidence  of  title,  or  any  alterations  which  diniinisk  the 
value  of  the  land,  is  waste ;  but  a  mere  temporary  altera- 
tion in  the  ordinary  and  reasonable  course  of  husbandry 
.  is  not:  and  by  reason  of  the  injury  to  the  evidence  of  title, 
it  is  waste  to  enclose  and  cultivate  waste  land. 

It  is  waste  if  the  teuaut  lakt;  awav  the  substance  of  the 
land,  as  if  he  dig  and  take  away  clay,  because  the  soil  is 
impoverish^  for  want  of  clay;  and  he  cannot  open  mines,  mom. 
quarries,  or  clay-pits:  but  if  mines,  quarries,  or  day-pits 
are  open,  and  in  work,  when  the  estate  for  life  or  years  is 
created,  the  tenant  may  continue  to  work  them;  because 
an  intention  that  he  may  do  so  may  be  presumed;  but  it 
seems  that  a  tenant  for  life  has  no  right  to  re-open  and 
work  olay-pits  which  the  grantor  had  ceased  to  work  be* 
fore  the  creation  of  the  estate.  A  tenant  has  no  right  to 
minerals  deposited  on  the  land  by  mountain  streams. 

As  a  tenant  is  entitled  to  work  mines  open  at  the  time 
the  lease  is  granted,  so  he  may  use  all  means  necessary 
for  working  them,  and  therefore  may  open  new  shafts  and 
pits  to  follow  the  same  vein  of  coal.  "Otherwise,"  said 
Lord  Chancellor  Eang,  working  in  the  same  mine  would 
be  impracticable,  because  the  miners  would  be  choked  for 
want  of  air,  if  new  holes  were  not  contuiually  opened  to 
let  the  air  into  them;  and  the  same  vein  of  coal  frequently 
runs  a  great  way,  and  is  very  knowable,  and  easy  to  be 
discerned. 

The  Court  of  Chancery  will  restrain  a  tenant  for  life  or 
years  from  sowing  woad  or  mustard,  they  being  poisonoas 
and  exhausting  |iknts,  by  which  the  vegetative  power  of 

the  land  is  destroyed. 
A  tenant  is  bound  to  keep  the  fences  in  repair,  and-  he  ^c** 
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may  cut  timber  for  this  purpose;  but  he  has  uo  right  to 
make  fences  wliere  none  were  before.  And  it  would  ap- 
pear that  he  is  not  liable  if  the  fences  become  dilapidated 
from  natural  decay,  and  there  is  no  wood  on  the  premises 
with  which  he  can  repair  them. 

By  the  general  law  a  tenant  for  life  or  for  years  is  under 
no  obBgation  to  cultivate  lands.  Thus  it  ia  not  waste  to 
suffer  arable  land  to  lie  fresh  and  not  manured,  bo  that  it 
grows  foU  of  thorns;  it  is  merely  ill-husbandry.  To 
oblige  a  tenant  to  farm  according  to  good  husbandry, 
there  must  either  be  an  express  contract  or  a  custom  of 
the  oountiy.  In  m(^t,  if  not  all  cases  in  which  lands 
have  been  usually  let  to  farmers^  there  is  a  custom  of  the 
country  regulating  the  manner  in  which  the  lands  are  to 
be  cultivated. 

A  custom  of  the  country  need  not  have  existed  from 
time  immemorial,  as  must  a  custom  properly  so  called.  It 
is  the  approTed  habits  of  good  husbandry  prsustised  in  that 
part  of  the  country  in  wbich  the  lands  are  situate,  and  is 
a  means  of  ascertaining  the  course  of  cultiyation  adapted 
to  the  nature  of  the  lands.  It  may  be  proved  by  cove- 
nants usually  inserted  in  farming  leases,  and  need  not  be 
definite  and  precise. 

The  obligation  to  expend  manure,  and  right  to  remove 
must  in  every  case,  where  there  is  no  express  contract,  be 
governed  by  the  custom  of  the  country.  There  is  no  rule 
of  law  on  the  subject^  irrespective  of  such  custom:  farm- 
ers are  mote  fit  than  lawyers  to  decide  such  a  question. 

The  obligation  to  cultivate  lands  according  to  the  cus- 
tom of  the  country  does  not  apply  to  a  garden  or  to  a 
meadow  let  with  a  gentleman's  residence. 

Where  there  Is  a  <[>f'pinl  agreement  as  to  the  manner  in 
wbich  the  lands  shall  be  cnltl\  ated,  tlic  obhgation  to  culti- 
vate according  to  the  custom  of  the  country  is  superseded, 
as  where  the  tenant  agreed  to  form  the  land  in  a  good  and 
husbandhke  manner,  to  be  kept  conotantly  in  grass  j  and 
where  the  landlord  recovers  damarres  for  the  conversion  of 
a  meadow  into  arable  land,  he  cannot  also  recover  for  re- 
moving the  straw  grown  on  such  land,  as  contrary  to  the 
custom  of  the  country  as  to  the  cidtivation  of  arable  land. 
OUigation  as  If  tenant  of  a  jjark,  vivary,  warren,  or  dove-house,  de- 
nop^ stroy  80  many  of  the  deer,  game,  rabbits,  or  doves,  that 
sufficient  he  not  left  for  store,  having  regard  to  the  num- 
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ber  at  the  time  his  estate  was  created^  it  is  waste.  To 
stop  the  holes  of  a  pigeon-house  so  as  to.  prevent  the 
pigeons  building  there,  is  waste.  If  the  tenant  of  a  park 
permit  the  pales  to  decay,  so  that  the  deer  escape,  he  is 
liable  for  waste.  Breaking  a  wear  or  suffering  the  banks 
of  a  fish-pond  to  decay,  so  that  the  water  and  fish  run  out, 
are  respectively  acts  of  waste.  But  the  subversion  of 
coney-burrows  has  been  held  not  to  be  waste. 

Emblements  are  the  products  of  the  earth,  which  a  BmUenMnii. 
tenant,  the  dcterraination  of  whose  estate  is  sudden  and 
fortuitous,  is  allowed  to  take  after  his  interest  in  the  land 
has  expired,  in  consideration  of  his  labour  and  manurance 
employed  upon  the  land :  "lest  the  ground  should  be  unma- 
nured,  which  would  be  hurtful  to  the  commonwealth,  he 
shall  reap  the  crop  which  he  sowed  in  peace."  The  doc- 
trine of  Emblements  has  been  entirely  changed  by  the 
act  of  the  14  and  15  Yic,  c  25,  sec  I,  whereby  it  is 
enacted: 

That  Tvbcre  the  Lease  or  Tenancy  of  any  farm  or  on  detcnaip 
"  Lands  held  by  a  Tenant  at  Rackrent  shall  determine  by  Leases  or 
**  the  Death  or  Cesser  of  the  Estate  of  any  Landlord  en-  undrr^Tenaat 
"  title<I  for  his  Life,  or  for  any  other  uncertain  Interest,  [nst^^fof^ 
"  instead  of  claims  to  Einblenients,  the  Tenant  shall  con-  T.tiint  to 

tinue  to  hold  and  occui)v  ^uch  Farm  or  Lands  until  the  Expiritfooof 
"  Expiration  of  the  theu  ciurtnt  Year  of  his  Tenancy,  ^J^"*^*"* 

and  shall  then  quit,  upon  the  Terms  of  his  Lease  or 
**  Holding,  in  the  same  Manner  as  if  such  Lease  or 
"  Tenancy  were  then  determined  by  Effluxion  of  Time  or 
other  lawful  Means  during  the  Continuance  of  his 
*'  Iiandlord*s  Estate ;  and  the  succeeding  Landlord  or 
Owner  shall  be  entitled  to  recover  and  receive  of  the 
"  Tenant,  in  the  same  manner  as  his  Predecessor  or  . 
such  Tenant's  Lessor  could  have  done  if  he  had  been 
living  or  had  continued  the  Landlord  or  Lessor,  a  £ur 
'Proportion  of  the  Rent  for  the  Period  which  may  have 
elapsed  from  the  Day  of  the  Death  or  Cesser  of  the 
"  Estate  of  such  Predecessor  or  Lessor  to  the  Time  of  the 
Tenant  so  quitting,  and  the  succeeding  Xiandlord  or 
Owner  and  the  Tenant  respectively  shall,  as  between 
themselves  and  as  against  each  other,  be  entitled  to  all 
*^  the  Benefits  and  Advantages,  and  be  subject  to  the 
**  Terms,  Conditions,  and  Restrictions,  to  which  the  pre- 
*^  ceding  Landlord  or  Lessor  and  such  Tenant  respectively 
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"  would  have  been  entitled  and  sulject  in  case  the  Lease 
"  or  Tenancy  had  determined  in  manner  aforesaid  at  the 
"  Expiration  of  such  current  Year:  Provided  always, 
"  that  no  notice  to  quit  shall  be  necessary  or  recjuired  by 
**  or  from  either  Party  to  determine  any  such  Holding  and 
Occupation  as  aforesaid." 

Timber  trees  are  parcel  of  the  inheritance,  and  a  tenant 
for  life  or  years  has  only  a  right  to  their  shade  and  fruit 
during  the  term.  It  is  waste  if  he  cuts  them  down,  or 
docs  any  act  to  cause  them  to  decay,  as  if  he  lops  or  tops 
them.  Timber  trees  are  such  as  are  useful  for  the  purpose 
of  building.  Oaks,  ashes,  and  chus  are  timber  in  all  places. 
Thorn-trees,  which  have  stood  for  sixty  or  a  hundred  years, 
have  been  accounted  timber.  In  some  countries  where 
timber  is  scant,  beeches  and  white-thonis  aie  used  for 
building,  and  therefore  acooonted  timber:  in  such  case 
it  is  waste  to  fell  or  injure  them.  In  the  Countess  of 
Cumberland's  case,  birches  of  a  hundred  years*  growth, 
which  were  serviceable  for  timber,  for  sheep^houses,  cot- 
tages, and  other  mean  buildings,  were  held  to  be  timber, 
which  a  tenant  for  life  had  no  right  to  out  If  by  custom 
oaks  and  ashes  are  seasonable  wood,  and  cut  at  stated 
times,  the  tenant  may  cut  them  at  such  times ;  thus,  if  it 
is  customary  to  cut  ashes  every  ten  years,  the  tenant  may 
cut  them. 

It  is  also  waste  to  cut  down  any  trees,  though  not  tim- 
ber, such  as  beeches,  maples,  willows,  &c.,  which  are 
planted  for  the  defence  or  ornament  of  the  house,  or  in  a 
pasture-field  for  the  shade  of  cattle,  or  on  a  bank  to  sus- 
tain it,  or  which  form  p  u  t  of  ahedge,  it  being  the  appa- 
rent intention  of  the  landlord  or  grantor  of  the  estate  that 
such  trees  shall  continue. 

It  is  not  waste  to  cut  down  trees  which  are  not  timber, 
either  by  law  or  custom,  and  are  not  planted  for  any  of  the 
above  special  purposes,  in  such  a  manner  that  they  will 
grow  again.  Thus  a  tenant  for  years  may  lawfully  cut 
down  willows,  leaving  the  stools  or  butts  from  which  they 
will  shoot  afresh.  Whitethorns,  bJackthoms,  and  hazels 
may  in  like  manner  be  cut  down. 

Nor  is  it  waste  to  cut  the  underwood  of  hazels,  willows, 
or  thorns,  maple  or  oak.  But  if  the  tenant  dig  up  such 
trees,  or  underwood,  or  suffer  the  germins  to  be  bitten  by 
cattie  after  they  are  felled,  so  that  they  wiU  not  grow 
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again}  or  mow  the  stocks  with  a  wood  wfsyihef  it  is  waste. 
Against  such  waste  the  Court  of  Chanceiy  will  giant  an 
injunction.  It  is  not  waste  for  the  tenant  to  fell  timber 
trees  which  are  completely  dead,  and  bear  neither  fruit 
nor  leaves,  and  haye  not  safficient  timber  in  them  for  build- 
ings or  posts. 

If  timber  trees  are  blown  down  by  tempest,  or  severed 
from  the  land  by  other  means,  they  become  the  property 
of  the  tenant  who  takes  the  first  estate  of  inheritance. 
But  if  dotards,  or  old  trees  which  have  no  timber  in  them, 
are  blown  ]  )wn,  they  liecome  the  property  of  the  tenant. 
And  if  the  lan<iKi7'd  fells  such  trees  dunng  the  term,  the 
tenant  may  take  thein. 

As  the  tenant  is  entitled  to  cut  hedges  and  Lushes,  the 
cuttings  belong  to  him;  and  ii  a  stranger  cut  them,  the 
landlord  cannot  maintain  an  action.  The  trimmings  of  fir 
trees  under  twenty  years  old  belong  to  the  tenant  for  life, 
and  not  to  the  remainderman. 

The  tenant  being  entitled,  during  his  term,  to  the  shade 
and  fruit  of  timber  trees,  if  the  landlord  fell  them,  he  may 
mftint-j^^iiy^  trespass. 

An  equitable  tenant  for  life  has  no  right  to  cut  timber 
without  the  consent  of  the  trustees;  if  he  does,  he  is 
bound  to  account  for  the  timber  uid  its  proceeds  to  the 
trustees. 

When  timber  is  in  a  state  of  decay,  and  will  not  improve 
by  standing,  but  is  likely  to  do  damage  to  other  trees,  and  iw. 
when  the  felling  of  it  will  be  a  benefit  to  aU  parties  con- 
cerned, the  Court  of  Chancery  will  order  it  to  be  cut 
down,  either  on  the  application  of  the  tenant  for  life  or  of 
the  remainderman.  When  the  application  is  by  the  re- 
mainderman, care  will  be  taken  that  the  tenant  for  life  is 
not  prejudiced  by  those  trees  being  taken  which  are 
necessary  for  repairs.  The  Court  will  not  order  generally 
that  those  trees  be  cut  down  which  are  fit  to  be  cut,  and 
which  a  provident  owner  might  think  fit  for  felling.  Tim- 
ber will  on  like  conditions  be  ordered  to  be  cut  when  the 
tenant  entitled  to  it  is  an  infant. 

When  trees  are  thus  felled  by  order  of  the  Court  of 
Chancery,  the  produce  of  the  sale  is  invested,  and  the 
tenant  for  life  has  the  irits k  ?t  for  his  life,  such  being 
equi-^lent  to  the  fruit  and  shad*  f>f  the  trees.  The  first 
person  entitled  to  cut  timber  is  entitled  to  the  capital  in- 
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vested.  Thus,  when  lands  are  oonveyed  in  tnut  for  A.^ 
for  life  remainder  to  B.,  for  life  without  impeadiment  for 
waste,  the  proceeds  arising  firom  the  sale  of  timber  belong 
to  B.,  on  the  death  of  A. 

^   Ornamental  timber  and  trees  planted  fo3r  the  defence 
and  8afet7of  the  boose  will  not  be  allowed  to  be  cnt  down, 

though  decaying. 
?i&r\?'  A  tenant  for  life  or  years  may  cut  timber  for  the  repairs 
Jtoi»k>,&(s.  of  jjjg  iiouge^  barns,  or  fences,  for  the  necessary  purposes, 
of  husbandry,  or  to  be  consumed  as  firewood..  He  may 
fell  tiniber  to  repair  houses  which  he  is  not  strictly  bound 
to  repair ;  for  instance,  those  which  were  minous  at  the 
time  of  the  lease,  or  those  which  tlie  lessor  covenants  to 
repair,  because  the  l'i\\'  favours  the  snpportation  of  houses 
of  habitation  for  mankind.  But  he  cannot  take  timber 
for  improvements,  such  as  to  make  fences  where  none  ex- 
isted before";  or  to  repair  houses  which  he  has  wasted,  or 
sudfered  to  be  wasted,  nor  can  he  cut  timber  for  the  pur- 
poses of  working  mines,  such  being  no  benefit  to  the  land. 
The  right  to  cut  timber  for  firewood  i-  jualified,  and  the 
lessee  can  only  justify  cutting  timber  trees  for  that  pur- 
pose when  there  is  no  underwood  or  deadwood  upon  the 
land. 

Timber  can  only  be  cut  down  for  the  express  purpose  of 
being  used  m  the  repairs  of  buildings,  &c.  It  camiut  law- 
fully be  sold  to  raise  money  for  the  purchase  of  other  timber ; 
nor  can  it  be  exchanged  for  other  timber  better  adapted 
for  the  repaurs  in  question.  If  the  timber  be  cut  down 
bond  fide  for  the  purpose  of  being  used  ia  reparations,  the 
tenant  is  justified,  though  he  may  have  over-calculated  the 
quantity  required;  but  he  cannot  cut  down  timber  by  way 
of  anticipation,  to  be  used  in  dilapidations  which  may  hap- 
pen at  some  future  time. 

Where,  by  the  lease,  the  lessor  is  to  assign  trees  to  the 
lessee  for  requisite  repairs,  and  a  particular  tree  is  assigned 
to  the  lessee  by  the  lessor's  bailifl^  such  assignment 
operates  as  a  deUyery,  and  vests  the  property  of  the  tree 
in  the  lessee,  who  may  fell  at  any  time  afterwards. 
StJ^.'  **  Where  the  tenant  covenants  to  deliver  up  all  the  trees 
standing  in  an  orchard  at  the  time  of  the  demise,  reason- 
able use  and  wear  only  excepted,  he  is  not  precluded  from 
removing  trees  decayed  and  past  bearing  from  a  part  of 
the  orchard  which  is  too  crowded.  Where  there  is  a  cove- 
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nant  not  to  remove  or  gnib  up  trees,  the  tenant  cauuot 
remove  trees  from  one  part  of  the  premises  to  another^ 
unless  they  are  dead,  even  although  he  plant  more  trees 
than  he  removes. 

Sometimes  trees  are  excepted  out  of  the  lease;  they  are  where  xnes 
then  considered  as  in  the  possession  of  the  lessor^  and  are  ^^^SSl 
not  subject  to  dilapidations  or  waste;  but  if  the  tenant 
cut  or  fell  tbem^  the  landlord  may  have  an  action  of 
trespass  against  him.  Where  trees  generally  are  excepted 
out  of  a  leasCy  sucli  exception  is  construed  to  relate  to 
timber  trees  oidy,  and  not  to  apple  or  other  iruit  trees,  or 
the  like;  since,  if  it  did,  the  tenant  would  not  be  entitled 
to  the  fruit  of  such  trees.  And  where  the  exception  was 
of  timber  and  other  trees,  but  not  the  annual  fruit  thereof, 
it  was  held  diat  apple-trees  were  not  within  it,  because  it 
was  to  be  construed  strictly  against  the  lessor. 

Sect.  IIL — DihpidaUons  hf  Mortgagee  or  Mortgagor, 

A  mortgagee,  who  in  equity  is  considered  as  holding  the  obifgationoB 
land  arf  a  pledge  for  the  payment  of  Iiia  debt,  is  bound  to  rep*!*^*** 
preserve  the  premises  from  extraordinary  dilapiu.itions ; 
but  for  that  depreciation  which  is  caused  by  gradual  de- 
cay, the  mortgagee  is  not  responsible. 

Although^  generally  speaking,  a  mortgagee  has  no  right  Bignttoaitar 
to  alter  the  mortgaged  tenements,  yet  he  may  pull  down  **'*^'* 
ruinous  houses,  and  build  better  ones,  to  prevent  a  for* 
feiture. 

He  is  entitled  to  be  allowed  for  repairs  necessaiy  for  the 
support  of  the  property,  and  for  the  expenses  of  doing  that  ^Stf 
which  is  essential  to  the  maintenance  of  the  mortgagee's 
title.  But  he  will  not  be  allowed  monies  expended  in  in- 
creasing the  value  of  the  property,  unless  the  mortgagor 
has  consented  or  acquiesced.  If  he  has  improved  the  pro- 
perty with  the  consent  of  the  mortgagor,  he  is  entitled  to 
be  reimbursed  the  monies  expended,  with  interest,  in  the 
same  manner  as  if  it  was  a  new  loan. 

The  mortgagee  in  possession  lias  no  right  to  cut  down  Right  of 
timber,  e:!tcept  the  land  is  an  insufficient  security,  when  it  t^SST^ 
seems  that  the  mort<2;ap;ee  may  sell  the  timber.  He  cannot 


open  and  work  mines,  or  take  brick  earth ;  if  he  does,  he 
is  chargeable  with  the  gross  receipts,  and  not  allowed  any 
of  the  expenses. 
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SSgiprto  '^^^  mortgagor  cannot  cnt  down  timber  to  the  prejudice 
of  the  security ;  and  therefore  if  it  appear  that  theaecority 
i8  scant^j  equity  will  restrain  him  from  feUing  timber^  but 
not  nnlese  it  he  clearly  shown  that  the  seeorily  ia  deficient, 
the  presumption  being  that  it  is  not  If  he  have  cut  down 
timber  to  the  prejudice  of  the  security^  and  sold  it,  he  will 
be  ordered  to  pay  the  amount  into  Court,  in  trust  for  the 
mortgagee.  Underwood,  which  is  in  the  nature  of  a  crop, 
the  mortgagor  will  not  be  restrained  from  cutting  at  sea- 
sonable times,  and  this  though  the  underwood  be  expressly 
mentioned  in  the  mortgage.  But  wbere  the  mortgagor 
becomes  bankrupt,  his  assignees  will  be  enjoined  from 
taking  even  underwood,  because  the  mortgagee  is  entitled 
to  the  land  in  exactly  the  same  plight  as  it  is  at  the  date 
of  the  bankruptcy,  and  to  prove  for  the  residue  of  his  debt. 


Sect.  X^.-^DUapidaHoni  rf  Party  WalU  and  Fences. 

Prop«r^ta      Where  a  party  wall  exists  between  Uvo  huildmgs  or  gar- 
dens,  which  is  used  by  the  occupiers  of  both  buildino^s 
indiscriminately,  and  it  does  not  appear  on  whose  laud  it 
was  built,  the  presumption  io  tliat  the  parties  arc  tenants 
in  common  of  the  wail.    The  presumption  of  property 
arising  from  acts  of  ownership  must  correspond  with  those 
acts ;  and,  as  in  the  case  of  a  party  wall,  each  party  equally 
makes  use  of  the  whole  wall,  the  inference  is  that  they  are 
equally  entitled  to  the  whole  walL   It  follows  that  if  one 
party  build  against  the  wall  on  his  side,  no  action  can  be 
maintained  by  the  other.   And  if  one  pull  down  the  wall 
for  the  purpose  of  rebuilding  it,  or  heighten  it,  it  is  not  a 
trespass  against  his  neighbour;  but  the  neighbour  may  haye 
an  action  on  the  case  for  the  temporary  loss  of  the  protec- 
tion of  the  wall,  or  for  any  injury  he  may  sustain  from  the 
increased  height,  or  he  may  pull  down  any  additional  erec- 
tion upon  the  wall.  And  one  tenant  in  common  of  a  hedge 
may  have  trespass  agsunst  his  co-tenant  if  he  gnib  it  up, 
but  not  if  he  merely  clip  it.    Wlicther  a  party  wall  stand- 
ing between  two  houses  belong  half  to  the  owner  of  one 
house  and  half  to  the  other,  or  is  the  comimjn  ^property  of 
both  owners,  one  has  no  right  to  undeq  in  litiv  part  of  the 
wall,  unless  he  can  do  it  without  ii^ury  to  the  house  of  the 
other. 

The  rebuilding  and  repairs  of  party  walls  within  London 
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and  a  limited  district  around^  are  isolated  by  tiie  Metro- 
politan Baildings  Aet,  hj  which  the  owner  of  one  of  the 

bouses  separated  by  tbe  party  wall  ma,j,  under  the  Bupcr- 
intendcnce  of  a  district  surveyor  and  official  referees,  re- 
build  or  repair  the  party  wall  when  necessary,  either  with 
or  without  the  consent  of  the  owner  of  the  othnr  house, 
and  recover  contribution  from  other  parties  l  it  ucliied  Ly 
the  works.  As  this  statute  is  of  itself  a  book,  and  there 
have  been  as  yet  no  legal  decisions  on  its  provisions^  this 
general  reference  to  it  must  suffice. 

In  the  case  of  a  party  wall  out  of  the  limits  of  the 
Building  Act,  the  rights  and  liabilities  of  parties  vnth  re- 
spect to  the  repairing  or  rebuilding  it  will  be  the  same  as 
thoee  of  tenants  in  common^  if  they  are  tenants  in  common 
of  the  party  wall.  If  half  the  wall  belongs  to  each  party, 
then  each  may  repMr  or  rebuild  his  part. 

In  the  case  of  a  fence  between  two  fields,  which  has  a 
ditch  at  its  base,  the  presumption  is  that  the  ience  belongs 
to  the  party  on  whose  ade  the  ditch  is  not.  It  is  reasonable 
to  suppose  that,  in  making  the  fence  by  the  party  who 
made  it,  the  ditch  was  dug  on  the  yerge  of  his  own  land» 
and  the  earth  thrown  up  on  his  land,  so  as  to  form  a  bank 
on  which  to  plant  the  fence.  And  thus,  the  outer  edge  or 
side  of  the  ditch  furthest  from  the  hedge  is  presumed  to  be 
the  boimdary  of  the  lands ;  and  if  the  party  to  whom  the 
fence  belongs  proceeds  to  widen  the  ditch,  it  hprimafade 
a  trespass  on  the  neighbour's  Innfl.  A\Tiere  there  are 
ditclies  on  both  ?ides  the  hedge,  or  where  there  is  no  dit  li 
at  all,  the  proprietorship  of  the  hed<re  may  he  proved  by 
acts  of  ownership  ;  and  if  both  parties  have  equally  exer- 
cised acts  of  ownership,  the  right  of  property  wiU,  X  appre- 
hend, be  presumed  to  be  common. 

A  tenancy  in  common  in  a  party  wall  or  fence  does  not  ow^t^to 
imply  any  obligation  in  one  tenaut  towards  his  companion 
to  repair  audi  wall  or  fence,  nor  does  the  existence  of  a 
fence  on  a  man's  land  impose  on  him  any  obligaldon  to  re- 
pair it  as  against  his  neighbour. 

Though  the  obligation  to  repair  a  fence  be  annexed  to  who  boand 
the  fee  simple  of  tbe  land,  yet  the  party  bound  to  do  the  ^'^^ 
repaus  is  the  actual  occupier,  he  being  the  person  whose 
immediate  duty  it  is  to  prevent  cattle  from  straying  from 
one  dose  into  the  other ;  and  having  the  exdndve  posses- 
don  of  the  fence,  he  is  the  only  person  who  can  lawfully 


740  DILAPIDATIONS  OF 

repair  itj  or  who  can  be  presumed  to  know  of  the 
defeots. 

pi2!SS£l  ohhgation  to  repair  is  only  towards  the  ocoupier  of 
i******^  the  adjoining  dose^  and  not  general,  as  against  the  public ; 
and  therefore  a  partj  seeking  to  take  advantage  of  that 
obligation,  either  as  excusing  a  trespass,  or  charging  the 
obligor  for  injuries  happening  to  his  cattle,  must  show  an 
interest  in  the  adjoining  close,  or  a  nght  to  have  his  cattle 
there. 


Sbct.  v. — Dilapidations  of  Highways  and  Bridges, 

ilJlISt- n°to '  general  rule  of  the  common  law,  the  parish — 

o£  Parkta.  that  is,  the  occupiers  of  land  within  the  parish— are  bound 
to  repair  all  the  highways  therein.  Sometimes,  hj  special 
prescription^  the  inhabitants  of  a  township  are  bound  to 

repair  liighways  ^y;thln  the  township,  and  sometimes  one 
parish  is  bound  to  repair  highways  situate  in  another.  A 
'  corporation  or  individual  may  be  bound  to  repair  highways 
by  reason  of  the  tenure  of  some  pnrticnhir  lands  ;  an  indi- 
vidual may  also  be  bound  to  repair  li'mhways  by  reason  of 
enclosure.  These  are  exceptions :  the  general  rule  is,  that 
parishioners  shall  repair  the  highways  ;  and  where  the 
parties  bound  by  prescription  become  insolvent  and  unable 
to  repair,  the  charge  falls  upon  the  parish.  Where  the 
inhabitants  of  a  township  had  ininiemorially  repaired  high- 
ways within  the  township,  and  a  new  road  was  made  by 
Act  of  Parliament,  which  expressly  exempted  the  inhabi- 
tants of  the  townsliip  from  the  charge  of  repairing  it,  it 
was  held,  that,  ex  necessitate,  the  rest  of  the  parish  were 
liable.  And  where  a  turnpike  road  id  made  by  an  Act  of 
Parliament,  and  placed  under  the  management  of  trustees, 
who  are  to  repair  out  of  the  tolls,  the  parish  may  be  in- 
dicted if  the  road  be  ont  of  repair,  because  thej  are  liable 
by  the  general  rule  of  the  conuxkon  law ;  and  the  tolls,  &c., 
in  the  hands  of  the  trustees,  are  only  an  auxiliary  fund ; 
and  if  such  fund  fail,  recourse  can  only  be  had  to  the  parish. 
But  where  such  road  is  made  in  a  township  which,  by  pre- 
scription, is  bound  to  repur  the  roads  within  it,  the  inhar 
bitants  of  the  township  must  repair,  because,  by  the 
prescription,  the  township  stands  in  the  place  of  a  parish 
as  to  the  repair  of  highways.  It  is  obvious  that  the  pa- 
rishioners cannot  discharge  themselves  from  th^  UabiLty 
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to  repair  a  liigbway  by  agreement  or  otherwise,  since  such 
an  a^eemeut  would  affect  the  rights  and  security  of  the 
public,  to  whom  the  |)arish  is  bounrL  \Vhere  highways  are 
situate  within  an  extra-parochial  hamlet,  it  has  heeu- 
doubted  whether  the  inhabitants  of  such  hamlet  are,  with- 
out a  special  custom,  liable  to  repair ;  but  it  would  seem, 
upon  principle,  that  they  are  liable  to  repair,  because  other- 
wise the  roads  would  not  be  repaired  at  all ;  and  in  the 
case  of  a  turnpike  road,  there  could  be  no  persons  ulti> 
matelj  liable  to  keep  it  in  repair,  in  the  event  of  the  tolls, 
&c.,  proving  inadequate,  because  to  such  road  no  prescrip- 
tion or  custom  would  apply. 

Every  thoroughfare  which  is  used  by  the  public  is  an^hwaj* 
highway,  whether  it  be  a  carriage-way,  a  horse^way,  or  a 
foot*-way :  a  navigable  river  is  a  highway.  In  one  case 
paridiioners  were  indicted  for  not  repairing  stairs  leading 
to  the  Thames.  A  way  merely  leading  to  a  church,  a 
village,  or  a  private  house,  and  therefore  nojt  useful  to  the 
public  generally,  is  not  a  highway. 

A  highway  may  be  created  by  Act  of  Parliament ;  and 
when  it  has  been  recognized  in  an  Act  of  Parliament  as 
public,  it  is  a  highway,  and  repairable  as  such.  Where  a 
highway  is  created  by  a  temporary  Act,  it  ceases  to  be 
such  when  the  Act  expires,  and  statute  duty  done  upon  it 
in  obedience  to  the  Act  i?  no  adoption  of  it  by  the  pubHe. 
When,  by  Act  of  Parliament,  trustees  are  empow^^red  to 
make  a  road  or  roads,  no  part  of  them  becomes  a  iiigh^vay 
until  the  whole  are  made.  But  when  several  roads  are 
authorized  to  be  made,  ami  it  is  provided  that  they  shall 
not  become  public  until  two  justices  have  cca  tificd  that  the 
said  roads  respectively  are  fit  to  be  travelled  on,  each  road 
becomes  public  vso  soon  as  the  justices  have  certified;  and 
it  is  not  a  condition  that  they  shall  all  be  made  before  any 
are  public  highways. 

Formerly,  wherever  a  party  made  a  way  over  his  land,  j^^^^^ 
and  dedicated  it  to  the  public,  and  the  public  used  the  way, 
it  became  a  public  highway,  and  repairable  by  the  parish. 
Now,  by  the  Highway  Act,  (which  came  into  operation  on 
the  30th  of  March,  1836,)  No  road  or  occupation-way 
made,  or  hereafter  to  be  made,  by  and  at  the  expense  of 
any  individual  or  private  person^  body  politic  or  corporatey 
nor  any  roads  already  set  out,  or  to  be  hereafter  set  out, 
as  a  private  driftway  or  horse-path,  m  any  awazd  of  Com" 
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missioners  nnder  an  Enclosure  Act,  shall  be  deemed  or 
taken  to  be  a  liighway,  which  the  iuhabitani-^  of  nny  parish 
shall  he  liable  to  repair,  unless  the  person  proposing  to  de- 
dicate such  highway  to  the  use  of  the  public  shall  give 
three  calendar  months'  previous  notice,  ia  writing,  to  the 
surveyor  of  the  parish,  of  his  intention  to  dedicate  such 
highway  to  the  use  of  the  public,  describing  its  situation 
and  extent,  and  sliall  have  made,  and  shall  make,  the  same 
in  a  substantial  maimer,  and  of  the  width  required  by  the 
Act,  and  to  the  sal^sfisustion  of  the  surveyor  and  two  jus- 
tices of  the  peaoe^  of  the  division  in  which  such  highway 
is  situate,  in  petty  sessions  assembled." 
^  A  way  may  be  dedicated  for  a  limited  time ;  it  may  also 
be  dedicated  for  particular  periods,  as  where  it  appeared 
that  a  bridge  was  used  by  the  public  at  all  times>  on  foot 
and  with  horses,  but  only  occasionally  with  carriages,  in 
times  of  flood  and  frost,  when  it  was  unsafe  to  pass  through 
the  river.  In  ordinary  times  the  carriages  went  through 
the  ford,  and  the  bridge  was  sometimes  barred  against  car* 
riflges  by  a  chain,  lodged  to  posts.  Lord  Ellenborough 
held  that  tbis  was  a  public  right  of  way,  limited  as  to  time. 
It  has  been  doubted,  however,  whether  there  can  be  a  par^ 
tial  dedication  of  a  way,  that  is,  of  a  right  of  way  for  some 
carriages  and  not  for  others.  The  argument  against  such 
a  dedication  ia,  that  it  is  unjust  for  the  pubBc  generally  to 
be  obliged  to  repair  a  road  which  a  portion  of  the  public 
only  are  allowed  to  use. 

There  cannot  be  a  dedication  to  a  particular  part  of  the 
public,  as  to  the  inhabitants  of  a  parish ;  such  a  dedication 
is  simply  void. 

Where  lands  chargeable  with  the  repab  of  a  highway 
are  conveyed  to  several,  they  are  all  liable  to  do  the  repairs 
in  proportion  to  the  quantity  of  land  they  hold ;  though  if 
the  way  be  dilapidated,  any  one  of  the  proprietors  may  be 
indicted  Hcparately,  and  compelled  to  pay  the  whole  fine. 
He  may  proceed  against  those  who  arc  jolnily  lial>le  with 
him  for  contribution.  If  lands  so  chargeable  come  into  the 
hands  of  the  Crown,  they  are  not  discharged. 

It  is  the  occupier  and  not  the  freeholder  of  the  lands 
chargeable  with  repairs  of  a  highway  against  whom  the 
indictment  -h mid  be  preferred.  But  the  occupier  is  en- 
titled to  be  reimbursed  by  his  landlord  the  sum  expended 
in  repaii'S. 
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The  surveyor  is  to  make  eveiy  carl^way  leading  to  any  width, 
market-town  twenty  feet  wide  at  the  least,  every  horse- 
way eight  feet  wide,  and  every  foot-way  at  the  ade  of  any 
cart-way,  Sec,  three  feet  wide,  if  the  space  between  the 
fences  will  admit  thereof* 

Gateways  across  any  carriage-way  must  be  ten  feet  widm  of 
wide,  and  atsposs  any  horse-way  five  feet  wide,  clear  be- 
tween  the  posts;  and  if  the  owner  of  any  narrower  gate 
omit  to  enlarge  or  remo\e  it  after  twenty-one  days'  notice 
from  the  surveyor,  he  is  liable  to  a  penalty  not  exceeding 
lOs,  per  day  for  so  long  time  as  he  so  neslects. 

The  surveyor  is  bound  to  remove  any  accumulation  of  BciiMiiior 
8D0W  within  twenty-four  hours  after  notice  from  a  justice 
of  the  peace.  He  is  empowered  to  make,  scour,  cleanse, 
and  keep  open  all  ditches,  gutters,  drains,  or  water-courses,  ckauiiu 
and  to  make  and  lay  such  trunks,  tunnels,  plat^,  and 
bridtrps,  as  he  may  deem  necessary,  in  and  through  any 
lauds,  adjoining  the  highway,  making  the  owner  or  occu- 
pier compensation  if  the  lands  axe  not  waste  or  comiaou  ; 
the  iimount  to  be  settled  in  the  same  manner  as  the  amount 
of  damages  for  getting  materialb  trom  enclosed  lands. 

If  any  person  alter  or  obstruct  the  ditches,  &C.,  after 
they  have  been  taken  under  the  charge  of  the  surveyor, 
he  is  bound  to  reimburse  the  surveyor  the  expense  of  re- 
instating them,  and  to  forfeit  a  sum  not  exceeding  three 
times  such  expense. 

The  surveyors  of  parishes  more  than  three  miles  from  mnetfoa- 
the  post  office  are  also  required,  with  the  consent  of  the 
vestoy,  or  by  the  direction  of  the  justices  at  special  sessions, 
to  set  up  dhrection-posts  or  stones  in  places  where  two  ways 
meet,  and  boundary  stones ;  and  on  such  parts  of  highways 
as  are  sulcject  to  floods,  to  erect  graduated  stones  to  guide 
travellers  the  safest  track  through  the  floods,  and  to  secure 
horse  causeways  and  foot  causeways  from  being  passed 
over  by  waggons,  by  banks  of  earth,  posts,  and  stones. 

No  tree,  bush,  or  shrub  can  be  planted  on  any  carriage-  Encroach, 
way  within  fifteen  feet  of  the  centre.    And  if  the  owner 
do  not  remove  it  veithin  twenty-one  days  after  notice  from 
the  surveyor,  he  forfeits  10«.  for  every  neglect. 

The  highway  is  that  portion  of  ground  which  has  been  o«Bt»or 
maintained  and  repaired  by  the  surveyor  for  six  months 
next  preceding,  and  the  fifteen  feet  are  to  be  measured 
from  the  centre  of  that 
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If  the  surveyor  tiimk  that  a  highway  is  prejudiced  by 
any  hedges  or  trees  (except  trees  planted  for  the  ornament 
or  shelter  of  any  hop-ground^  house,  building,  or  court- 
yard,) he  may  summon  the  owner  of  the  land  before  a 
justice,  who  may  determiiie  whether  the  trees,  &c.,  shall 
be  cut,  pruned,  or  plashed.  If  the  owner  fail  to  obey  the 
order  of  the  justice,  the  surreyor  may  cut  the  hedge,  and 
the  owner  must  reimburse  him  the  expense  incurred. 
gJJJJ  No  person  can  be  ordered  to  cut  any  hedges  between 
the  last  day  of  September  and  the  last  day  of  March,  nor 
to  fell  any  timber  tree,  unless  the  highway  is  ordered  to 
be  widened,  and  then  he  can  only  be  compelled  to  grub  up 
oak-trees  in  April,  May,  and  June,  and  ash,  elm,  or  other 
trees  in  December,  January,  February,  and  March. 
Materials  for  -pj^g  surycvor  may,  with  the  consent  of  the  vestry,  con- 
Higtways.  tract  for  the  purchase  ot'  materials  required  tor  tlie  repair 
of  highways.  He  is  not  to  have  any  interest  in  such  con- 
tract without  the  license  of  two  justices  at  apecial  sessions, 
under  a  penalty  not  exceedluo;  £  10,  and  incapacity  of  being 
employed  as  a  surveyor  with  a  salary. 

Where  lands  belonging  to  parishes,  or  to  the  surveyor 
of  highways  for  the  purpose  of  obtaining  materials,  become 
exhausted,  the  surveyor  may,  with  the  consent  of  justices 
at  special  sessions,  sdl  the  land  to  the  owner  of  adjoin- 
ing land,  or,  if  he  refuse,  to  any  other  person,  for  such  pnce 
as  the  justices  think  reasonable,  and  apply  the  money,  with 
^e  consent,  in  the  purchase  of  other  lands. 

The  surveyor  may  search  for,  dig,  and  carry  away  gravel, 
sand,  stone,  or  other  materials,  in  any  waste,  common,  river, 
or  brook,  within  the  parish ;  or,  if  suffi<nent  cannot  be  oIh 
tained  in  his  parish,  he  may  take  them  from  any  other 
parish,  leaving  sufficient  for  the  repairs  of  the  highways  in 
such  parish. 

Where  sufficient  materials  cannot  be  had  in  the  waste, 
commons,  rivers,  and  brooks,  the  surveyor  may,  with  the 
license  of  two  justices  at  special  sessions,  dig  and  carry 

away  materials  from  the  endosed  land  of  any  person  within 

the  parish  (such  laud  not  being  a  garden,  yard,  ayenue  to  a 
house,  lawn,  park,  paddock,  or  enclosed  plantation,  or  en- 
closed wood  not  exceeding  one  hundred  acres),  or  within 
any  parish  adjoming  the  highway,  if  sufficient  materials 
cannot  be  had  within  the  parish  or  in  the  wastes,  &c,  of 
the  a^acent  parish,  and  so  that  suffident  materials  be  left 
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for  the  repairs  of  thciiighway  in  the  parish  where  the  lands 
He.  These  q^uestions  to  be  determined  by  the  justices. 
The  survejor  ia  to  make  satisfaction  ifor  the  materials 
taken^  and  also  for  the  damage  done  to  the  lands  in  taking 
and  carrying  away  the  same. 

Public  bridges^  if  not  within  a  caty  or  town  corporate,  or  srUgM. 
are  repairable  hj  the  inhabitants  of  the  county ;  if  within 
a  city  or  town  corporate,  by  the  inhabitants  of  such  city  or 
town.  If  part  in  one  shire,  city,  or  town,  and  part  in  ano- 
ther, the  inhabitants  of  the  shire,  city,  or  town,  are  bound 
to  repair  so  much  of  the  bridge  as  lies  within  their  limits. 
A  bridge  may,  by  custom,  be  repairable  by  the  hundred  or 
parish  in  which  it  is  situate ;  or  an  individual  may  by  pre- 
scription be  bound  to  repair,  by  reason  of  the  tenure  of 
lands. 

Those  who  are  bound  to  repair  brid&^es,  must  make  them  how  re. 
of  such  height  and  strength  as  shall  be  answerable  to  the 
course  of  the  water;  and  if  it  take  a  new  channel,  they  must 
erect  a  bridge  there.  But  they  are  not  bound  to  widen  the 
bridge,  however  convenient  or  necessary  it  may  be  to  the 
publia 

Counties  are  also  bound  to  repair  the  highways  at  the  CNtewvito 
ends  of  bridges  for  300  feet. 
Eve^  bridge  which  is  of  public  utali^  is  a  public  bridge,  JJ^^** 

and  prima  facie  repairable  hj  the  inhabitants  of  the  county. 
Although  the  bridge  is  erected  by  a  private  individual  for 
his  own  private  advantage,  yet,  if  it  becomes  of  public  be- 
nefit, it  is  a  public  bridge. 

J^Y  43  Geo.  III.,  c.  59,  s.  5,  no  bridge  built  by  an  indi- 
vidual shall  be  deemed  a  county  bridge,  unless  erected  in 
a  substantial  and  commodious  manner,  under  the  direction, 
and  to  the  satisfaction,  of  the  county  surveyor,  or  person 
appointed  by  the  justices  at  quarter  sessions,  or,  in  Lan- 
caster, by  the  justices  at  the  annual  sessions ;  which  sur- 
veyor, or  person  appointed,  is  to  attend  and  superintend 
the  erection  of  the  bridge,  when  required  by  the  party 
erecting  the  same ;  and  if  the  builder  be  dissatisfied,  the 
matter  is  to  be  determined  at  the  quarter  or  annual  sessions. 

The  justices  of  the  peace  are  to  appoint  two  surveyors, 
with  salaries,  to  see  bridges  amended. 

2  Y 
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SfiOi.  YI. — Nmsances* 

D^tion  of  A  nuisance  may  be  defined  to  be  a  wrongful  act  or  neg- 
lect  of  cue  man,  in  the  use  or  manag-cment  of  liis  land^ 
whicli  occaaions  damage  to  the  possession  or  easement  of 
his  neighbour,  or  to  a  public  easement. 
Attta  iBtttA.  Any  act  done  hj  one  man  on  Ian  land  wbicli  is  the  cause 
Ttta  pwM-  of  an  endoachment  on  that  of  another,  to  his  damage,  is  an 
actionable  nuisance. 

If,  in  consequence  of  an  act  done  in  one  coUieiy,  damage 
is  caused  to  another,  though  at  some  distance,  an  action 
lies  by  the  owner  of  the  colliery  injured. 

In  determining  what  acts  are  nuisances,  it  is  necessary 
to  ascertun  the  legal  extent  of  the  possesions  of  an  occu- 
pier of  land*  He  to  whom  the  soil  belongs  is  entitled  to 
all  the  space  of  air  above  to  the  sky,  and  of  the  earth  below 
to  the  centre.  His  rights  extend  perpendicularly  above 
and  below  his  own  land,  and  not  latently,  so  as  to  claim 
any  use  from  ^e  earth  beneath  or  the  air  above  the  adjoin- 
ing land.  It  is  therefore  not  only  a  nuisance  to  cause  an 
encroachment  or  injury  to  the  soil  of  a  neighbour,  as  if  a 
house  is  built  overhanging  the  land  of  another ;  but  also  if 
the  air  over  his  land  is  corrupted  or  disturbed  by  noisome 
smells  or  deafening  noises,  it  is  a  nuisance. 

Not  every  disagreeable  smell  or  noise  which  spreads 
from  one  man's  land  to  his  neighbour's  is  actionable.  The 
smell  or  noise  must  arise  from  some  pcrmnnont  cause,  and 
occasion  continual  iinnoyrfnoc  and  diacomtbrt,  to  a  deerree 
suflScient  to  depreciate  the  value  of  r?  dwollinrr-house,  and 
render  it  less  elie-ibh  in  consequence  of  the  d  c  i  i!"hbourhood. 
A  man  is  not  restricted  in  the  fair  and  reasoual  lc  use  of 
his  land  by  any  delicacy  of  sense  or  peculiarity  ot  habit  of 
his  neighhonr.    A  pig-sty,  lime-kiln,  privy,  smith's  forge, 
tobacco  mill,  tallow  furnace,  and  glass-house,  set  up  near 
a  private  residence,  are  nuisances.    And  so  a  mill  for 
steeping  dieep-skins,  y)y  which  the  air  is  corrupted;  a 
building  for  manufacturing  acid  spirit  of  sulphur,  which 
occasions  mnsome  and  offensive  smells ;  a  place  for  slaugh- 
tering hoEses.   It  is  not  essential  that  Hie  stench  raised 
should  be  unwholesome ;  it  is  sufficient  if  it  renders  the 
enjoyment  of  life  and  property  uncomfortable. 
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Any  wilfol  and  mischieTons  act  of  one  man  which  diB-  DWoriNuice 
tnrbs  another  in  the  enjoyment  of  the  leasonaVle  profits  of  S  lkSS*^ 
his  land  is  a  nuisancej  tiiough  without  the  inalicions  motive 
of  the  agent  the  act  is  innocent. 

It  is  also  a  nuisance  to  the  occupier  of  the  hmd  over  Dhmioiiof 
which  it  flows  to  obstruct  or  divert  a  stream  of  water.  By  ^***'* 
this  act  a  natural  profit  is  prevented  from  coming  to  the 
land.  The  proprietor  of  land  on  each  bank  of  a  stream 
is  prima  facte  entitled  to  half  the  land  covered  by  the 
stream,  but  there  is  no  property  in  the  water.  Every  pro- 
prietor has  an  equal  right  to  use  the  water  which  flows  in 
the  stream,  and,  consequently,  no  proprietor  can  have  the 
right  to  use  the  water  to  the  prejudice  of  any  other  pro- 
prietor. No  proprietor  can  either  diminish  the  supply  of 
water,  which  would  otherwise  descend  to  the  proprietor 
below,  or  throw  it  back  upon  the  proprietor  above."  By 
grant,  or  by  prescription,  a  projtriet  or  may  acquire  a  right 
to  take  the  water,  to  the  prejudice  of  the  other  proprietors 
of  land  on  the  banks  of  the  stream ;  but  bv  merely  appro- 
priating to  himself  water  which  is  not  at  the  time  usefblto 
the  other  proprietors,  he  acqim-cs  no  such  right.  Thiis^  a 
person  who  first  builds  a  mill  ou  the  banks  of  a  stream  has 
no  rigiil  to  pen  back  or  divert  tlic  water  for  the  supply  of 
hi-  Ttiill,  so  as  to  diminish  tlie  qnantity  of  water  which 
would  come  to  the  proprietors  below^  on  the  ground  that 
they  have  not  applied  the  stream  to  any  particular  use. 

In  public  navigable  rivers  no  right  can  he  gained^  even 
by  prescription,  to  divert  or  obstruct  the  stream,  to  the 
prejudice  of  the  public.  All  that  the  proprietor  of  the 
land  on  the  bank^  Lind  to  whom  the  soil  belongs,  to  the 
middle  of  the  rivci )  can  do,  is  to  take  so  much  water  as 
may  be  necessary  for  his  private  purposes  by  pipes,  or 
otherwise,  so  as  not  sensibly  to  diminish  the  quantity,  to 
the  prejudice  of  the  navigation. 

Where  the  ancient  course  of  water  is  to  flood  certain  pntMstioii  of 
lands  at  certain  seasons,  the  owners  of  those  lands  cannot  bSSLSo^. 
justify  fencing  it  off  their  lands,  to  the  prejudice  of  other 
prop^y;  though,  if  such  he  not  the  ancient  course  of 
the  waters,  they  may.  Thus  if  a  river  periodically  inun- 
dates the  surrounding  country  at  certain  places,  the  parties 
whose  lands  are  thus  periodically  subject  to  floods  have  no 
right  to  protect  their  lands  against  the  river,  if  they  there- 
by cause  the  waters  to  flood  the  lands  of  their  neighbours. 
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because  ])y  such  act  they  improve  and  increaae  the  "Value 
of  their  property  at  the  expense  of  their  neighbouw. 
Sg««wgi^io  A  man  who  builds  a  house  on  the  verge  of  his  own 
land,  has  no  right  to  the  support  of  his  neighbour's  land 
for  the  foundation  of  his  house;  nor  if  he  bmld  against 
the  waU  of  hia  neighbour's  house,  has  he  any  right  to  the 
support  of  snob  wall;  and  if  he  plaoe  windows  lookmg  to- 
.  wards  his  neighbour's  land,  he  cannot  complain  if  his 
neighbour  build  so  as  to  obstruot  the  light. 

If  the  occupier  of  a  house  suffers  it  to  be  dilapidated  so 
as  to  injure  the  adjoining  house,  be  is  liable  to  an  action. 
If  one  has  conduit  pipes  passing  by  the  foundations  of  the 
house,  and  he  neglects  to  repair  them,  whereby  the  house 
is  injured,  it  is  a  nuisance. 

So  a  party  having  a  water  course  in  his  land  is  bound  to 
cleanse  it,  at  all  events  so  as  to  prevent  its  becoming  in- 
jurious to  his  neighbour;  and  is  liable  for  an  obstruction, 
although  he  has  no  notice  of  it. 

The  cases  as  to  nuisances  caused  by  fire  have  already 
been  stated. 

Bumittita.      An  easement  is  a  right  which  one  man  has  to  use  the 

land  of  his  neighbour  for  a  special  purpose. 
By  pi«Mtip.    A  prescriptive  right  to  the  easement  of  light  is  acquired 
by  twenty  years  uninterrupted  enjoyment,  unless  it 
appears  that  such  enjoyment  was  had  by  some  consent  or 
agreement  expressly  given  for  that  purpose  by  deed  or 
writing.    The  enjoyment  must  be  by  a  window  or  opening 
in  a  building,  by  which  the  claimant  visibly  appropriates 
the  light  flowing  through  sik4i  window  to  himself, 
nugmna       If  a  person  suffers  his  tenement  to  become  dangerous  to 
NviaMiM.    ^j^^  public,  or  exercises  an  occupation  dangerous  to  health 
or  life  in  a  public  situation,  he  is  guilty  of  a  nuisance. 
Thus,  if  the  occupier  of  a  house  neur  a  highway  suffer  it 
to  become  so  dilapidated  that  it  is  iikely  to  fall  on  the 
passengers,  he  is  indictable. 
Remedies  for    A  prlvatc  Ruisance  may  be  abated  by  ihe  party  injured 
Ab^^t.  by  it,  prnvided  he  commits  no  riot  in  the  abatement ;  but 
a  public  nuisance  cannot  be  abated  by  an  individual,  unless 
he  is  specially  inconvenienced  thereby. 
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CHAPTER  XXII. 

THE  LAW  RELATma  TO  APPRAISEBS 
AND  AUOTIONEEES. 

Sect.  L—The  Law  rdcMng  to  Appraisements, 

By  the  Laws  regpilating  Attorneys,  no  person  wlio  is  None  but 
not  admitted  and  enrolled^  and  otherwise  duly  qualified  to  fl^iwnaM 
act  as  Attorney  or  Solicitor,  can  bob  out  any  writ  or  pro-  ASonM^S. 
cess,  or  commence,  carry  on,  or  »>licit  any  action,  suit,  or 
other  proceeding,  in  any  Court  of  Eqmty,  or  Law,  CSvii 
or  Criminal.    (6  &  7  Vic,  c.  73,  s.  2.) 

By  44  Geo.  3,  c.  98,  s.  14,  Every  person,  who,  for,  or  uadwpen- 
in  expectation  of  fee,  gain,  or  reward,  draws  or  prepares***'*"^* 
any  Conveyance  or  Deed  relating  to  any  real  or  personal 
estate,  or  any  proceedings  in  Law  or  in  Equity,  other  than 
and  except  a  Serjeant-at-Law,  Barrister,  Solicitor,  Attor- 
ney, Notary,  or  Proctor,  having  obtained  a  regular  certi- 
ficate ;  Special  Pleader,  Draftsman  in  Equity,  or  Convey- 
ancer, being  a  Member  of  one  of  the  four  Inns  of  Court, 
and  having  taken  out  a  certificate ;  or  a  person  employed 
to  engross  any  Deed,  Instrument,  or  other  proceeding, 
not  drawn  or  engrossed  by  himself,  as  a  public  officer  pre- 
paring a  public  document,  in  the  coiirae.  ut  his  dutv,  is 
liable  to  a  penalty  of  £50.  The  act  does  not  extend  to 
prevent  any  person  from  preparing  a  will,  an  agreement 
not  under  seal,  or  a  letter  of  attorney. 

By  46,  Geo.  3,  c  46,  Appraisers  are  required  to  obtain  iSSl^jS^ 
licenses  from  the  Inland  Bevenue  Office,  for  the  purpose 
of  carrying  on  their  business ;  and  appraisements  are  re* 
quired  to  be  stamped. 

Every  person  who  values  or  appraises  any  estate  (ft  ^I^^^^^Sl^ 
property,  real  or  personal,  or  any  interest  in  possession  or  '"^ 
reversion,  or  any  goods,  merchandise,  or  effects^  for,  or  in 
expectation  of  hire,  fee,  gain,  or  reward,  is  an  Appraiser 
within  the  act  (s.  4.) 

No  person  can  exercise  the  calling  or  occupation  of  an  ^^^u  m 
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i^!^^'    Appraiser  without  taking  out  a  license,  which  is  granted 
by  the  Commiasioners  of  Inland  Revenue,    (s.  5.) 

Licenaea  issued  between  5th  July  and  5th  Augpiet,  are 
dated  6th  July;  those  iesued  at  other  times  are  dated  on 
the  day  of  issue.   Eveiy  license  continues  in  force  until 
the  5th  of  Jaly  following  its  issue. 
£w  A»  Jrt.  person  who  appraises  or  Values  any  estate  or  pro- 

^pniNT    P^Js      for,  or  in  expectation  of  hire  or  reward,  without 

being  licensed,  is  liable  to  a  penalty  of  £50.  (s.  6.) 
An  Aactiojt*     An  Auctioneer  duly  licensed  as  such,  may  act  as  an 
ZSS*'  Appraiser  without  an  Appraiser's  Ucense.   (s.  7.) 
mSrt^Tw    ■'^"^^T  Appraiser  must  set  down  in  words  or  figures 
wiSuftStt  valuation  made  by  him,  and  the  fuH  amount  thereof, 

on  and  within  fourteen  days  deliyer  the  same,  duly  stamped, 
^     to  his  employer,  under  a  penalty  of  £50.   (s.  8.) 
ihJ'relx^ve,    If  the  employer  of  an  Appraiser  receiyes,  or  pays,  or 
i  d  vai'Son  makes  compensation  for  making  an  appraisement,  and  the 
liabietoPea.  j^qj.     dowB.  ou  paper  duly  stamped,  he  forfeits 

£20.    (s.  9.) 

rS^nwif^     If  more  than  one  shpct  or  piece  of  paper  is  used  in 
2Su^<     writing  an  ap{)raiscmenr,  that  only  wliich  contains  the  ag- 
gregate amount  of  the  valuation  need  be  stampprl.    (s.  10.) 
jwTtojS?'*"     ^®  license  to  use  and  exercise  the  calling  or  occupation 
of  an  Appraiser  in  the  U  nited  Kinfrdora,  is  (by  8  &  9  Vic, 
c.  76,)  subject  to  a  stamp  duty  ut  £2. 
token  01?**    1*  must  be  taken  out  yearly  by  every  person  (except  a 
licensed  auctioneer)  who  exercises  the  ceJling  or  occupa* 
tion  of  an  appraiser,  or  who  for,  or  in  expectation,  of  any 
gain,  fee,  or  reward,  makes  any  appraisement  or  yalnation 
chargeable  by  law  with  any  stamp  duty, 
sta?  stamp  duty  on  Appraisements  is  imposed  by  55 

M?^'  ^>  ^  1^^>  an  Appraisement  or  valuation  of  any 
estate  or  effects,  real  or  personal,  heritable  or  moyeable, 
or  of  any  interest  therein,  or  of  the  annual  value 
thereof,  or  of  any  dilapidations,  or  of  any  repairs  wanted, 
or  of  the  materials  and  labour  used,  or  to  be  used  in  any 
buildings,  or  of  any  artifi(;er's  work  whatsoeyer. 
Where  the  amount  of     h  appraisement         £>.  s.  d. 

or  valuation  exceeds  not        .  £50    .0    2  6 

Where  it  exceeds  £50,  and  exceeds  not  100   .    0   5  0 
„  100  „  200    .    0  10  0 

„  200  „  600   .    0  16  0 

,,500  .10  0 
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The  exemptions  from  duty  are 

Appraisements  or  valuations  made  in  pur?nnnce  of  the 
order  of  any  Court  of  Admiralty  or  Vice-Adniiralty,  or 
of  any  Court  of  Appeal,  trom  any  bentence,  adjudication, 
or  judgment  of  any  Court  of  Admiralty  or  Vice- Admiralty. 

Appraisements  or  valuations  of  any  })roperty  made  for 
the  purpose  of  ascertainmg  the  legacy  duty  payable  in 
respect  thereof. 

It  should  be  noted  iiuit  the  above  penalties  can  only  be  Pwuiia*, 
sued  for  in  the  name  of  the  Attorney-General,  or  of  the  «iini. 
Solicitor  of  Stamps^  or  some  other  officer  of  the  Stamps. 
(44.  Geo.  3^  c.  98.) 

K  a  person  acts  as  an  Appraiser  without  being  licensed,  ^Jp';*",^ 
or  if  an  Appraiser  omits  to  write  his  appraisement  on  a 
stamp,  his  oondnct  is  illegal,  and  he  cannot  recover  for  his  g*>*v«* 
services.   (Palk  v.  Force,  17,  Law  Jour.,  G.  B.  299,  12 
par.  797.) 

The  Stamp  Acts  do  not  apply  to  appraisements  made  ^^-^mp  acu^ 
merelv  for  private  information,  but  to  such  only  as  are  to  valuations. 

•  *  i.^  .       mad©  lor  pri- 

intended  to  be  binding  between  two  parties  with  opposing  ^t«M^-^ 
interests.  Thus,  a  valuation  of  parish  lands  made  by  a 
farmer  and  a  basket-maker  for  the  sidesmen  of  the  parish, 
with  a  view  to  the  equalisation  of  the  poor-rate,  has  been 
held  not  to  require  an  appraisement  stamp,  and  the  former 
and  basket-maker  recovered  compensation  for  thdr  ser- 
vices, although  they  were  not  licensed  as  Apprsusers. 
(Atkinson  v.  Fell,  5  Maule  &  SeL  240.)  And  so,  where 
two  partners  in  a  coal  mine  directed  a  third  person  to 
balance  the  profit  and  loss  of  the  concern,  and  to  value 
the  materials  and  utensils,  and  each  party  was  to  take  an 
article  alternately  at  his  valuation,  until  ihe  whole  was 
divided,  it  was  held  that  the  valuation  so  made  was  for  the 
mutual  information  of  the  partners ;  and  although  it  was 
afterwards  adopted  as  the  terras  of  their  agreement,  it 
was  not  an  appraisement  within  the  stamp  laws.  (Jackson 
II.  Stophurd,  4  Tyr.  330.) 

An  appraisement  or  valuation  although  it  is  agreed  to  ^pp™^^ 
be  and  is  binding  upon  the  parties  as  an  award,  docs  not  notrpquir© 
require  an  award  stamp.    Thus  n  valuation  of  the  amount  suunp. 
due  to  a  builder  for  building  a  house  was  held  to  be  suf- 
ficiently stamped  with  an  appraisement  stamp.  (Perkins 
V.  Potts,  2  Chit.  399.)    So  an  appraisement  of  the  amount 
to  be  psdd  by  an  incoming  to  an  outgoing  tenant  for  stock 
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and  implementSi  and  of  tbe  amount  to  be  allowed  by  the 
outgoing  tenant  for  repairs^  is  sufficiently  stamped  with  an 
appraisement  stamp.   (Leas  v.  Burroughs,  12  Kaat.  1.) 


Sect.  IL — 2%e  Law  ofAucthn, 

JJ»2H.     By  8  &  9  Tic,  c.  15.  The  Auction  Duty  is  repealed, 
MfttLieeniiA.  and  au  Excise  Duty  of  jglO  is  imposed  upon  every  License 
to  be  taken  out  annually  hy  eveiy  person  exercising  or 
carrying  on  the  trade  of  an  Auctioneer,  in  any  part  of  the 
United  Kingdom. 
Erery  Aw-      Everv  persoH  who  exercises  or  carries  on  the  trade  or 

tioueer  is  re-  .        "  , 

t  i"  '  *t  Li  ^''^^"^^^^^  Auctioneer,  or  who  acta  in  such  capacity  at 

ceiue.        any  sale  or  roup,  and  every  |!f»r'^n-n  who  sells,  or  otFers  tor 
sale,  any  goods  or  chattels,  I  ni  i-,  tenements,  or  heredita- 
ments, or  any  interest  therein,  at  any  vsale,  or  roup,  Avhen 
any  })erson  or  persons  become  the  purchaser  of  the  same, 
})y  competition,  and  being  the  highest  bidder,  either  by 
being  the  single  bidder,  or  increasing  upon  the  biddings 
made  by  others,  or  decreasing  on  sums  named  by  the 
Auctioneer,  or  person  acting  as  Auctioneer,  or  other  per- 
6i)ii,  at  such  sale,  by  any  other  mode  of  sale,  by  competi- 
JJ^^LiSd'^  ^^'^^^      recjuired  to  take  out  the  license.    The  license 
'f""^'    should  be  renewed  annually,  ten  days  at  least,  before  the 
expiration  thereof,  on  the  5th  day  of  July,  in  each  year. 
Every  Auctioneer  having  had  sudi  license,  who  continues 
to  carry  on  the  business  of  an  Auctioneer  in  the  year  next 
ensuing  the  expiration  thereof,  and  omits  to  renew  his 
license  as  aforesaid,  and  every  person  who  carries  on  the 
idSh^Lt.  business  of  an  Auctioneer  as  aforesaid,  without  taking 
SJoSf****"  out  such  license,  forfeits  ^100. 

^oI^oDs        Persons  sellinff  oroods  or  chattels  by  auction  under  a 

exempt  from    ^  »  , 

LicenM.  distrcss,  for  non-payment  of  rent  or  tithes,  to  a  less  amount 
than  £20j  or  under  the  authority  of  any  act  or  acts  of  par^ 
liament,  in  force  on  8th  May,  1845,  in  which  an  exemption 
is  given  to  the  ofiSoer  of  a  court  to  sell  effects  seized  under, 
the  process  of  the  court,  by  auction,  without  taking  out  or 
having  any  license  as  an  Auctioneer,  if  the  sum  for  which 
the  process  is  enforced,  is  under  £20,  need  not  be  licensed 
as  Auctioneers. 

Avetimeer       A  licensed  Auctioneer  may  sell  any  description  of  goods 
Uadof^itk  without  havlnf:^  an  excise  hcense  to  authorise  him  to  sell 
such  goods  by  retail;  and  may  sell  by  auction  gold  and 
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silver  plate,  patent  medicines,  and  other  artioleSy  without  a 
special  license  for  the  sale  of  such  thinirs. 

The  Auctioneer  before  beginning  the  auction  must  affix  or  Hj^e^y^to 
suspend,  or  cause  to  be  affixed  or  suspended,  a  ticket  or 
board  containing  his  true  and  full  christian  and  surname,  and 
residence,  painted,  printed,  or  written  in  large  letters,  pub- 
licly visible  or  legible  In  some  conspicuous^  part  of  the 
room  or  place  where  the  auction  is  held,  so  that  all  persons 
may  easily  read  the  same,  and  must  keep  such  ticket  or 
board  so  affixed  or  suspended  during  the  whole  time  of 
such  auction  being  held,  under  a  penalty  of  £20. 

The  Auctioneer  mu&t  at  the  time  of  any  sale  by  auction  JJ^^Jj^ 
on  demand  of  any  officer  of  ex<ase,  customs,  stamps,  or  IJJJg*' 
taxes,  produce  and  show  to  such  officer  a  proper  license  <  lo. 
granted  under  the  act  and  then  in  force,  or  deposit  with  the 
officer  £10.  If  he  fidls,  he  may  be  arrested  and  detained 
by  any  officer  of  the  peace.  Any  officer  of  the  peace,  at 
the  request  of  the  excise  officer,  &c.,  may  at  the  termina^ 
tion  of  the  sale,  or  sooner,  if  conyenient,  arrest  and  convey 
the  person  acting  as  Auctioneer,  before  a  Justice  of  the 
Peace,  of  the  county,  or  place,  where  the  sale  has  been 
held,  and  the  Justice  may  examine  into  the  fact  or  fiwits 
charged,  and  upon  proof  either  by  confeeabn  of  the  party 
ofiending,  or  by  the  oath  of  one  or  more  credible  witneas 
or  witnesses,  (which  oath  the  Justice  is  empowered  to  ad- 
minister), that  the  person  brought  before  him  did  act  as 
an  Auctioneer  as  aforesaid,  and  did  not  produce  such  license, 
or  deposit  such  sum  of  money,  may  by  warrant  made  under 
his  hand  commit  the  offender  to  the  conmkon  goal  or  house 
of  correction,  for  the  county  or  place  where  the  sale  has 
been  held,  for  any  time  not  exceeding  one  calendar  month 
from  the  day  of  the  commitment.  Neither  the  imprison- 
ment nor  the  deposit  prejudices  or  affects  any  proceedings 
afterwards  instituted  for  the  rccoyery  of  the  penalty  in- 
curred for  acting  as  an  Auctioneer,  without  the  license  by 
the  act  directed.  If  the  Auctioneer  deposits  the  £10, 
and  before  the  expiration  of  a  week  from  the  date  of  the 
sale  produces  to  the  officer  a  proper  license  to  him  granted 
and  in  force  before  and  at  such  sale,  the  officer  must  imme- 
diately repay  the  deposit;  otherwise,  he  must,  at  the  expi- 
ration of  the  week,  account  for  it  to  the  Commissioners  of 
Inland  Hevenue,  or  such  persons  as  they  may  appoint  to 
receive  it. 
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Each  Fnrtntt    If  peTsoiu  cKoj  Oil  the  bosmeas  of  Auctioneere  in  part- 

roust  Imj  *  •  A 

uuxaaai.    nenhip^  each  partner  must  take  oat  a  separate  license. 

(6  Geo  4,  a  81,  s.  7.) 
d£tol£l    With  respect  to  tlie  duty  of  an  Auctioneer,  lie  should, 
j^noaTO  i)efQ(re  the  sale,  take  all  proper  and  usual  precautions  hy 

advertising,  &c.,  to  make  the  sale  as  productiye  as  posnble 

to  his  client. 

S^fe^^  a  !!!'  If  He  takes  upon  himself  to  firame  the  conditions  of  sale, 
which,  if  a  solicitor  is  employed,  are  usually  drawn  out 
by  him,  he  should  insert  all  usual  and  proper  conditions 
which  the  subject  of  sale  requires.  If,  in  consequence  of 

his  omission  to  insert  proper  and  usual  conditions,  the  sale 
proves  ineffectual,  he  is  not  entitled  to  recover  anything 
from  his  employer  for  his  services.  Duncwwas  emplnycfl 
by  Davcrell  to  sell  a  leasehold  estate ;  he  omitted  to  insert 
in  the  partir  iJars  of  sale  a  condition  that  the  purchaser 
should  not  inquire  into  the  lessor's  title.  The  purchaser, 
as  he  was  eiitltled  to  do  in  the  absence  of  express  stipula- 
tion tu  that  effect,  called  for  the  lessor's  title,  which  Da- 
vcrell  being  unable  to  furnish,  conlfl  not  make  out  hi^  title. 
An  action  having  been  brought  by  i>tinew  for  the  money 
which  he  su])p()sed  to  be  due  to  him  for  endeavouring  to 
sell  the  property.  Lord  EUenborough  held  that  he  wns 
entitled  to  recover  no  compensation  for  his  services  be- 
cause they  had  been  found  to  be  wholly  abortive  by 
reason  of  his  own  neglect.  (Dunew  v,  Daverell,  3 
Campb.  451.) 

^Mrijjjtt  He  should  describe  the  property  to  be  sold  correctly  in 
jM^^n*-  the  particulars.  Any  material  misdescription  will  render 
mm^w  the  sale  yddable  by  the  purchaser,  as  if  a  house  is  de- 
Tou.  scribed  to  be  a  free  public-house,  when  the  lease  contains 
a  covenant  binding  the  tenant  to  take  beer  of  a  particular 
brewer.  (Jones  v,  Edney,  3  Campb.,  294.)  So  if  aright 
of  way  is  omitted  or  misdescribed  in  the  particulars  and 
plan,  (Dykes  v.  Blake,  4  Bing,  Q.C.,  463,)  or  if  an  objec- 
tionable projection  is  omitted,  (Fopev.  Garland,  4  VSc  Z,, 
403.)  Any  extraordinary  condition  to  which  the  property 
is  subject,  should  be  described.  An  annuity  payable  out 
of  the  tolls  of  Waterloo-bridge  was  put  up  for  sale,  but 
was  not  described  as  redeemable,  which  it  was,  the  pur- 
chaser was  allowed  to  repudiate  his  contract.  (Coverley 
V.  Burrell,  Sngden  on  Vend.,  211.)  On  a  sale  of  lease- 
hold property,  it  was  omitted  to  be  mentioned  that  an  Act 
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of  Parliament  empowered  a  company  to  purchase  it,  the 
result  was  the  same.  So  on  the  sale  of  a  wood,  an  iiioor> 
rect  description  of  the  average  size  of  the  trees  preyented 
the  seller  from  enforcing  the  contract.  (Lord  Brooke^  t. 
Bownthwaite,  6  Haxe,  298.) 

Even  if  there  is  a  condition  that  misdescriptions  shall 
not  annul  the  sale,  but  that  compensation  sludl  be  given  l^^f^l'^^ 
for  the  difierence  in  valne,  it  will  not  apply  to  a  fraudulent  ^^i^' 

,  '  **  Q'H's  not  ap- 

misstatement  or  a  misdescription,  so  far  affecting  the  suV  2^*^'^™"*- 
ject  matter  of  the  contract,  that  it  maj  be  reasonably  sup-«M«cmnt^ 
posed  that  but  for  such  misdescription  the  purchaser  might 
never  have  entered  into  the  contract.  (Flight  o.  Booth, 
1  Bing,  Q.  C,  377.)  Thus,  where  before  the  reform  in 
parliament  an  estate  was  described  as  rituate  about  one 
mile  from  Horsham,  (a  parliamentary  borough,)  when  it 
was  between  three  and  four  miles  from  that  place,  the  error 
was  held  &tal.  (Duke  of  Norfolk  v.  Korthy,  1  Campb., 
337.)  And  so  where  a  lease  at  a  rack  rent  was  described 
as  held  at  aground  rent.  (Stewart  v.  Alllston,  1  Mer.,  26.) 
So  where  a  house  which  was  built  partly  of  brick  and  partly 
of  timber— parts  of  the  exterior  of  which  were  built  of  only 
lath  and  plaster,  and  had  no  party  wall,  was  described  as 
a  brick-built  dwelling-house.  (Powell  v,  Double,  Sugden 
21.)  So  where  the  particulars  described  a  house  as  No.  4 
instead  of  No.  2,  although  the  name  of  the  occupier  was 
correctly  stated,  and  the  houses  No.  2  and  4  were  of  the 
same  description,  and  the  latter  was  rather  in  better  repair 
than  the  former,  the  purchaser  was  not  bound.  (Leach  v. 
Mullett,  3  C.  &  P.,  115.)  So  where  a  house  was  held 
under  a  lease,  and  a  small  yard,  which  was  an  essential 
part  thereof,  was  held  under  a  yearly  tenancy,  and  the 
particulars  omitted  to  notice  the  difference  of  tenure. 
(Dobell  V.  TTutchinson,  3  Ad.  &  E.,  :3.'j5.) 

If  the  purchaser  is  to  take  timber  or  fixtures  at  a  valua-  rt  Tmibrr,or 
tion  it  should  be  so  expressed  in  the  particulars  or  condi- to  i.etnkea 

./>  1  -ii    1  '11  xT_  [<  1  '     at  Valuation, 

tions  ;  ir  not,  he  will  be  entitled  to  them  as  part  oi  his  the  rartica, 
purcha.se  without  additional  payment.     (lligginson   v.  suteu. 
Clowes,  15  Ves.  junr.,  516;  Colegrave  v,  Dias  Santos,  2 
P.  &  C,  76.) 

In  the  case  of  goods,  which  the  purchaser  stec  at  the  ^^Jj^Jf^^, 
time  of  bidJiui!:  for  them,  and  buvs  from  iiibi»ectiou,  a  mis-  bo^*ttobi. 
description  is  not  fatal  to  the  contract,  but  it  may  in  some  n<AA««i. 
cases  be  considered  as  amounting  to  a  warranty  that  the 
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goods  are  of  the  description  specified ;  if  they  are  not, 
the  ancdoneer  may  be  liable  to  an  action  ibr  breach  of 
warranty. 

lubTfor  ^      nature  of  the  snbjeet  of  sale  the  descrip- 

^isSoutof  ti<>J*<»ii  ^  fiwrly  considered  as  matter  of  opinion,  a 
^'^ofiiiaol'''  mistake  theie  bong  no  fraud,  does  not  render  the  auctioneer 
liable.  Thus,  on  a  sale  of  pictures  by  auction,  one  was 
described  in  the  catalogue  as  bj  Claude  Loiaine,  and  ano- 
ther by  Teniers,  Lord  Kenyon  held  that  the  description 
was  a  mere  statement  of  the  seller^s  opinion,  and  not  bind-> 
ing.  (Lendwine  v»  Slade,  2  Esp.  572.)  A  different  de- 
cision was  arrived  at  by  a  jury,  where  some  pictures  were 
described  in  an  invcnoe  as  the  work  of  Canaletti.  The 
court  refused  to  disturb  the  verdict,  remarking  that  he  was 
a  very  old  painter,  (he  died  in  1798,)  and  that  ifc  was  for 
the  jury  to  say,  under  all  the  circumstances,  whether  the 
w<»ds  in  the  invoice  implied  a  warranty  of  genuineness,  or 
conveyed  ooly  a  description  or  an  e:q>ression  of  opinion. 
Littledale,  J.,  observed,  that  all  the  auctioneers  in  London 
would  be  alarmed  if  they  thought  that  words  such  as  those 
used  were  to  be  understood  as  a  warranty.  (Power  v. 
Barham,  4  A.  &  E.,  470.) 
Pjjogrt  It  is  illegal  to  employ  puffers,  or  even  one  person 
to  screw  up  the  price,  unless  the  fact  is  publicly  advert 
tised  and  known.  Such  conduct  is  a  fraud  upon  the  bid- 
ders, and  inconaistent  with  the  usual  condition  that  the 
highest  bidder  sliall  be  piirchaaer  ;  but  it  seems  to  be  the 
better  opinion  that  one  bidder  may  be  employed  to  pre- 
vent the  property  from  being  sold  at  an  under-value. 
(Sugden  on  Vendors,  8.> 
statute  of        As  the  Statute  of  Frauds,  29  Car.  2,  c.  3,  extends  to 

Iteuds  ex-  ... 

tembtoSaies  gales  by  miction,  it  is  neccssary  for  the  auctioneer  to  attend 

Of  AUOtUML  * 

to  Its  provjeions. 

g^ntract  of  The  4th  section  enacts  '^That  no  action  shall  be  })rouo:ht 
Agreement,  whcrebv  to  charffe  any  person  upon  any  contract  or  ^ale  of 

must  be  in  i     'i      .  ,  t 

Wi-itiag.  any  la-udtj,  tenements,  or  hereditaments,  or  any  interest  m 
or  concerning  tlicm,  unless  the  agreement  upon  which  such 
action  shall  be  brought,  or  sonie  memorandum  or  note 
thereof  shall  be  in  writing,  and  signed  by  the  party  to  be 
charged  therewith,  or  seme  other  person  thereunto  by  him 
lawfully  authorified." 

omMiimr«i  section  is,  «  Tliat  no  contract  for  the  sale  of 

any  goods,  wares,  or  merchandize  ibr  the  price  of  ^10  ster- 
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ling,  or  upwaids^  shall  be  allowecl  to  be  good^  except  the 
btijer  shall  aoeept  part  of  the  goods  so  sold,  and  actually 
receive  the  same,  or  giye  something  in  earnest  to  bind  the 
bargain  j  or  in  part  of  payment,  or  that  some  note  or  memo- 
random  of  the  said  bargain  be  made  and  signed  by  the 
parties  to  be  charged  by  such  contract,  or  their  agents^ 
th^onto  lawfully  authorised." 

On  a  sale  of  lands  by  auction,  there  imist  be  a  wnting  Jjjj^ 
signed  by  the  party  to  be  charged,  specifying  the  names  of 
the  vendor  and  purchaser^  ^nd  all  the  particulars  and  con- 
ditions of  the  contract. 

On  a  sale  of  goods  of  the  price  of  £10  or  upwards,  there 
must  cither  be  such  a  writing,  or  a  part  payment,  or  ear- 
nest, or  acceptance  of  the  goodsj  or  part  of  them. 

The  auctioneer  is  in  most  cases  considered  to  be  ajjent  Aufttone^ 
of  both  parties  to  sign  the  contract.  His  employment  by 
the  vendor  to  sell  gives  him  authority  to  sign  for  him^  and 
the  piirchaser  by  bidding  confers  on  him  an  authority  to 
sign  for  him,  unless  he  otherwise  expresses  himself.  (Ken- 
worthy  V.  Schofield,  2  B.  &  R.,  945  ;  Bartlett  v.  Parnell, 
4  A.  ife  R.,  792.)  So  that  if  he  signs  a  sufficient  memo- 
randum in  writing,  either  party  may  enforce  the  contract 
against  the  other.  But  the  signature  of  the  auctioneer 
will  not  make  him  to  sue  the  purchaser  on  the  contract, 
because  if  he  appears  as  principal  he  is  not  allowed  to  say 
that  he  was  the  agent  of  the  other  party.  (Faiebro- 
ther  V.  Simmons,  5  B.  &  Aid.  333.) 

The  auctioneer's  derk  is  the  agent  of  the  purchaser,  to  Auetioa«ef'» 
sign  the  contract,  if  he  signs  it  in  his  presence  without  ob-  ifarpqi^MMr 
jection.    The  auctioneer  may  sue  on  a  contract  so  signed. 
(Bird  V,  Boulter,  4  B.  &  Ad.,  443.) 

On  a  sale  by  auction,  the  sale  of  each  lot  is  a  distinct  ^^^^^^""^^ 
contract,  and  therefore  in  the  case  of  goods,  if  the  price  of 
each  lot  is  under  £10,  the  Statute  of  Frauds  does  not  apply. 
And  the  acceptance  of  or  part  payment  on  one  lot  does  not 
establish  the  contract  as  to  the  other.  (Boots  «.  Lord 
Dormer,  4  B.  &  Ad.  77.) 

Nice  questions  sometimes  arise  as  to  what  amounts  Aeoeptanca 
to  an  acceptance  of  goods  within  the  statute.   Some  ear-  \vha? 
nngs  were  put  up  to  auction  upon  a  condition  that  the 
purchaser  should  pay  a  depomt  of  30  per  cent.  Bristolli 
was  the  highest  bidder,  at  88  guineas ;  the  ear-rings  were 
thereupon  handed  to  him,  and  he  received  them  without 
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objection;  after  they  had  been  in  his  hands  three  or  four 
minutes  he  letumed  them  to  the  auctioneer,  saying,  that 
he  had  been  mistaken  as  to  the  price  at  which  they  had 
been  knocked  down.  The  auctioneer  refused  to  receiTO 
them :  he  did  not  pay  the  depodt.  Lord  Tenterden  at  the 
trial  ruled,  that  there  had  been  an  acceptance.  The  court 
granted  a  new  trial,  remarking  that  it  was  improbable  that 
the  auctioneer  intended  to  part  with  tiie  property  before 
payment  of  the  depodt,  and  that  there  was  very  slight  evi- 
dence of  acceptance,  which  was  a  question  for  the  jury. 
(PhiUips  V.  Bristolli,2  B.  k  d,  91L) 
holdfdc?08it  *  deposit  is  paid  to  the  auctioneer,  be  holds  it  as 
ZS^^'  A  stakeholder  between  the  parties,  and  is  bound  to  pay  to 
the  vendor  immediately  the  contract  is  completed,  or  to 
the  purchaser,  if  the  purchase  goes  off,  immediately  the 
vendor  has  made  default.  As  he  may  be  called  upon  to  pay 
the  deposit  at  any  moment,  he  is  not  liable  for  interest,  nl- 
though  he  may  have  invested  the  money  and  made  interest 
thereby,  (Harrington  v.  Hoggart,  1  B.  &  Ad.,  577,) 
nor  is  he  liable  to  any  expenses  which  the  purchaser  has 
been  put  to.  But  if  he  has  put  up  the  property  for  sale 
without  authority,  he  is  liable  both  to  interest  and  ex- 
penses. (Noratt  V,  Ellis,  Sugden,  30.")  He  is  not  entitled 
to  any  notice  of  the  purchase  being  <  *  inpletcd  or  going  off, 
but  must  inform  himself  of  the  circumstances,  and  pay 
over  to  the  party  entitled  at  his  peril.  TTe  impliedly  un- 
dertakes to  do  so  when  he  receives  the  deposit,  (Duncan 
u.  Cafe,  2  M.  &  W.,  244.) 
If  fMkdoraa  If  the  vendor  is  not  ready  to  perform  his  contract  at  the 
ojjgj^  stipulated  time,  the  auctioneer  is  bound  at  law  to  return 
mnrtntuin  the  deposit  to  the  purchaser ;  and  this,  although  the  pur- 
ttM^w*  chaser  is  not  preptured,  and  although  if  the  case  is  within 
the  Statute  of  Frauds,  negotiations  and  steps  towards  com- 
pletion have  been  taken  after  the  time,  unless  the  time  has 
been  enlarged  by  an  agreement,  signed  by  the  purchaser 
or  his  agent.  (Stowell  v,  Robinson,  3  Bing,  N.  C,  928 ; 
Clarke  v.  King,  By.  &  Mood,  394.)  He  may  not  be  so 
bound  if  proceedings  in  equity  have  been  taken  by  either 
party.  If  sued  for  the  deposit,  the  auctioneer  has  no  right 
to  compel  the  vendor  and  purchaser  to  interplead.  He  can- 
not be  relieved  firom  the  performance  of  his  contract  which 
is  to  pay  the  deposit  to  the  party  entitied.  (Deller  v, 
Prickett,  15  Ins.,  168.) 
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•  An  auctioneer  being  employed  to  sell  aud  obtain  the  Auctioneer 
best  price  from  a  third  person  cannot  purchase  the  pro-  chjwehto- 
perty  himself   (Esp.  Hughes,  6  Ves.,  617.) 

As  he  has  an  interest  in  the  contract  of  sale  for  his 
commission,  he  may  sue  on  the  contract  in  his  own  name.  ^^''*'*^* 
(Williams  o.  MilHngtou,  1  H.  Br.  81.) 

He  is  also  personally  liable  as  principal  to  the  purchaser  bibuetf 
if  he  does  not  disclose  the  name  of  his  principaL  (Hanson  dSdMetS 
V.  Eoberdraw,  Peake,  120.)  JK^l*^ 

If  he  bona  £de  sells  goods  which  he  has  no  right  to  itnotiiiue 
sell,  he  is  not  liable  to  the  purchaser,  as  upon  a  ssJe  by  i^^SS^f 
auction  or  other  sale  of  goods  there  is  no  warranty  of  the  SMt^SUt 
title  to  the  goods  sold.   (Morley  v,  Attenborongh,  3  £x., 
500.)   But  he  is  liable  to  the  real  owner  of  the  goods. 

Although  he  is  employed  by  the  owner  of  premises  a*  to  mUdb 
to  sell  on  them,  he  has  no  right  to  remain  on  the  premises  Sk!!'^' 
if  the  owner  revokes  his  authority  and  requires  him  to  quit 
eyen  though  his  renuuning  there  is  necessary  to  complete 
bis  contract  with  the  purchasers  of  the  goods.  He  must 
quit  the  premises  directly  he  is  requested  by  the  owner, 
and  if  he  sustains  any  diunage  in  consequence^  must  sue 
the  owner.    (Taplin  v.  Florence,  15  Ins.,  402.) 

An  auctioneer,  as  well  as  every  oth^  agont,  ^^^^^^^^ 
he  has  performed  the  stipulated  service,  is  entitled  to  the 


remuneration  agreed  to  be  paid  him,  or  if  there  is  no  ex-  t^iS^ 

press  agreement  to  the  customary  remuneration.  And  if 
thorp  is  an  agreement  as  to  the  rate  of  payment,  it  will  be 
construed  with  reference  to  the  custom  of  the  business,  if 
such  custom  be  so  notorious  as  to  render  it  probable  that 

the  employer  knew  of  it. 

It  is  the  custom  of  auctioneers  employed  to  sell  estates  EnUtiedto 

•       t-        i.  11"  1    .    1     t  CommiMion, 

to  Chun  their  commission  upon  a  sale  bemg  completed,  al-  aithopgh  the 
though  sale  has  not  been  effected  by  them,  and  this  eflfectedbf 
custom  baa  been  eonriidered  to  be  incorporated  into  agree- 
ments with  their  employers,  if  not  expressly  excluded. 
In  Driver  v.  Cholmondeley  (9  C.  &  P.,  559)  tried  before 
Lord  Denman  and  a  special  jury,  in  1835,  the  plaintiffs 
claimed  a  commission  of  1  per  cent,  on  X  12:8,500,  the  price 
of  an  estate  which  one  of  tiie  defendants  had  sold  by  pri- 
vate contract  after  the  plaintiffs  had  been  employed  to  sell 
it  under  an  agreement,  by  which  they  were  to  have  1  per 
cent,  on  the  purchase-money  ;  the  defendants  contended 
that  as  the  plaintiff  had  not  effected  the  sale,  they  were 
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not  entitled  to  the  oonuDiaaioii,  but  the  jurj  gave  them  a 
▼erdiot  In  Earner  v.  Yernon,  (9  O.  &  P.5  599,)  the 
plaintiff  was  employed  to  sell  ground  rents  by  auction,  on 
the  terme  of  receiving  a  commission  of  I  per  cent,  on  sale. 
After  he  had  advertised  the  property,  the  defendants  sold 
it  by  private  contract.  -Mr.  Winstanley  proved  the  cus- 
tom to  be  that  if  an  auctioneer  is  employed,  and  a  sale  ad- 
vertised, and  before  sale  the  property  is  sold  by  the  owner 
himself,  the  auctioneer  is  to  be  paid  his  commission.  If 
the  particulars  arc  prepared  before  the  era})loyment  of  the 
auctioneer  it  makes  no  difference.  If  the  auctioneer  insorts 
advertisements  and  calls  the  attention  of  the  public  to  the 
property,  and  brings  forward  a  person  who  eventually  be- 
comes the  purchaser,  he  is  always  paid  his  commission. 
Mr.  Shuttleworth  confirmed  Mr.  Winstanlcy.  Mr.  Hoggart 
said,  the  usage  is  for  the  auctioneer  to  receive  his  commis- 
sion after  he  is  employed,  however  the  property  may  be 
sold.  The  amount  of  commission  does  not  depend  upon 
whether  the  auctioneer  does  much  or  little.  Lord Denman 
directed  the  jury  that  if  they  thought  that  a  usage  eo  no- 
torious that  iJie  defendants  must  have  known  itj  had  been 
proved,  it  was  part  of  the  contract  But  if  the  custom  was 
not  so  notorious,  it  was  not  engrafted  on  the  contract,  and 
the  fiur  yalue  of  the  plaintiff's  services  only  ought  to  he 
given.  The  verdict  was  for  the  amount  of  tiie  commission* 
(See  Malthy  v.  Christie,  1  Esp.,  340,  and  see  Iiawrence,  3, 
in  Tomkins  0.  White,  3,  Smith,  440.) 

In  Murray  o.  Currie,  (7  C  &  P.,  584,)  it  was  proved 
to  be  the  custom  of  land-agents,  that  where  several  were 
employed  to  sell  an  estate,  the  agent  who  found  a  pur- 
chaser was  entitled  to  a  commisdon  of  2  percent,  whether 
he  did  anything  more  towards  the  completion  of  the  pur- 
chase or  not.  It  appeared  that  the  purchaser  was  first 
informed  that  the  estate  was  in  the  market  by  the  plaintiff, 
but  he  negofaated  the  terms  of  the  purchase  through  the 
agent  employed  by  the  defendant.  Lord  Denman  left  it 
to  the  jury  to  say  whether  the  plaintiff  had  found  the  pur- 
chaser, in  which  case  he  said  they  were  to  find  for  him, 
otherwise  not;  but  he  told  them  that  they  were  not  bound 
to  give  him  all  the  commission  that  he  claimed.  They 
found  for  the  pkintiff  for  part  of  the  commission  clumed. 
Uhj  gprM-  If  by  the  terms  of  the  agreement,  commission  is  to  he 
niadoi  i«  to  paid  ou  the  sum  obtained,  nothins  is  due  until  the  contract 
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is  completed,  and  the  purchase -money  paid  to  the  vendor,  antneram 

(Bull  V.  Price,  7  Bing.,  237.)   On  a  necrotiation  for  an  ex-  nSSJlt 

Cnano-e  or  Imns^s  the  employer  ajrreed  to  pay  the  uirent  his  Contract b 
■    ■        T  1  X   '  X  r^i  1  completed, 

COmiri  1.-1  III  wlu  n  the  abstract oi  the  conveyance  was  drawn  Mdmoticy 

out.  The  court  held  that  he  was  not  entitled  to  be  paid 
when  an  abstract  of  title  on  one  side  only  had  been  de- 
livcred,  no  abstract  having  been  delivered  by  the  other 
party.  (Alder  v.  Boyle,  4  C.  B.,  635.)  But  If  the  em- 
ployer, having  the  opportunity  to  complete  the  contract, 
wilfuDy  refuaeb  to  do  so,  the  agent  is  entitled  to  his  com- 
mission. (Horford  V.  Wilson,  1  Taunt.,  12  W.  Xindal, 
C.  J.;  Bull  V.  Price,  7  Bing.,  241.) 

By  agreement,  an  auctioneer  was  to  have  a  commission 
of  1  per  cent,  if  the  estate  was  sold  by  auction,  or  within 
two  months  afterwards,  or  per  cent,  if  it  was  not  sold 
within  two  months.  The  estate  was  not  sold  by  aucdon, 
bat  was  sold  more  than  two  Imiar  months,  but  within  two 
calendar  months,  afterwards.  The  court  held  that  it  was 
not  a  mercantile  contract,  in  which  the  term  month  always 
means  a  calendar  month,  and  that  prima  facie  month  meant 
lunar  month,  but  that  it  was  for  a  jury  to  say  whether 
there  was  any  usage  of  trade  for  month  in  such  cases  to 
mean  calendar  month.  (Simpson  v,  Maigisson,  1 1  Q.B.,  23.) 


Condiiiom  of  Sak — On  ike  Sak  of  MreeiuM  Frop^iy. 

1.  That  the  highest  bidder  shall  be  the  buyer:  and  if 
any  dispute  arise  as  to  the  last  or  best  bidder,  the  lot  in 
dispute  shall  be  put  up  at  a  former  bidding. 

2.  That  no  person  shall  advance  less  at  any  bidding 
than  St          or  retract  his  or  her  blading. 

3.  That  every  purchaser  shall  immediately  pay  dovsm  a 

deposit,  in  the  proportion  of  £  for  every  £100,  of  his 

or  her  purchase-money  into  the  handt.  <>{'  the  Auctioneer, 
and  sign  an  agreement  for  payment      tlie  remainder  to 

the  proprietor,  on  the  day  of  next, 

at  ,  at  which  time  and  place  the  purchases 

arc  to  be  completed,  and  the  respective  purchasers  are 
then  to  liave  the  actual  possession  of  their  respective  lots; 
all  outgoings  to  that  time  being  cleared  by  the  vendor, 

4.  That  within  — ^— — — — ^  from  the  day  of 
the  sale,  the  vendor  shall  at  his  own  expense,  prepare 

2z 
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and  deHver  an  abstmct  of  his  title  to  each  puichaser,  or 
his  or  her  solicitor;  and  ahaU  deduce  a  good  title  to  the 

lots  sold,  oommenciiig  with  a  deed  beariiig  date  the  

day  of  ^  A.D.  ,  and  that  no  earlier  title 

shall  be  enqured  into  or  required. 

5.  That  if  &om  any  cause  the  purchase  shall  not  be 
completed  at  the  time  mentioned  in  the  2nd  condition, 
the  pnrduuwr  shall  pay  interest  on  hia  pmtsfaase  money  at 
the  rate  of  5  per  cent.,  per  annum,  in  addition  thereto. 

6.  That  the  purchaser  of  each  lot  shall  pay  for  all 
tenant's  fixtures  and  tunber  on  his  lot,  at  a  Tahiation  to 
be  made  by  two  i^uers  or  th^  umpire,  one  -valuer  to 
be  named  by  the  vendor  and  one  by  the  purchaser,  within 
—  days  after  the  sale,  and  if  either  party  shall  neglect 
to  appcnnt  a  Taluer,  the  valuation  shall  be  made  by  the 
valuer  appointed  by  the  other,  and  shall  be  final.  That  the 
amount  of  sach  valuation  shall  be  paid  at  the  time  and 
place  mentioned  in  the  2nd  condition  in  addition  to  the 
purchase-money,  or  in  default  of  payment,  interest  shall 
be  paid  thereon  according  to  the  5  th  condition. 

7.  That  upon  payment  of  the  remainder  of  the  pur- 
chase-money, the  amount  of  the  valuation  and  interest 
as  aforesaid,  the  vendor  shall  convey  the  lots  to  the 
respective  purchasers:  each  purchaser,  at  his  or  her  own 
expense,  to  prepare  the  conveyance  to  him  or  lier,  and  to 
tender  or  leave  the  same  at  — ^—  for  execution  by 
the  vendor. 

8.  That  if  any  of  the  purchasers  shall  neglect  or  fail 
to  comply  with  the  above  conditions,  his  or  her  deposit- 
money  shall  be  actually  forfeited  to  the  vendor,  who  shall 
be  at  full  liberty  to  re-sell  the  lot  or  lots,  bought  by  him 
or  her,  dther  by  public  auction  or  private  contract,  and 
the  deficient^  (if  any)  occaaoned  by  such  second  sale, 
shall  immediately  after  the  same  sale,  be  made  good  to 
the  vendor  by  the  de&ulter  at  this  present  sale:  and  in 
case  of  the  non-payment  of  the  same,  the  whole  thereof 
shall  be  recoverable  by  the  vendor,  as  liquidated  damages^ 
and  it  shall  not  be  necessary  to  previously  tender  a  con- 
veyance to  the  purchaser. 

Lastly.  That  if  any  mistake  be  made  in  the  descrip- 
tion of  the  premises,  or  any  other  error  whatever,  shall 
appear  in  the  particulars  of  the  estate,  su^  mistake  or 
error  shall  not  annul  the  sale,  but  a  compensatiion  or  equi- 
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Talent  shall  be  ffvem.  or  taken  as  the  case  may  require. 
Such  compensation  or  equivalent  to  be  settled  hj  two 
referees^  or  their  umpire;  each  party  within  ten  days  after 

the  discoveiy  of  the  error,  and  notice  thereof  given  to 
the  other  party,  to  appoint  one  referee  by  writing ;  and  in 
case  either  pnrty  shall  neglect  to  nominate  a  referee 
within  the  time  appointed,  the  referee  of  the  other  party 
alone  may  make  a  final  decisioTi.  Tf  two  r-  fcrees  are  ap- 
pointed, they  are  to  nominate  an  umpire  Ijeture  they  enter 
upon  business,  and  the  decision  of  such  referees  or  umpire 
(as  the  case  may  be)  shall  be  final. 

OondUums  to  he  inserted  where  the  title  deeds  cannot  be 

ddk/ered  up. 

That  as  the  title  deeds  wbich  oonoem  this  estate  relate 
to  other  estates  of  greater  valne>  the  vendor  shall  retain 

the  same  in  Ms  cnstody,  and  enter  into  the  nsnal  cove- 
nants (to  be  prepared  by  his  solicitor  and  at  his  ex- 
pense) for  the  production  of  them  to  the  respectiyc  pur- 
chasers; but  all  attested  copies  which  may  be  required 
of  such  deeds  shall  be  had  and  made  at  the  expense  of  the 
person  requiring  the  same. 

Where  on  estate  is  intmded  to  be  sold  i»  lots^  and  the  tUk 
deeds  are  to  be  deUoered  up,  the  foUowing  condition  may  be 
inserted: 

That  as  the  aforesaid  lots  are  holden  under  the  same 
title^  the  purchaser  of  the  greater  part  in  value  of  the  ^id 

estate  shall  have  the  custody  of  the  title-deeds,  upon  his 
entering  into  the  usual  covenants  for  the  production  tlicroof 
to  the  purchaser  or  purchasers  of  the  remaining  or  otiier 
lots:  if  the  largest  portion  in  value  of  the  estate  shall 
remain  unsold,  the  seller  shall  be  entklod  to  retain  the 
deeds  upon  entering  into  such  coven: uit^  as  aforesaid;  all 
such  covenants  to  be  prepared  by  and  at  the  expense  of 
the  person  or  persons  requiring  the  same,  who  may  have 
attested  copies  of  such  deeds,  at  his,  her,  or  their  owii 
expense. 
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OimdUion  io  he  inserted  insiead  of  ike  fou/rU^if  ^property 

to  he  add  is  leasehold. 

That  within  from  the  day  of  sale,  the 

vendor  shall,  at  his  own  expense,  prepare  and  deliver  to 
the  purchaser,  or  hia  solicitor,  an  absLiact  of  his  title  to 
the  property  sold,  commencing  with  a  lease  bearing  date 

tiie  day  » A,D,  ;  but  he  shall  not 

be  required  to  produce  the  lessor^s  tiile>  nor  shall  anj  en- 
quiiy  be  made  into  the  leeaoi's  title. 

Agreement  to  he  shjned  by  the  purchaser  and  to  he  printed  or 
written  on  the  condUims  and  particulara, 

I  have  tliis  da.y  purchased  of  [name  of  vendorl  by  pnbhc 
auction,  lot  ^— —  mentioned  in  the  above-written 
particulars,  for  the  sum  of  £       » and  have  paid  into  the 

hands  of  the  sum  of  £  as  adepoeit  and 

in  part  payment  of  the  said  purchase-money;  and  I  do 

hereby  agree  to  pay  the  remaining  sum  of  £   unto 

 ^at  ,  on  or  before  the  day  of 

 ;  and  in  aU  other  respects,  on  my  part, 

to  fulfil  the  above-written  conditions  of  sale.  As  witness 
my  hand,  this  day  of  ,  185 — 

Purchase-money 

Deposit-money  £ 

Remainder  unpaid  £ 
Witness, 

QondiHons  of  Sale  o»  Sak  of  (jfoods, 

1.  That  the  highest  Udder  shall  be  the  buyer,  and  if 
any  dispute  shall  arise,  between  two  or  more  Udders,  the 
lot  shall  be  put  up  again  and  resold. 

2.  That  no  person  shall  advance  less  at  a  bidding  than 
 9  or  retract  his  bidding. 

3.  That  every  purchaser  shall  immediately  pay  to  the 

auctioneer  a  deposit,  at  tiie  rate  of  per  cent,  on  the 

amount  of  his  bidding  and  in  part  payment. 

4.  That  the  remainder  of  the  purchase-money  shall 

be  paid  and  each  lot  cleared  with  all  faults  at  the  

expense  within  — —  days  from  the  day  of  sale. 
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5»  That  DO  error  of  description  shall  annul  the  sale, 
nor  fihaU  any  allowance  be  made  for  such  error* 

6.  That  if  the  purchaser  shall  make  de&ult  either  in 
payment  of  reminder  of  the  purchase-money,  or  in  (bear- 
ing the  lot  or  lots  purchased  by  him,  according  to  the  aboye 
conditions^  his  deposit-money  and  all  his  right  and  interest 
in  the  goods  purchased  shall  be  forfeited,  and  the  lot  or 
lots  may  be  re-sold,  either  by  public  auction  or  private 
contract,  at  any  time  within  ,  and  if  any 

loss  shall  arise  on  such  re-sale,  the  party  so  in  defonlt 
shall  make  good  the  same. 


CHAPTEE  XXIII. 
LANDLOBD  AND  TENANT. 

S£CT.  L — Agreements  and  Leases, 

Lawyers 

1.  It  has  been  seen,  that  by  44  Qeo.  IIL,  o.  98,  none 
but  the  lawyers  therein  specified,  can  prepare  a  deed  for  N^^!Ua. 
gain,  fee,  or  reward,  but  that  any  person  not  a  lawyer,  maj  prepare 
may  prepare  an  agreement  not  under  seal 

By  the  conjoint  operation  of  the  Statute  of  Frauds^ 
(29  Car.  2^  c.  3,  s.  1  and  2,)  and  the  statute  8  &  9  Vict,  c  SS.^  ^ 
106,  8.  3,  all  leases  for  more  than  three  years  from  the 
making  thereof,  must  be  by  deed.  By  the  same  statute, 
the  assignment,  or  surrender  in  writing  of  a  decree,  must 
be  by  deed.  A  lease  for  three  years  or  less,  &om  the 
making  thereof,  need  not  be  by  deed.  An  agreement  for  a 
lease  for  any  tenuis  good  without  deed;  and  if  a  tenant  is 
let  into  poss^on  under  soGk  an  agreement,  he  is  at  first 
a  mere  tenant-at-will,  and  may  be  turned  out  upon  a 
demand  of  possession^  or  may  quit  without  notice.  If  he 
occupies  and  pays  rent  for  an  aliquot  portion  of  a  year 
under  such  agreement,  he  becomes  tenant  from  year  to 
year,  upon  the  temis  of  the  agreement,  and  can  only  quit 
or  be  expelled  from  possession,  by  giving  or  receiving  a 
half  year's  notice  to  quit,  expiring  at  the  period  of  his 
year  when  his  tenancy  (  jmmenced.  If  he  remains  in 
possession  during  the  whole  term  mentioned  in  the  agree- 
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ment  he  may  quit^  or  be  turned  out  withont  notice  to 
quit. 

?^S^£    An  agreement  for  a  lease  renders  the  party  who  neglects 
give^w  ttiw  ^  refdses  to  giro  or  take  a  lease  according  to  its  pro- 
iJ^tt  "^^^  liable  to  an  action  at  law  for  compensation  in 
damages  or  to  a  bill  in  equity  for  a  specific  performance. 
It  should  provide  that  the  intruding  lessees  shall  not  call 
for  the  lessor^s  title, 
is**"    Any  agreement  which  provides  for  the  tenant  haying 
possession  of  the  land  for  three  years  or  less  from  its 
date,  does  not  contemplate  another  instrument  being 
executed  before  possesion  is  given, is  alease,  and  must  be 
stamper!  as  such.  s.  d. 

^JJJJ    2.  The  stamp  upon  an  agreement  for  a  lease  ia   2  6 
Or  if  it  contains  2 160  words^  then  for  every  lOBO 
above  the  first  1080^  a  progressive  duty  of    .  .26 
stan^  voB  stamp  upon  a  lease  of  lands  at  a  yearly  rent 

without  premium  is — 

If  the  yearly  rent  does  not  exceed  £5 
If  it  exceeds  £5  and  not  £10 
10         „  15 


99  99 

15  „  20 

20  „  25 

99  25  „  60 

50  «  75 


99 


0  6 

1  0 

1  6 

2  0 

2  6 

6  0 

7  6 
XO  0 


■  75    .  100 
100  then  for  each  50  and  also  for 
every  fractional  part  of  50       .  .50 

Leases,  on  which  premiums  are  paid,  and  leases  of  mines 
on  which  Eroyalties  are  reserved,  are  subject  to  other 
duties^  for  which  see  the  Stamp  Act,  13  and  14  Vic,  c  97. 

There  is  a  progressive  duly  of  lOf.  for  eveiy  1080  words 
beyond  tiie  first  1080^  if  the  lease  contains  21 60  words  or 
upwards. 

If  the  duty  on  the  lease  is  5m,,  or  less^  the  duty  on  the 
counterpart  is  the  same  as  on  the  lease. 

But  if  the  duty  on  the  lease  exceeds  5a,,  the  counter- 
part may  be  stamped  with  a  6s,  stamp,  and  a  progresdve 
duty  of  2«.  6d  for  every  1080  wfluds  beyond  tiie  first 
1080,  if  it  contains  2160  words.  But  this  counterpart  must 
have  a  denoting  stamp,  and  can  only  be  so  stamped,  on 
production  of  both  instruments,  duly  executed  and  duly 
stamped. 
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3.  The  ordinaiy  tenancy  of  lands^  hoiuee,  &o*,  is  a 
tenancy  firom  year  to  year.   This  temmcy  is  implied  by  J^^^'*' 
law :  Ist^  where  lands^  &c.>  are  let  at  annual  zent,  and  it  is 

not  expressed  how  long  the  tenancy  is  to  last. 

2nd.  Where  a  tenant  holds  over,  after  the  expiration  of 
a  lease^  or  other  tenancy,  for  a  definite  term,  and  pays  rent 
for  a  year^  or  an  aliquot  part  of  a  year,  as  a  quarter. 

3rd.  Where  a  tenant  enters  into  possession  under  an 
agreement  to  porchase,  as  an  agreement  for  a  lease,  and 
pays  rent  in  like  manner. 

In  the  two  last  cases,  the  payment  and  acceptance  of 
rent  raises  an  inference  that  the  tenancy  is  to  last  for  a 
definite  period,  and  when  no  other  period  is  de£iied,  the 
presnmed  term  is  from  year  to  year. 

If  the  tenancy  is  for  a  year,  or  other  prescribed 
period,  the  tenant  is  bound  to  quit  at  the  end  of  the 
the  term,  without  notice  ;  but  if  the  tenancy  is  from  year 
to  year,  it  can  only  Ije  determined  by  a  notice  to  quit 
expiring  at  the  peri(jd  of  the  year  when  the  tenancy  com- 
menced, unless  it  ia  otherwise  expressed  in  the  agreement. 

If  a  tenant  hohls  as  tenant  from  year  to  year  under  an 
agreement  for  a  lease  for  a  certain  term  of  years,  his 
tenancy  may  be  determined  at  the  expiration  of  any  year 
dunng  the  term  by  a  six  months'  notice  to  quit ;  but  at  the 
end  of  the  term  mentioned  in  the  agreement,  he  is  bound 
to  quit  without  notice. 

K  tiie  tenaiiC}  is  for  a  year,  and  so  on  fcom  year  to  year 
so  long  as  the  parties  please,  it  is  a  tenancy  for  two  years 
at  the  least  (Doe  d.  Chadborn  v.  Green,  9  A.  R,  658; 
Beg.  V,  Chawton,  1  G.  B.,  247).  But  a  tenancy  from  year 
to  year  so  long  as  both  parties  please,  may  be  put  an  end 
to  at  the  end  of  the  first  year.  (Doe  d.  Clarke  v.  Smaridge, 
7  0.  B.,  957;  Doe  d.  Homer  v,  Mainby,  10  G.  B.,  473.) 

4.  In  agreements  for  leases,  the  term,  the  rent,  the  coyenantt  of 
times  of  payment,  and  all  the  covenants  upon  which  the  K^nt  for* 
tenant  is  to  hold,  should  be  mentioned.   It  should  also  be  ^ 
stated  at  whose  expense  the  lease  and  counterpart  k  to 

be  prepared,  and  that  the  intended  lessees  shall  not  enquire 
into  the  lessor's  title. 

5.  In  agreements  for  tenandes,  which  m  law  are  leases,  Otornui*«r 
the  latter  stipnlations  as  to  preparation  of  a  lease,  and  the 
landlord's  title,  are  unnecessary. 

6.  A  lease  should  specify  the  time  from  which  the  term 
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is  to  commenoe,  and  tlie  term  during  which  the  tenant  is  to 
hold  the  preniiees;  if  thia  is  mentioned,  the  tenant  is  bound 
to  quit  at  the  end  of  the  term  without  notice  to  quit. 

7.  The  rent  payable  and  the  times  of  payment.  If  an 
ammal  rent  is  reserved,  and  no  time  of  payment  mentioned, 
it  is  not  payable  until  the  end  of  the  year:  therefore,  if 
the  intention  is  that  the  rent  should  be  payable  quarterly 
or  half  yearly,  it  is  necessary  ezpreasly  to  mention  it. 

8.  The  property  tax,  land  tax,  and  sewers  rate  impost 
on  the  rent,  are  taxes  on  the  rent;  and  the  tenant  is  entitled 
to  deduct  80  mucli  of  such  taxes  as  are  rated  on  the  rent 
from  it.  But  i£  the  premises  are  rated  at  a  higher  Tslue 
than  tlie  rent,  he  cannot  deduct  the  whole  of  such  taxes. 
An  agreement  that  the  tenant  shall  pay  the  landlord's 
property  tax,  is  not  binding ;  but  it  is  lawful  for  the  tenant 
to  agree  to  pay  the  land  tax  an'1  <^ewers  rate.  The 
property  tax  and  land  tax  must  be  deducted  from  the  rent, 
which  is  paid  next  after  auch  taxes  have  been  paid.  If 
the  deduction  is  not  then  clairned,  the  landlord  is  not 
bound  to  allow  such  taxes  out  of  a  subsequent  arrear  of 
rent.  Other  taxes  and  rates,  such  as  the  house  tax  and 
parish  rates,  are  payable  by  the  tenant.  If  the  tenant  agrees 
to  pay  all  rates  and  taxes  or  to  pay  rent  cle;ir  of  ^ill  rates 
and  taxes  he  is  bound  to  pay  the  land  tax  and  sewers  rate. 

9.  There  i^hould  also  he  an  agreement  to  repair.  If  the 
agreement  to  repair  is  absolute,  the  tenant  is  found  to 
rebuild  if  the  premises  are  destroyed  by  fire  or  other  acci- 
dent. (  GMmu  cn  DilapidaMons,  1G5.)  If  this  is  not  the 
intention  an  exception  should  be  introduced  into  the  agree- 
ment. He  is  also  to  pay  rent  if  the  premises  are  destroyed 
by  fire,  unless  the  event  is  provided  for  in  the  agreement, 
(ib.  168.)  A  landlord  is  under  no  obligation  to  repur, 
except  by  the  custom  of  the  city  of  London,  Norfolk, 
and  the  Isle  of  Ely,  in  which  places  the  landlord  is  bound 
to  repair  in  the  absence  of  express  agreement  binding  the 
tenant  to  do  so.  The  Landlord  is  not  understood  as  war- 
ranting that  the  premises  are  or  will  continue  tenantaUe 
during  the  term ;  and  if  they  become  unsafe  or  uninhabit- 
able, the  tenant  cannot  chum  compensation  from  the  land- 
lord, nor  if  he  quits  them  in  oonBequence»  is  he  excused 
from  the  payment  of  rent.   (ib.  171.) 

tso    10.  In  a  lease  of  lands  an  agreement  to  enltivato  should 
be  inserted,  hk  the  absence  of  express  agreement  on  a 
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letting  of  farm  lands,  an  agreement  to  cultivate  accoicling 

to  the  custom  of  the  country  is  implied,    (ib.  201.) 

11.  If  it  is  intended  to  restrain  the  tenant  from  assiirn-  A^toAMi^i. 

,  ,  ^  ^  o      ment  and  the 

me  his  mterest  either  absolutely  or  without  license,  or  '^"■j^sob, 

f.  .  .     ,  ,  .  particular 

from  carrying  on  any  particular  trades  on  the  premises,  Twda^ 
an  agreement  to  such  an  effect  should  be  inserted  in  the 
lease.    This  is  especially  necessary  if  the  landlord  holds 
\mdcr  a  lease  by  which  certain  trades  are  prohibited. 

12.  There  8h<iuld  also  be  a  proviso  of  forfeiture,  in  the  Non-paj. 
event  of  non-j)ayment  of  rent  or  breach  of  covenant,  or  breadi^af 
This  will  enable  the  landlord,  in  the  events  provided  for, 
to  put  SiXi  end  to  the  teuancy,  and  recover  possession. 


JLease  for  three  yearsy  or  less,  of  a  Mouse, 

Lease  made  the   day  of  , 

18       i  between  '       ,  of  , 

of  the  one  part,  and  ,  of 

y  of  the  other  part. 
Tbe  said  — — —  lets,  and  the  said  — 
— — —  takes  the  messuage  or  tenement,  and 
premises  numbered—,  in  street,  in  the 

pariah  of  ,  in  the  county  of  , 

with  the  sppurtenanoes,  for  the  term  of  three  years  from 

the  day  and  year  above-mentioned*. 

The  rent  to  be  £  a  year,  payable  quarterly,  with- 
out deduction  or  abatement,  on  any  account  whatever^  on 
the  usual  quarter  days  ' 

 :  the  first  quarterly  payment  to  become 

due  and  be  made  on  the  day  of  

next. 

Should  the  premises  be  burnt  down  or  rendered  unin- 
habitable by  accidental  fire,  the  rent  to  be  suspended  until 
they  are  repaired  by  the  landlord  so  as  to  be  habitable, 
and  the  tenant  on  the  quarter-day  subsequent  to  the  fire, 
to  pay  a  proportion  of  the  rent  calculated  up  to  the  day 
of  the  fire;  and  on  the  quarter-day  subsequent  to  the 
repair  of  the  premises,  to  pay  a  proportion  of  the  rent, 
calculated  from  the  day  of  sudi  repair,  up  to  next  subse- 
quent quarter-day. 

*  Or  flome  day  before.  If  it  is  to  hold  for  three  years  firom  th«  day  sub< 
Beqaent  to  the  making  tlie  lease  mu&l  be  by  deed. 
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The  tenant  to  keep  and  leave  the  premises  in  as  good 
repair  and  condition  as  the  same  now  nre  in,  reasonable 
wear  and  tear«  and  accidents  hj  tempest  or  fire  only 
^cepted. 

The  tenant  to  pay  all  rates  and  taxes  assessed  or  imposed 
on  the  premises  during  his  tenancy,  or  on  the  landlord  or 
tennnt  in  respect  thereof,  including  land  tax,  sewers  rate, 
and  water  and  gas  rate,  but  excepting  the  landlord's  pro- 
perty tax. 

The  tenant  not  to  assign  or  underlet  without  the  hcenae 
in  miting  of  the  landlord,  nor  to  carry  on  any  of  the  fol- 
lowing trades  **••••♦ 

if  the  tenant  shall  neglect  to  pay  the  rent  within 
twenty-one  days  after  it  shall  become  due,  although  it  be 
not  demanded,  or  if  he  shall  desert  the  same,  and  leave  the 
same,  without  a  sufficient  distress  for  a  quarter's  rent> 
whether  any  rent  shall  be  in  arrear  or  not;  and  if  he  shall 
make  breach  of,  or  fail  to  perform  any  of  the  above  agree- 
ments, this  denuse  shall  be  void,  and  it  shall  be  lawful  for 
the  landlord,  his  heirs,  executors,  administrators,  or  assigns, 
to  re-enter  and  re-take  possession  of  the  premises. 

The  tenant  has  paid  to  the  landlord  £  for  the 

fixtures  mentioned  in  the  schedule;  and  the  landlord  agrees 
tore-purchase  the  said  fixtures  at  the  end  of  the  tenancy, 
at  their  value,  not  exceeding  the  said  sum  of  £  ,  such 
value  to  be  ascertained,  in  ci^  of  disagreement,  by  two 
brokers,  one  to  be  named  by  ^u:h  party  or  their  umpire. 

Should  the  tenancy  continue  beyond  the  term  herein 
mentioned,  it  may  be  determined  by  a  quarter's  notice, 
es^nring  at  any  quarter  day. 

Schedule  of  fixture** 

[The  Scikednle  abould  be  written  on  the  Mine  paper,  or  annexed  to  the 
leiw.  If  BotiitveqiiiresAadkednleataiiip.] 

Agreement  for  a  Farm, 

Agreement  between       —    ,  of 

— —  ^and-  

of  ,  for  letting  a  farm 


in  the  parish  of  ,  in  the  county 

of  ,  the  partirnlnrs  whereof  are  mentioned 

in  the  schedule  hereunder  written. 
1.  Term  to  be  ■        years,  to  be  computed  from  the 
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  day  of  — ,   and  if  the  tenancy 

continues  beyond  that  time,  t  lic  >;ime  to  be  determined  on 

the   day  ot  in  any  ypfir,  by  six 

calendar  months'  notice  in  writing,  to  be  given  by  either 
party  to  the  uilier. 

2.  Bent  to  be  £   per  annum,  to  commence  from 

the   day  of  next,  and  be  paid 

quarterly  on  the  usual  quarter  days. 

3.  The  landlord  reserves  to  himself  all  timber  and 
tmiber>like  trees.  He  also  reserves  to  hiinsclt  and  any 
person  authorised  by  him  the  right  of  sporting  over  the 
prenuBes, 

4.  The  tenant  to  pay  and  discharge  all  land-tax,  rates, 
taxes,  tithes»  and  rent-chaiges  in  Heu  of  tithes,  and  other 
outgoings  of  every  description,  except  the  hmdlord's  pro- 
perty tax. 

5*  The  tenant  not  to  plough  or  convert  to  tillage  any 
part  of  the  premises  described  in  the  said  schedule  to  be 
meadow  or  pasture,  withoat  the  consent  in  writing  of  the 
landlord,  or  his  agent;  nor  sow  or  plant  flax,  rape,  hemp, 
or  teasels,  upon  any  part  of  the  said  premises,  under  an 
additional  sum,  at  ^e  rate  of  £20  per  acre,  per  «-T>«itmj  to 
be  payable  quarterly,  on  the  days  aforesaid,  and  to  be  con- 
sidered as  rent,  and  payment  thereof  to  be  enforceable 
accordingly. 

6.  The  tenant  not  at  any  time  between  the  1st  day  of 
Norember,  and  the  1st  day  of  April,  to  depasture  or  feed 
more  than  two  horses,  mares),  or  geldings,  in  any  one  close, 
at  any  one  time,  after  ^ving  or  receiving  notice  to  quit 

the  same. 

7.  The  landlord  to  keep  in  repair  the  roofs,  walls,  beams, 
and  stanchions  of  the  dwelllng-house  and  out-houses,  be- 
longing to  the  said  premises. 

8.  The  tenant  not  to  aell  or  part  with  any  dung  or  compost 
to  be  made  on  the  premises,  nor  any  hay,  straw,  halm,  or 
stubble,  or  the  fodder  that  shall  arise  therefrom,  but  to 
spend  and  consume  the  same  on  the  premises. 

9.  The  tenant  not  to  let  or  in  any  manner  otherwise 
dispose  of  or  permit  to  be  occupied  by  any  other  person, 
any  part  of  the  premises,  without  the  landlord's  c<msent  in 
writing. 

10.  The  tenant  to  keep  in  repair  the  ^lass  of  the  win- 
dows of  the  dwelling  house,  and  to  do  all  internal  repairs 
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and  paiDtiog;  and  also  to  repair  all  gates,  posts,  stiles, 
rails,  pales,  and  backings ;  and  tlie  hedges,  walls.  :md  other 
fences,  and  to  cinanse  the  ditches,  watercourse?,  and  drains. 

11.  The  tcEaot  not  to  mow  any  part  of  the  meadow 
lands  more  than  once  in  any  year,  or  after  the  10th  day 
of  August,  in  every  year;  and  iii  all  respecte  to  manage 
and  cultivate  all  the  premises  in  a  husbandlike  manner. 

12.  The  landlord  to  have  and  take  immediate  possession 
of  the  premises,  in  case  the  tenant  diall  be  adjudged  bank- 
rupt, or  in  case  he  shall  take  the  benefit  of  any  act  for 
the  reUef  of  insolvent  debtors,  or  shall  permit  any  writ  of 
execution  to  be  levied  on  his  effects ;  oi  ii  llic  rent  sLall 
be  in  arrear  for  twenty-one  days  after  any  quarter-day, 
and  there  shall  not  be  sufficient  distress  on  the  premises, 
or  if  the  tenant  shall  make  a  breach  of,  or  neg^ot  to  per- 
form any  of  the  above  stipu]ation& 

In  witness  wkereof  the  said  parties  to  these  presents 
have  hereunto  set  their  hands,  the  '  ■  day  of 
 ^,185 


The  Schedule  by  ihe  foregoing  terms  referred  to. 


No.  ooL 

Deacx^ttionof  Prermsea. 

Cnlture. 

Quantity. 

A.    B.  t. 

OfaaervatkmB. 

•  •  •    2  •••  / 
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Sect.  IL  —NoUee  to  Quii, 

1.  A  Notice  to  Quit  is  necessary  in  all  cases  when  the  wheuMMt- 
tenant  holds  as  tenant  from  year  to  year,  or  from  month  to 

month,  or  from  week  to  week,  or  for  a  eontinuing  term 
not  precisely  defined ;  but  not  if  he  holds  for  a  precise  term 
or  at  will. 

2.  K  the  holding  is  from  year  to  year,  the  notice  must  ^j^J^®' 
expire  at  the  end  of  the  current  year.    It  may  either  be 
given  182  days  before  the  end  of  the  current  year,  or 
prior  to,  or  on  the  corresponding  feast,  which  happens 

two  quarters  before  the  feast  on  which  the  current  year 
ends,  as  on  Michaelmas-day,  to  quit  on  Lady-day.  (i-)oe  d. 
Harrop  v.  Green,  4  Esp.,  199.) 

If  the  tenancy  la  quarterly,  or  monthly,  or  weekly,  it 
may  be  determined  by  a  quarter's,  a  month's,  or  a  week's 
notice  expiring  at  the  end  of  any  quarter,  month,  or  week, 
of  the  tenancy. 

3.  In  general  the  tenancy  is  understood  as  commencing  Wb«  tw. 
from  the  time  of  the  tenant*s  entering,  and  the  notice  to  eito«d  m 
quit  must  expire  at  that  period  of  the  year;  but  if  his ^'"^"** 
quarterly  or  yearly  rent  is  calculated  from  the  quarter- 
day  preceding  or  succeeding  his  entry,  his  tenancy  vill  be 

taken  to  commence  on  such  quarter-day.  (Doe  d.  Hoi- 
comb  9.  Johnson,  6  Esp.^  10.)  If  the  yearly  tenancy 
arises  £rom  a  holding  over«  after  the  expiration  of  a]ease> 
it  dates  from  the  time  when  the  lease  ended.  If  different 
parts  of  the  premises  are  held  from  different  times  as  is 
often  the  case  in  farms,  it  is  sufficient  if  the  notice  is  given 
a  half  year  before  the  day  on  which  the  first  year's  rent  is 
payable,  or  on  whi<di  the  tenancy  of  the  principal  part  of 
the  premises  commenced.  (DugL  t  ??.  Snowden,  2  Black.^ 
1224 1  Doe  d.  Ld.  Biadford  v,  Watkins,  7  East,  551.) 

4.  A  notice  to  quit  may  be  giyen  by  an  agents  but  he  By  whom 
must  have  authority  at  the  time  he  gives  the  notice.    An  W^hw^^ 
agent  to  let  and  receiye  rents  has  authority  to  ^ye  a  notice 

to  quit ;  but  a  mere  agent  to  receive  rents  has  not.  One 
of  several  joint  tenants  may  give  a  notice  to  quit.  But 
the  notice  of  one  of  several  co-partners  or  tenants  in  com- 
mon, without  authority  from  the  others,  only  determines 
the  tenancy  of  his  share. 

5.  It  should  be  ctvcu  to  the  tenant  himself  or  to  his  To  wham  to 
assignee,  not  to  a  sub-tenant,    ii  served  on  the  person  m  s«fTiG«. 
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possession  of  the  premisep,  it  wiU  be  presumed  that  he  is 
assignee  ot  the  original  tenant  in  the  absence  of  proof  to 
the  contrarj.   It  may  he  served  on  the  wife  or  Berrant  of 
tlie  tenant  on  the  premises. 
tSS^        ^*  The  notice  should  be  explicit,  and  not  give  the  tenant 
the  option  of  entering  into  a  new  contract.    But  a  notice 
to  quit,  or  "  I  shall  insist  on  double  rent,"  is  not  bad  on 
this  grouDilj  ii6  it  merely  intimates  the  legal  consequence  of 
the  tenant  holding  oyer.    It  should  also  be  precise  as  to 
the  liuiu  of  quitting.    A  notice  to  quit  at  "  the  end  of  the 
current  year  of  your  tenancy,"  when  the  current  year 
ends  mthin  a  half  year  from  the  notice,  is  bad ;  but  a  notice 
to  qmt  **  at  the  end  of  the  cmrent  year  of  your  tenancy, 
which  will  ex^e  next  after  a  half  year  from  the  service 
of  this  notioe,**  is  good,  and  ihe  proper  form  to  adopt  in  all 
cases  where  the  time  of  the  commencement  of  the  tenancy 
is  not  known  or  cannot  he  proved. 
Noicc.  '      ^'     notice  to  quit  is  waived  by  receiving  or  distraining 
for  rent  accnung  dne  after  the  expiration     the  notice. 
«m    8.   If  a  tenant  wilfully  holds  over  after  the  termina- 
tion  of  his  term,  and  after  demand  made  and  notice  in 
writing  given  for  delivering  possession  by  the  landlord  or 
his  agent,  he  is  liable  to  pay  to  the  person  kept  oat  of 
possession  for  the  time  he  holds  over,  at  the  rate  of  double 
the  yearly  vahie  of  the  kmds  detained.  (4.  Oea  2,,  c  28.) 
This  provision  applies  to  a  tenant  holding  over  after  notice 
to  quit  given  by  the  landlord,  and  such  notice  is  a  suffi- 
cient notice  and  demand  of  possestion  under  the  statute* 
JgJJj"'*'    9.  If  the  tenant  holds  over  after  a  notice  to  quit  given 
JjJgJ**     by  himself,  he  is  liable  to  pay  double  rent,  which  may  be 
distrained  for.  (11  Gea  2,  c  19,  s.  18.) 


JFormafNoHee  to  Qtdt 

Mr.    \^T'e7ianfs  7ifit;«5.] 
I  hereby  give  you  notice,  to  quit  and  deliver  up  on  the* 

— — ^  day  of  ■  .  next,  the  possession  of 

the  dwelling-house  [or  ]  with  the  ap])urtenan^ 

which  you  now  hold  of  mcf,  situate  in  the  parish  of 

,  in  the  county  of  ,  provided 

your  tenancy  originally  commenced  at  that  time  of  the 

*  Day  cm  which  Uiajm^  m^xm, 
t  IfnotiMiaiigiied  Ityan  agent,  here  insert  bndlord'a  name. 
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year,  or  otherwise,  that  you  quit  and  deliver  up  the  posses- 
sion of  the  said  dwelling-house,  &c.  at  the  end  of  the  year  of 
your  tenancy,  which  shall  expire  next  after  the  end  of  one- 
half-year  from  the  time  of  your  bdng  served  with  Haa 
notice;  and  farther  take  notice^  that  unless  jou  quit  at  the 
eicpiration  of  this  notice^  you  will  be  liable  to  pay  double 
the  yearly  -value  of  the  premises  held  orer^  for  so  long  as 
you  shall  hold  over  the  same. 

Dated  this  day  of  ,  185—. 

Yours,  &C. 


Sbot.  in. — Distress, 

1.  A  Distress  is  a  right  to  seize  goods  to  enforce  pay-  Kature  or 
ment  of  rent.   The  landlord  distruning  must  have  ain'wh^'cMM 
reversion,  that  is  an  interest  and  right  to  possess  tlio  premi-  buo^ 
ses  after  the  determination  of  the  tenan<rjr  to  which  the 

rent  is  incident.  There  must  also  be  a  tenancy  for  a  term 
certain^  at  a  rent  certain.  A  person  let  into  possession 
under  a  mere  agreement  for  a  lease,  who  only  tenant 
at  will  and  may  be  ejected  at  his  landlord's  pleasure,  or 
may  quit  at  his  own,  cannot  he  distrained  on  until  he  has 
become  tenant  from  year  to  year,  by  payment  of  rent. 

2.  A  distress  must  be  made  during  the  term,  or  within  At  wbM 
six  calendar  months  after  its  determination,  during  the 
landlord's  interest  and  the  tf^rmnt's  possession  (8th  Ann, 

c  14,  s,  6  &  7.)  It  must  be  made  in  the  day-time  between 
sunrise  and  sunset.  It  cannot  be  made  until  the  day  a£tes 
Aat  on  which  the  rent  is  payable. 

3.  The  goods  distrained  must  be  taken  on  the  premises  At  what 
from  which  the  rent  issues.    If  the  goods  of  the  tenant*^* 
are  fraudulently  removed  from  the  premises  after  the  rent 

has  become  due,  the  landlord  may  follow  and  distrain  them 
within  thirty  days  after  the  removal,  provided  they  have 
not,  before  seizure,  been  bona  fide  sold  for  a  valuable  con- 
sideration. The  tenant  and  all  persons  wilfully  assisting 
him  in  removing  or  concealing  the  goods,  are  liable  to  a 
penalty  in  double  the  value  of  the  goods,  and  if  the  value  of 
the  goods  does  not  exceed  ^0,  the  penalty  may  be  reco- 
vered before  two  justices.  If  the  goods  removed  are  locked 
up  in  any  house  or  other  place,  tiie  landlord  or  his  bailiff 
may,  in  the  day-time,  break  open  and  enter  the  house  or 
place,  first  calling  to  his  assistance  the  constable  of  the 
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place,  and  in  the  case  of  a  dwelling  house,  making  oath  of 
a  reasonable  ground  to  suspect  that  the  goods  are  in  such 
dwelling-house  (11  Geo.  II.,  c.  19,  s.  1  to 

w  SilS-  ^  goods  on  the  premises,  with  certain  cxceptiona, 
may  be  distnimed  for  rent,  also  catUe  and  stock  on  a  com- 
mon,  appendant  appurtenant,  or  in  any  ways  belonging 
to  tbe  piemisee — ^growing  com,  grass,  hops,  finite,  pulse, 
and  other  produce,  may  also  be  distrained  and  may  be  cut 
when  ripe,  and  laid  np  in  bams  on  the  premises,  and  in 
convenient  time  may  be  appnused  and  sold.  Notice  of 
the  place  where  the  crops  are  lodged  most  be  given  to 
the  tenant  within  one  week  after  they  are  lodged.  If 
the  tenant  pays  or  tenders  the  rent  and  expenses  before 
the  crops  are  ripe  and  cat,  cured,  or  gathered,  the  distress 
is  to  cease  (11  Qeo,  11.,  o.  19,  s.  8  &  9.) 

SttoS  t!Su  ^*  Groods  privileged  &om  distress  are  1st,  goods  in  the 
custody  of  the  law,  that  is,  goods  already  under  distress 

ooodf^'oA  or  under  execution.   In  this  lattor  case,  the  execution 

tbeLsv.  creditor  is  hound  to  pay  the  landlord  the  rent  due  at  the 
time  of  the  seizure,  not  exceeding  one  year's  rent,  before 
the  goods  can  be  removed  under  the  execution  (8th  Ann, 
C  14.) 

nztaiw.  6.  2nd]7,  Fixtures  or  things  fixed  to  the  freehold,  such 
as  gratea,  doors,  windows,  and  the  like:  a  temporary  dis^ 

union  of  a  fixture  does  not  render  liable  to  a  distress,  as  if 
a  miU-stone  is  renaoved  for  the  purpose  of  being  picked. 

TiiingBpart     7.    3rdly,  Things  which  are  part  of  the  demise  as  the 

nU«e.         furniture  of  a  furnished  lodginix. 

^in^not       8.    4thly,  Thlriga  which  are  not  the  subject  of  property, 
oiPto^wtj.      wnld  anioials,  but  tame  animals  Huch  as  cattle,  dogs, 
tame  deer,  or  deer  in  an  inclosure  kept  for  profit,  may  be 
distrained.  (Davies  v.  Powell  Willes?,  50.) 
Tii^^^tld     ^*    ^^^^y>  Things  which  cannot  certainly  be  identified 
™S?!L^       cannot  be  returned  in  the  same  state,  such  as  loose 
teldMitifltA.  money,  meal,  or  the  Hko.  and  things  which  quickly  perish, 
such  as  meat  and  milk,  are  not  diotrainable,  because  they 
cannot  be  returned  iu  the  same  state.    But  by  W.  &  M., 
C*  5,  8.  3,  sheaves  of  corn,  or  corn  loose  or  in  the  straw,  or 
hay  in  any  bam  or  granary,  or  in  any  hovel,  stack,  or 
ric^  or  otherwise,  upon  any  part  of  the  land  may  be  dis- 
trained, and  looked  up  and  detained  in  the  place  where 
found,  until  replevied  or  sold. 
SS^fotp^.    10.   9thly,  things  delivered  to  a  person  exercising  a 
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public  trade  to  be  carried,  wroogbt,  or  managed  in  &e  way  ^gj^ 
of  bis  trade:  under  tbis  bead,  a  borse  sent  to  a  &rrier  to 
be  sboed,  goods  sent  to  an  auctioneer  to  be  sold,  or  an  ox 
sent  to  a  butcber  to  be  slau^tered,  are  exempt  from  being 
distraiiied,  so  tbe  borscs  and  carriages  of  a  guest  standing 
at  an  inn  are  privileged ;  but  borses  and  carnages  at  a  Uvery 
stables  are  not.   (Parsons  v.  Gingell,  4  C.  B.,  545.) 

Tthly,  ThinjTs  in  actual  use  are  privileged,  because  G<»d»ia  iwe. 
to  take  sucli  things  may  provok(;  a  broach  ot"  the  peace, 
for  instance,  an  axe  in  a  manV  Fuuid,  a  horse  on  which 
he  is  riding,  a  cart  in  wbicb  he  iid  standing,  a  loom  at 
which  he  is  working. 

8thij,  Cattle  on  their  way  to  market,  pnt  on  the  laud  Jj^"" 
for  their  necessary  refrcsliment,  with  the  })rivity  of  thellMk«t. 
lessor  or  the  lessee,  are  privileged.  So  cattle  which  es- 
cape into  the  land  because  there  are  not  sufficient  fenceii, 
unless  the  owner  of  the  cattle  is  bound  to  keep  up  the 
fences,  are  privileged,  until  they  have  been  levant  and 
coucbant  on  tbe  tenant's  land  (wbicb  means  until  they 
have  been  there  a  whole  night).  If  the  landlord  or  tenant 
•o£  the  land  into  which  the  cattle  escape  is  bound  to  keep 
up  the  fences,  they  are  not  distrainable  unle^  notice  has 
been  given  to  the  owner  of  his  cattle  having  strayed, 
and  be  has  neglected  to  remove  them  for  a  reasonable 
time  after  such  notice.  In  no  case  can  stray  cattle  be  dis- 
trained for  rent,  if  the  owner  lias  made  fresh  pursuit  and 
endeavoured  to  bring  them  baick. 

Implements  of  husbandry,  and  beasts  of  the  P^ongh,  TUingapriji- 
eaddie  horses,  poultry,  implements  of  trade,  wearing  apparel  tioaaUy. 
and  jewels,  should  not  be  distrained  if  there  is  other  suffi- 
cient distress. 

In  making  a  distress  no  outer  door  or  window  can  be  nist"aiV°4, 
broken,  nor  can  the  door  ol'  a  barn  or  stable.  ouier  JoorT 

The  goods  must  be  seized  and  impounded;  they  ^^^j^f | 
be,  and  usually  are,  impounded  and  sold  on  the  pre-iunt. 
mises  (11  Geo.  II,  c  19,  s.  10,)  where  tins  is  done,  they 
are  considered  as  impounded  as  soon  as  seized.  They  can- 
not be  impounded  out  of  the  county  in  wbicb  ihey  are 
taken,  (stat.  Harlbridge,  52,  Hen«  III,  c.  4),  nor  out  of 
the  himdred  except  in  a  pound  in  the  same  county,  and 
not  above  three  miles  from  the  place  of  the  distress,  under 
a  penalty  of  £5  and  treble  damages.  If  the  rent  is 
tendered  before  the  distress  is  impounded,  either  to  the 
3  a 
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landlord  or  to  tbo  bailiff  maidiig  the  distrees  (Hatch 

Hale,  15  G.  B.,  c.  10,)  it  must  be  accepted.    But  after 
the  distress  is  impouuded,  the  landlord  18  bound  to  accept 
the  rent  and  costs  if  tendered, 
s^-  A  distress  cannot  be  sued  bv  stat.  2,  W.  &  M.,  ses8. 

1)0.  5,  if  the  tenant  does  not  replevy  within  five  days  next 
after  distress  taken,  and  notice  thereof  left  at  the  chief 
mansion  house  or  other  most  notorious  place  on  the  pre- 
miees,  the  person  distraining  may,  with  the  sheriff  or 
nnder^eiiiF  of  the  county,  or  the  conatable  of  the  hun- 
dred^ parish  or  place,  where  the  distress  has  been  taken, 
cause  the  goods  distrained  to  be  appraised  by  two  sworn 
appraisers  (whom  such  sherifP,  under-sheriff,  or  constable 
must  swear  to  appraise  the  same  truly  according  to  the 
best  of  their  understanding,}  and  after  such  appraisement^ 
may  sell  the  same  for  the  b^  price  that  can  be  gotten  for 
ihem,  for  satisfaction  of  the  rent  and  diaiges  of  the  Ea- 
tress, appraisement,  and  sale,  leaving  the  Overplus,  if  any, 
with  the  sheriff,  under  sheriff,  or  constable,  for  the  owner's 
use. 

gg»oj^     The  notice  must  be  in  writing  (Wilson  v.  Nightinr 

ApimiM.  gale,  8  0.  "R.,  1034.)  Tt  must  specify  the  goods  distrained. 

It  is  eutticient  to  say  that  all  goods  on  the  premises  arc  dis- 
trained (Wakeman  v.  Lindsay,  19  L.  J.  G.  B.,  166),  but 
not  sufficient  to  say  all  goods  on  the  premises  that  may  be 
required  to  satisfy  the  rent  aud  expenses,  (Kirby  ». 
Harding,  6  Ex.,  234.)  Pive  clear  days  must  elapse  after 
the  day  of  the  distress  and  notice  given,  before  the  goods 
can  be  appraised  or  sold.  (Robinson  v.  Waddington,  13  Q. 
B.,  753.)  The  appraisers  must  be  two  persons  having  no 
interest  in  the  matter,  the  distraining  broker  cannot  be 
one.  (We8twoodv.Gowne,l  Stttsh.,  172.)  There  must  be 
two  appraisers,  although  the  rent  is  under  £20.  (Allen  o. 
iTicker,  10  A.  V.  E.,  640.) 
The  distress  should  not  be  ezoesnTC.   The  mere  cu^ 

toDiMMM.  (jmngtonce  of  the  distress  being  for  more  rent  than  due, 
does  not  render  the  landlord  liable  to  the  tenant  unless 
some  special  damage  hasheen  sustained  by  him.  (Tancred 
V.  Leyknd,  16  G.  B.,  669.)  There  cannot  be  a  second 
distress  for  the  same  rent,  unless  the  value  of  the  first 
distress,  is  found  insufficient.  (17th  Jas.  II,c  7,  s.  4; 
T>awson  v.  Cropp,  1  C.  B.,  961.) 

cwttornig.    By  67  Geo.  Ill,  c.  93,  no  person  making  a  distress 


DISTRESS. 


779 


for  rent,  wben  the  sum  demanded  and  due  does  not  exceed 
£20,  can  take,  either  from  the  tenant  or  the  kndlord,  any 
other  or  more  charges  for  any  matter  or  thing  done  m  the 
distress,  than  are  mentioned  in  the  schedule  to  the  act,  or 
can  make  any  charge  for  any  net  mentioned  in  the  schedule, 
unless  the  act  has  been  really  done.  If  he  violates  the  act, 
a  justice  of  the  peace  may  order  him  to  pay  treble  daras^es 
and  costs  to  the  party  grieved,  which  may  be  levied  by 
distress  warrant;  in  case  of  no  sufficient  distress,  he  may 
be  committed  to  gaol,  until  he  pays  or  satisfies  the  order ; 
if  the  complaint  is  unfounded,  the  complainant  may  be 
ordered  to  pay  costs.  The  landlord  is  not  liable  nnder 
this  statute,  unless  he  personally  levies  the  ilistrcsa. 
Every  broker  who  makes  a  distress  must  give  a  copy  of 
his  charges,  although  the  rent  demanded  exceeds  £20. 
The  schedule  of  charges  are: — 

Lcvyino;  T^istre?s  0    3  0 

Man  in  possession,  per  day  ....    0    2  6 

Appraisement  6d.  in  the  pound  on  the 
value  of  the  goods   

Stamp,  the  lawful  am»>uiit  thereof  . 

All  expense  oi  advertisements  if  any 

such  0  10  0 

Catalogues,  sale  and  commission,  and 
delivery  of  goods  is,  in  the  pound 
on  the  net  produce  of  sale   .   .  . 
The  provisions  of  this  statute  are  extended  to  distresses 
for  land  tax,  assessed  taxes,  poors  rates,  church  rates,  tithes, 
highway  rates,  sewer  rates,  or  any  other  rates  or  taxes,  if 
the  sum  demanded  and  due  does  not  exceed  £20,  and  to 
all  oases  in  whidi  the  whole  of  several  sums  sought  to  be 
levied  by  distresses,  taken  for  diflerent  purposes  at  the 
same  time,  do  not  exceed  the  sum  of  £20.  (7  &  8  Geo. 
IV.,  c.  17.) 

In  the  event  of  the  bankruptcy  or  insolvent^  of  the  Jjf^^^f*'*- 
tenant,  the  landlord's  remedy  by  distress  is  limited  to  ^^^^^^ 
one  yearns  rent  due  at  the  time  of  the  bankruptcy  or  in-  v<rfTeiakt. 
solvency,  if  more  is  due  he  must  come  in  as  a  creditor.  (12 
&  13  Vict.,  c  106, 8. 129;  Bankrupt  act,  1  &  2  Vict.,  c.  UO, 
8.  58;  Insolvent  debtor^s  act,  persons  in  prison  for  debt 
who  petition  for  their  discharge,  7  &  8  Vict.,  c.  96,  8.  18; 
Protection  act,  insolvents  who  petition  for  protection  from 
process.) 
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fFarrant  of  Distress. 

Xo  Mr.  3  my  bailiff.    Distrain  the 

goods  and  chattels  of  -=  ,  (the  tenant,)  in 

tike  house  he  now  dwells  in,  (or  on  the  premises  in  his 

possession,)  situate  in  —»  ^  the 

county  of  ,  for      ■      pounds,  being  one 

yeaz^s  rent  due  to  me  for  the  same  at  <inj  last, 

and  for  your  eo  doing  this  shall  he  your  sufficient  warrant 
and  authority  ;  and  in  consuleration  of  your  so  doing,  I 
hereby  undertake  to  indemnity  against  loss,  costs,  charges, 
damages,  or  expenses  which  you  may  thereby  incur  or 
sustain,  and  against  any  action  or  proceeding,  lawful  or 
unlawful,  which  may  be  brought  against  you  for  acting  in 

obedienot  to  this  warrant.    Dated  this  ^  day  of 

 185—. 

NoHce  of  Distress* 

Mr.  , 

Take  notice,  that  I  have  this  day  distrained  (or  that  as 
bailiff  to  ,  your  landlord,  I  have  this  day  dis- 
trained) on  the  prenuses  above-mentioned,  the  several 
goods  and  chattels  spedfied  in  the  inventory  hereunder 

-written,  for  the  sum  of  9  being  one 

yearns  rent  due  to  me  (or  to  the  said  ^ 

at  day  last,  for  the  said  prenuses,  and  that 

unless  you  pay  the  sfdd  rent,  with  the  charges  of  distrain^ 
ing  for  the  same,  or  replevy  the  said  goods  and  chattels 
within  five  days  from  the  date  hereof,  they  will  be  ap- 
praised and  sold  according  to  law.  (jriven  under  my  hand 
the  day  of  ,  in  the  year  18—. 

CoMent  by  Tenant  to  hold  oveT» 
Memorandum.   That  I, 


do  hereby  consent  and  agree  that  , 

my  landlord,  who  hath  ^strained  my  goods  and  ohatteb 

for  the  rent  in  a  dwelling-house,  , 

dtuate  at  ,  in  the  county  of  , 

shall  continue  in  the  possession  of  my  said  goods  and  chat^ 

tel0,in  the  said  dwelling-house,  ,  for  the 

space  of  •  days  from  the  date  hereof,  the  said 

 having  agreed  to  forbear  the  sale 

of  the  said  goods  and  chattels  for  die  said  space  of  time,  to 
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enable  me  to  discharge  the  said  rent;  and  I,  the  said 

 ,  do  hereby  agree  to  pay  the 

expenses  of  keeping  the  said  possession. 

As  witness  my  band  the  day  of  ^ 

in  the  year  of  our  Lord^  18 — » 
Witness^ 

NoHce  of  Distress  of  Standing  Com, 

Take  notice,  that  I  have  this  day,  as  bailiff"  of  ■ 

 ,  your  landlord,  taken  and  distrained  on  the 

premises  undermentioned,  the  several  growing  crope  spe- 
cified in  the  inventory  underwritten,  for  the  sum  of 
^  ^jheing  one  year's  rent  due  to  the  said  

 ^  day  last,  for  the  said  premises^  and  unless 

you  previously  pay  the  said  rent^  with  the  costs  of  dis- 
training the  same,  I  shall  proceed  to  cut,  gather,  make, 
cure,  carry,  and  lay  up  the  crops,  when  ripe,  ui  the  bam, 
or  other  proper  place  on  the  said  premises,  and  in  conve- 
nient time  sell  and  dispose  of  the  same,  towards  satis&c- 
faction  of  the  said  rent,  and  of  the  costs  of  the  distress, 
appraisement,  and  sale,  according  to  the  form  of  the  sta- 
tute in  that  case  made  and  provided.  GKven  under  my 
hand  tWs  day  of  —  ,  18—* 

Appraiser's  Oath. 

You  and  each  of  you  shall  weU  and  truly  appraise  the 
goods  and  chattels  mentioned  in  this  inventory  (holding  it 
up  in  bis  hand)  according  to  the  best  of  your  judgment. 
So  help  you  God. 

Appraisement, 

We,  the  above-named,  •  , 

and  ,  being  sworn  upon  the  Holy 

Evangelists,  by  ,  the  constable 

above-named,  well  and  truly  to  appraise  the  goods  and 
chattels  mentioned  in  this  inventory,  according  to  the  best 
of  our  judgment,  and  having  viewed  the  said  goods  and 
chattels,  do  appraise  the  same  at  the  sum  of 

pounds.   As  witness  our  hands  the  —  day  of 

,  in  the  year  of  our  Lord  18-^ 

^^uu^m  Appraisers. 
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Sect.  IV. — Beeooery  qfFoMesshiL 

of  In  all  ca$e8  where  the  interest  of  ihe  tenant  has  ex* 
^'  pired,  the  landbrd  has  a  right  by  kw  to  enter  and  take 
possesrion,  and  may  do  so  without  resorting  to  any  legal 
proceeding,  if  he  can,  without  disturlnng  the  public  peace. 
But  if  the  tenant  is  in  poesesdon,  and  is  likely  to  resist  the 
landlord's  entry,  it  is  advisable  to  proceed  at  law,  as  al- 
though tlie  tenant  can  tTfM^in^fin  no  action,  the  landlord 
may  render  himself  liable  to  an  indictment  for  a  forceable 
enlxy.  (See  Davison  v,  Wilson,  11  G.  B.,  890.) 
ifPremiBeg  If  a  tenant  holding  lands,  &c.,  at  a  rack  rent,  or  a 
rent  which  is  Itill  three-fourths  of  the  yearly  yalue  of  the 
demised  premises  b  in  arrear  for  a  hidf-year*s  rent,  and 
deserts  the  premises,  and  leaves  them  nncultivated,  or  un- 
occupied, so  as  no  suffident  distress  can  be  had  to  counter- 
Tail  the  arrears  of  rent,  two  or  more  justices  of  the  peace 
■  of  the  county,  riding,  division,  or  place  having  no  interest 
in  the  demised  premises,  at  the  request  of  the  landlord,  his 
bailiti'  or  receiver  may  go  upon  and  view  the  same, 
andathx,  or  cause  to  be  affixed,  ou  the  most  notorions  part 
of  the  premises,  notice  in  writing,  stating  what  day,  (at 
the  distance  of"  fourteen  day?*  nt  the  least,)  they  will  return 
to  take  a  second  view  thcrcot,  and  if  upon  8uch  second  view, 
the  tenant,  or  some  person  on  his  or  her  behalf,  does  not 
appear  and  pay  the  rent  in  arrear,  or  there  is  not  a  eutii- 
cient  distress  on  the  premises,  the  justices  may  put  the 
landlord  into  possession  of  the  demised  premises,  and  the 
lease  thereof,  as  to  any  demise  therein  contained,  only  be- 
comes void.  This  proceeding  may  be  taken,  although 
there  is  no  right  or  power  of  re-entry  reserved  in  tiic  lca.se 
to  the  landlord  upon  non-payment  of  rent.  The  tenant 
may  appeal  to  the  next  justice  or  justices  of  assize  of  the 
county  in  winch  the  lands  he,  or  if  in  London  or  Middle- 
sex, to  the  judges  of  the  Queen's  Bench  or  Conmion  Pleas, 
or  if  in  a  County  Palatine,  before  the  judges  thereof 
(II  Geo.  2,cl9,s.  16  &  17;  57  Geo,  3,  c  52.) 

If  the  premises  are  within  ike  Metropolitan  PoUce  Dis- 
trict, a  police  magistrate,  at  the  request  of  the  landlord, 
his  bulifi^  or  receiver,  made  in  open  court,  and  upon  proof 
given  to  the  satisfiiction  of  the  magistrate  of  the  arrear  of 
rent  and  desertion  of  the  premises^  may  issue  his  warrant 
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directed  to  the  police  conatable,  requinng  him  to  go  apon 
and  view  the  premiflea,  and  affix  the  notices,  and  upon  le- 
tum  of  the  wamnt  and  proof  that  it  has  been  duly 
executed,  and  that  neither  the  tenant  nor  anj  person  on 
his  behalf  has  appeared  and  paid  the  teat,  and  that  there 
is  not  sufficient  distress  on  the  premises,  the  magistrate  may 
issue  his  warrant  to  a  police  constable,  requiring  him  to  put 
the  landlord  into  possession.   (3^4  Yict.,  c.  84,  s.  13.) 

If  the  interest  of  a  tenant  holding  at  will,  or  for  any 
term  not  exceedincj  seven  vears,  eitlier  without  rent.  Before* 
or  at  a  rent  not  exceeding  Jb2U,  and  upon  which  no  fine  Rent  not 
has  been  reserved  or  made  payable,  ha?  ended  or  been  £3»- 
duly  determined  by  a  lojral  notice  to  quit,  ur  (»ilicrwise, 
and  the  tenant,  or  any  person  by  whom  the  premises  or 
any  part  is  occupied,  neglects  or  refuses  to  quit  and  de- 
liver up  possession,  the  landlord  or  his  agent  may  cause 
the  person  so  neglecting  or  refusing  to  be  served  with  a 
written  notice,  in  foi  iu  set  forth  in  the  echedulc ;  and  if 
the  tenant  or  occupier  does  not  appear  at  the  time  and 
place  appointed,  and  show  to  the  satisfaction  of  the  justices 
reasonable  cause  why  possesion  should  not  be  given,  and 
still  neglects  or  refuses  to  deliver  possession,  the  landlord 
or  his  agent  may  give  the  justices  proof  of  the  holding  and 
of  the  end  or  determination  of  the  tenancy,  witii  the  time 
or  manner  thereof,  and  if  the  title  of  the  landlord  has  ac- 
crued since  the  letting,  the  right  by  which  he  didms  pos- 
session, and  upon  proof  of  tiie  service  notice,  and  the 
neglect  or  refusal  of  the  tenant  or  occupier,  the  justices 
acting  for  the  district,  division,  or  place  within  which  the 
premises  or  any  part  thereof  are  situate,  in  petty  sessions 
assembled,  or  any  two  of  them  may  issue  a  warrant  under 
their  hands  and  seals  to  the  constables  and  peace  officers 
of  the  district,  division,  or  place,  within  which  the  premises, 
or  any  part  thereof,  are  situate,  commanding  them  within 
a  period  therein  named,  not  less  than  twenty-one  nor  more 
than  thirty  clear  days  from  the  date  of  the  warrant,  to 
enter  by  force  if  needful  and  give  possession  thereof  to  the 
landlord  or  agent.  The  warraut  must  be  executed  be- 
tween nine  in  the  morning,  and  four  in  the  afternoon,  and 
not  upon  Simday,  Good  i'riday  or  Chiistraas-day,  an 
action  of  trespass  may  be  brought  against  the  party  apply- 
ing for  the  warrant,  if  there  is  no  right  of  entry.  Any 
rights  which  the  tenant  may  be  entitled  to,  as  outgoing 
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tenant  by  custoni  of  the  country,  or  otherwise,  are  not 
affected  by  tlie  proceeding.  The  notice  of  application  may 
be  served  either  personally  or  by  leaving  the  same  with 
some  person,  being  in,  and  apparently  residing  at,  the 
place  of  abode  of  the  person  holding  over.  The  person 
serving  the  notice  must  read  it  over  to  the  person  served, 
and  explain  the  purport  and  intent.  Tf  the  person  holding 
over  cannot  be  found,  and  his  place  of  abode  is  not  known, 
<^  admission  thereto  cannot  be  obtained  for  serving  the 
summons,  the  posting  it  up  on  some  conspicuous  part  of 
the  premises  held  over  is  good  service. 

If  the  party  to  whom  the  warrant  is  granted  has  not  at 
the  time  a  lawful  right  to  enter,  the  obtaining  of  the 
warrant  is  an  act  of  trespass.  The  execution  of  the 
warrant  is  to  be  stayed  if  the  tenant,  with  two  sureties  to 
be  approved  of  by  the  justices,  enters  into  a  bond  to  try  an 
action  of  trespass  and  pay  the  costs  if  unsuccessful  If  he 
succeeds  in  the  action,  the  warrant  is  suspended.  The 
bond  is  to  be  given  to  the  landlord  or  his  agent,  and  to  be 
prepared  at  his  (the  landlord's  or  agent's)  costs,  and  is  to  be 
deemed  forfdted,  unless  the  judge  at  the  trial,  indorses  on 
the  record  that  the  condition  has  been  fulfilled.  The 
Court  in  which  the  action  is  brought  may  relieve  the 
parties  from  the  bond. 

No  action  can  be  brought  agunst  the  justices  for  gr^inting, 
or  the  constables  for  executing  the  warrant  (1  &2Vict.o.  74). 
The  County  Courts  have  jurisdiction  to  ^ve  posses- 
ciiSw^*^  sion  to  a  landlord  in  all  cases  when  the  term  or  interest 
SSb^   of  the  tenant  of  premises  the  value  or  the  rent  payable  in 
£50.        respect  of  which  does  not  exceed  £50  by  the  year, 
and  upon  which  no  fine  has  been  paid,  has  ended  or  been 
duly  determined  by  a  legal  notice  to  quit  if  the  tenant  or 
person  in  occupation  neglects  or  refuses  to  quit  and  deliver 
up  possession  of  the  premises  or  any  part  thereof  The 
proc<  .Mltig  in  the  County  Courtis  bv  plaint,  upon  which 
•A  .summons  issues;   and  if  the  tenant  or  occupier  does  not 
appear  and  show  cause  to  the  contraiy  upon  similar  proof, 
as  is  required  by  1      2  Vict.,  c.  72,  the  County  Court 
may  grant  a  warrant  to  the  bailiff,  to  the  same  effect  as 
the  warrant  to  the  constable  under  the  former  statute, 
which  has  the  same  effect  and  must  be  executed,  or  may 
be  suspended  in  the  same  manner  as  the  magistrates* 
warrant,  (9  &  10  Vict,  c  95,  s.  122,  o,  4,  5,  6,  7.) 


BECOVEBY  OF  F0SSE8SI0N. 


Farm  of  Notice  of  Owner's  Jhtention  to  apply  to  Justice*  to 
recover  Possession,  under  1  &  2  Vict,  c,  74. 

I  ,  owner  (or  iigcnt  to  the  owner 

€a  the  case  may  be),  do  hereby  (^ivc  you  notice,  that,  unless 
peaceable  poosessiou  of  the  tcnemeut,  {shortly  descrUiing  it^ 

situate  ,  which  was  held  of  me  {or  of 

the  said  ^  as  the  case  may  be,)  under  a 

tenancy  from  year  to  year  or  (as  the  case  may  be )  which 
expired  (or  was  determined)  by  notice  to  quit  from  the 

said  ,  ^ or  otherwise  as  the  case  may  be,)  

on  the  day  of  ,  and  which 

tenement  is  now  held  over  and  detained  from  the  said  

,  be  given  to  (the  owner  or  agent)  on  or  before  the 
expiration  of  seyen  dear  days  from  the  service  of  this 
notice^  I,  ,  shall,  on  — next, 

the  day  of        >  at  of  the  clock  the  same 

day,  apply  to  Her  Majesty's  Justices  of  the  Peace,  acting 

for  the  district  of  ,  (beirig  the  distnet, 

divisum,  or  place,  in  which  the  snid  tenement,  or  any  part 
thereof,  is  sOuaie,)  in  Petty  Sessions  assembled,  to  issue 
their  warrant  directing  the  constables  of  the  aud  district, 
to  enter  and  take  possesion  of  the  said  tenement,  and  to 
eject  any  person  therefrom. 

Dated  this  •  — — , 

(Signed}  , 

(Owner  or  Agent.) 

To  Mr.  . 


Ccmplainit  before  two  Justices* 

The  complaint  of  (owner  or  affcnt,  &c., 

as  the  case  may  be)  made  before  iis  two  of  her  Majesty's 

Justices  of  the  peace  acting^  iur  the  ili-ti  ict  of  

 in  Petty  Session^  a^senil^le*!,  who  aailh  that  the  said 

 did  let  to  at  encmcnt  consisting 

of  ,  for  ,  under  the  rent  of 

—   ,  and  that  the  said  tenancy  expired  {or 

was  determined  by  notice  to  quit  given  by  the  said 

 as  the  ease  may  be ),  on  the  day 

of  ,  the  said  —  did  serve  on 

(the  tenant  overhokUny)  a  notice  in  writing  of  his  intention 
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to  apply  to  recover  possession  of  the  said  tenement  (a 
duplicate  of  which  notice  is  hereto  annexed)  by  giving,  &c., 
(describing  the  mode  iji  whirh  the  service  was  effeeUdf)  and 

that  notwithstandin'T  the  eaid  notice,  the  said  — — —  

 ,  refused  (or  neglected)  to  deliver  up  possession  of  the 

anid  tenement  and  still  detains  the  same. 

(Signed)  — — — — — . 

Taken  the  day  of  —  before  tis. 

(Signed)  

[A  dvpUBoU  of  iks  nodce  of  inie«^  io  apply  U  to  he 
annexed  to  iMi  con^lamt'\ 


H  arrant  to  Peace  Officers  to  take  and  ^ve  Fossetsum, 

Whereas,  {set  forth  the  eomplamt,)  we,  two  of  Her 
Majesty's  Justices  of  the  Peace,  in  Petty  Sessions  as- 
sembled acting  for  the  ,  of  , 

do  authorize  and  command  you  on  any  day  within  ■ 
days  from  the  date  hereof,  (except  on  Sunday,  Clu'istmas 
Day,  and  Good  Friday,  to  be  added  if  necessary between 
the  hours  of  nine  in  the  forenoon  and  four  in  the  afternoon, 
to  enter  (by  force  if  needful  and  with  or  without  the  aid 

of  i  the  owner  or  agent,  (as  ^  ease 

may  he,)  or  any  other  person  or  persons  whom  jon  lakj 
think  requinte  to  call  to  your  assistance,  into  and  upon 
the  said  tenement,  and  to  eject  thereout  anj  person,  and 
of  the  said  tenement  full  and  peaceable  possesion  to 

deliver  to  the  said   ,  (the  owner 

or  agent). 

Given  under  ofur  bands  and  seals  this  day  of—. 

To  and  all  other 

constables  and  peace  officers  acting 
for  the  district  of  . 
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221 

^  A  fr  c-  /■» 

14D'Hb 

/I  O 

1  AO 

67*32 

162 

106  92 

ot>n 

222 

146-o2 

28*38 

lUo 

67*98 

163 

107*68 

ooo 

223 

"1  il  IT.l  O 

147*18 

4  1 

O  A.A>1 

29  U4 

1  AA 
lU* 

68*64 

lb4 

1  Ad 
108  24 

14  <  .iS4 

40 

OA  A 

28*70 

inR 
100 

nr\  OA 

69.30 

160 

4  AO  ATI 

108*90 

nn  K 

225 

1  /I  O  RA 

148-50 

4b 

oO'oo 

lUb 

69  96 

lb6 

109'56 

226 

-1  A  n  1 1^ 

149*16 

■47 

Ol  .AO 

107 

70*62 

167 

110*22 

227 

4  ^  A.OO 

149*82 

48 

o1*d8 

1  AO 

71*^8 

168 

110-88 

nno 

228 

loO'4b 

49 

02-04: 

1  AO 

itl  .O/l 

169 

"111  £'il 

111*54 

1  £rl  1  4 
151*14: 

SO 

OO  AA 

33*00 

liO 

m  cl{\ 

170 

1  m  OA 

112*20 

non 

230 

1  R1  OA 

lDl-80 

ol 

3o*bb 

111 

73  26 

"Iin  Of* 

112*86 

231 

i02'4(> 

o2 

Oil.OO 

34*82 

rro.oo 
73*92 

^  TO 

172 

113*62 

ooo 

232 

1  f  O  1  o 

163.12 

63 

Oil  .no 
34*9b 

1  1  Q 

1  ID 

74*08 

173 

114*18 

233 

153-  i  h 

54 

35*04 

1  1  1 

i  11: 

1  Til 

174 

1  lrH4 

2o4 

154*44 

00 

OA  OA 

30*30 

1  1  Fi 

lid 

>?;^.An 
70*80 

175 

llo-oO 

nOR 

235 

1  RR  1  A 

155*10 

56 

36*96 

116 

76-66 

176 

116*16 

236 

166*76 

57 

37*62 

117 

77*22 

177 

11GS2 

237 

156*42 

58 

38*28 

118 

77*88 

178 

117*48 

238 

167-08 

59 

38*94 

119 

78*54 

179 

11814 

2f^n 

157-74 

60 

39  60  1 

120 

7920 

180 

118-80 

240  , 

158-40 

804  TABLES  FOB  REDUaNQ  LINKS  INTO  FEET. 


Links. 

Feet. 

Linlts. 

Feet. 

Link*. 

FMt. 

Links. 

Feet. 

241 

1  /;9-()fi 

X0O  00 

^R1 

on  1 

95tfi«9n 

aOO 

49.1 
x^x 

£JrX.£i 

X  «79  0<- 

499 

XA^ 

97ft«'I9 
^10  0^ 

24S 

J-Ov/  t>0 

ODO 

2SQ*Aft 

42fl 

XAU 

Al  i  V  XO 

—  t 

^A4 

±1  '  _  ± 

±  + 

1  R1  -70 
XOX  /  \j 

901  -"in 

OOU 

46^U  i/U 

49 

XO<a  00 

^UX  «}D 

000 

9J.1  '^J^ 
^xX  OD 

49  A 

9A1  *1  A 

^OX  XO 

947 

1  A<t*n9 

0^ 

ODI 

9^9.99 

497 

9fi1  'A  9 
iOOX  0-> 

1  'JO  oo 

OvO 

ODO 

949-kB 

49H 
x^O 

9ft9'4^ 

^0^  TO 

If'-:  •  )i 

40  «l 

XO  J  uu 

aXlF 

«U4  ou 

<&U 

9^1 

XUU  00 

'-il  1 

Q71 
Oil 

^XX  OU 

xOX 

9k4'4A 
laOX  4D 

Q*ro 

XOO  oa 

419 

Q79 

OlA 

2xO  0^ 

x«M 

2oO  L'^ 

XOO  vO 

010 

OiO 

94A'1  ft 
iSxO  XO 

9Qr.7U 

iJOl)    i  0 

y  1  4. 

94A'ft4 

i  'J  1 

AOO 

XOO  OU 

uXti 

007. 

0/0 

947  •'S  A 

4W0 

007.1  n 
«o«  XU 

XOO  90 

0X0 

isuo  00 

010 

^xo  XO 

XOO 

^01  <  0 

9nQ>99 

Q77 
0<  < 

94.0.09 
^xo  0^ 

4'A7 
*0  < 

900.4.9 
.<300  x<5 

0£-Q 

1  70' 9ft 

Q7U 
0  (0 

94Q-4S 
^x<7  xO 

4<lft 
xOO 

9'tQ 

Q70 

9^A-14 

4^Q 

900.74.  1 

9Pt\ 

171  -fin 
X/ X  ou 

aoU 

At>U  ou 

«oU  «u 

^OX 

1 72»9ft 
X  iti 

OaX 

^XX  OD 

00  X 

^OX  xO 

4J.1 
xxX 

901  'HA 

9fi9 

<i5!9 

00^ 

oiro.io 

449 

9Q1  -79 

9A<* 

000 

ibO<^  <0 

44^ 

9fi4, 

1 74.«94. 
X  Ix  ^x 

^24. 

91  ^'$34 
^XO  0% 

9«i;^.44 

444 

XXX 

9ti'-l«t  i4 

^<70  VJX 

174*M1 
X««^P|I 

5tfiS 

uoO 

9tR4*in 

44A 

9Rlu  f  U 

<  •)  i)0 

-1 1 ')  iO 

OOD 

1  1  A 

1 7A»99 
X 1 0^'^ 

91  «r-«9 

Oo  ( 

447 
tx  4 

1  fO  OO 

911  fi-Aft 

0(50 

9  fir  A. AO 

44ft 

9fiQ 

X  i  i  Ox 

91 7-1 4 
^X«  x'x 

QUO 

ooy 

9cre.74. 
^00  <  X 

44  Q 

9qA.Q4 
^«7D  Ox 

0%^ 

019.00 

Qon 

ail  4  Wl 

Aim 

3SV/  UU 

5171 
^1  X 

00  i 

91  Q-4(; 

0 . '  1 

Q  fro.  AC 
ij'JD  VD 

40  X 

9Q7-AA 
iJif  t  DO 

979 

1 74- -";9 

'>  1  '1- 1  9 

or)  J 

0  ,'rQ.79 

4^9 

^•fo  02 

97^1 
i3  1  O 

XOv  AO 

0  JO 

40i'  00 

4 't'^ 
x«>0 

^•fo  90 

974 

xovrox 

^94 

vox 

9An'A4 
^OUvX 

xOx 

9QQ*A4 
Ox 

97*5 

XOX  UV 

991  -in 

<vi«X  XU 

»OU  /U 

uUU  OKJ 

189-1 

lO^  ID 

ooo 

991  •7fi 

0  Jb 

9A1 

Aol  00 

AKa 

xOD 

Qnr»»QA 

OUf  <7D 

277 

XOA 

00 ' 

999'49 

0  J  1 

9  A  9.09 

A 

'f  0  S 

OAl  .A9 

oui  0^ 

27A 

XOO  XO 

000 

99Q.nfi 

LtaQ  UO 

oyo 

9A9'Ak 

■±00 

OUd  ^0 

lOl-  It: 

&aiy  IX 

0£Q.Q4 
^00  Ox 

AKQ 
4O9 

OUSa  9x 

2ftf) 

XO^  Ov 

'lUU 

oUo  oU 

99  ".nc, 

1  Til 

9<?4.#?A 

AUt 

4d1 

0U4  iSD 

XOQ  XZi 

■-'4.  ■-' 

Z«.^D  <  u 

9f»fi;,Q9 
^Ov'oii 

A  CO 

QAi4  .Q9 

2Rft 

XOv  1  w 

WW 

43i0O  Oo 

4A0 

aOO  «rO 

xOO 

QAft«<tft 

oUO  Oo 

IQ7.44 

J.  0  I  xTX. 

1 1  '  i 

;A.A4 
^  in'ox 

ARA 
4d4 

■  .1 '  '  '  1 

XOO  Xv 

<)dS 

Ow 

OA7,'lA 
<60/ 'uU 

4o0 

OUo  yu 

XOO  4  U 

XOO 

i.>U  i  t>0 

2R7 

1 

1fi<)*42 

XOtr  Xh 

err' 

99  OH''' 

JtU  i 

9AQ-A9 

xbi 

Ovo 

2ftA 

"BOO 

XirVf  vO 

'US 

DO 

*Uo 

^09  AO 

4iSQ 
xOO 

OUO'oO 

9ftQ 

1  Qn.74 

9AQ.04 

ACQ 

OUa  .Dl 

XS/X 

9^1  'HA 
mOX  uu 

AtV  DU 

4*7n 

oxu 

2Q1 

.^^1 

9^1  .Cft 
^uX  OD 

Alt 

971 .9A 

xf  1 

oxv  00 

100.79 

At  0 

971  •Q9 

479 

xl  ^ 

<11 1  •A9 

oXX  Oi9 

19<l-3fi 

Xt/O  1^0 

OQ9.QQ 

^o.i  yo 

410 

979.f;Q 

Q1  9.1  Q 

olii  10 

1  04-04 

^00  Ot: 

A1  A 

97*^.94 

474 

'■11  9.W1 

4&0^  OU 

/II  ^ 
410 

0x0  OU 

296 

19636 

356 

234- 9ii 

416 

274-56 

476 

31416 

297 

19602 

367 

286-62 

417 

275-22 

477 

314^82 

196-68 

358 

23R-28 

418 

275-88 

478 

31f;-48 

299 

197-84: 

359 

23'r5^4 

419 

27n-.^4 

479 

316-14 

300 

19800 

360 

237  60 

420 

277-20 

480 

31680 

TABLES  FOR  BEDUCING  LINES  INTO  FEET.  805 


Link*. 

Links. 

Fflft. 

Idiik*. 

Feet 

Link*. 

Feet. 

481 

317*46 

367*06 

601 

396*66 

661 

wx 

436*26 

482 

318-12 

357*72 

602 

397-32 

662 

436*92 

488 

318-78 

51 3 

358-38 

3!)7-9S 

663 

437*58 

484 

319-44 

3{jii-04 

fi04 
uvx 

438*24 

486 

320*10 

845 

360*70 

805 

389*30 

666 

438*90 

486 

320-76 

u^o 

360*36 

399-96 

666 

439*56 

487 

321*42 

301 -02 

(107 

400*62 

667 

440-22 

488 

322*08 

361*68 

WO 

401*28 

668 

440-88 

489 

S22'74 

362*34 

609 

401-94 

669 

441*54 

490 

323-40 

550 

36300 

810 

402-60 

870 

442*20 

491 

S34'0n 

551 

363-66 

611 

403-26 

671 

442-86 

492 

324-72 

552 

364-32 

612 

403-;j2 

672 

443-52 

X  X  w  ^ 

493 

325-38 

55iV 

364-08 

613 

404-58 

673 

444-'18 

^A.-X  X-V 

494 

326*04 

i;64 

365 -li  4 

406*24 

674 

444*84 

XXX  VX 

495 

326-70 

555 

366*30 

615 

405  90 

675 

445-50 

49ri 

327*36 

556 

366 -96 

616 

406 -56 

676 

446-16 

497 

328-02 

557 

367*62 

617 

407-22 

677 

446*82 

498 

328*68 

656 

368*^8 

618 

407*88 

678 

44748 

499 

3"2M-n  4. 

61  M 

\}  1  «/ 

408-54 

■1  1 

500 

330  00 

560 

36960 

620 

409-20 

680 

448*80 

501 

V  v  Jt- 

330-66 

5H1 

370*26 

621 

409-86 

681 

449*46 

502 

331*32 

562 

370-92 

622 

410-52 

682 

460*12 

503 

331*98 

371-58 

623 

411*18 

683 

460*78 

504 

332-64 

564 

372-24 

624 

411-84 

X  X  X  U  X 

684 

451*44 

505 

333  30 

565 

372  90 

625 

WMV 

412-50 

685 

45210 

50G 

v  v  *v 

333-9G 

566 

373-66 

626 

4131G 

686 

452-76 

507 

334*62 

667 

374*22 

627 

413*82 

687 

453*42 

xw 

508 

335-28 

568 

374-88 

628 

414-48 

2X  X  xv/ 

688 

454-08 

509 

335-94 

375-54 

629 

41  rrl4 

454-74 

XV  X     •  X 

510 

336-60 

670 

376'20 

630 

41580 

455*40 

611 

337*26 

671 

376*86 

631 

416*46 

7XV 

691 

466*06 

612 

337-92 

572 

377-52 

632 

41712 

692 

466-72 

513 

338-68 

573 

378*18 

633 

417-78 

693 

-!n7-3H 

614 

339-24 

574 

378-64 

634 

418-44 

1 1 1 '  r 

•15h-*>4 

515 

339  90 

575 

379-50 

635 

41910 

695 

458  70 

516 

340*56 

676 

380-16 

636 

419*76 

696 

v  V  V/ 

469*36 

517 

341-22 

577 

380*82 

637 

420*42 

697 

460-02 

518 

341*88 

578 

381*48 

63i^ 

421-08 

698 

460-68 

519 

342*64 

579 

382*14 

639 

421-74 

699 

461-34 

520 

343*20 

580 

382*80 

640 

422*40 

700 

482-00 

521 

343*86 

581 

383-46 

641 

423-06 

701 

462*66 

622 

344*52 

582 

384-12 

C42 

423-72 

702 

463-32 

523 

345*18 

384-78 

643 

424-38 

X.M  Jt  HTV/ 

703 

463-98 

524 

345*84 

684 

385*44 

644 

426*04 

III  My 

704 

464*64 

525 

346-50 

585 

386*10 

646 

42570 

705 

465*30 

526 

347-16 

586 

386-76 

646 

426-36 

706 

I  w 

465*96 

527 

347-82 

387-42 

647 

427-02 

707 

466*62 

528 

348-48 

588 

388-OS 

648 

427-68 

XM  1  W 

708 

467*28 

529 

349*14 

689 

388-74 

649 

428*84 

709 

467*94 

530 

349-80 

590 

388-40 

650 

429  00 

710 

468  60 

631 

350-46 

691 

w  1/  J. 

390-06 

651 

429-66 

711 

1  X  X 

469-26 

532 

Www 

36112 

592 

390-72 

652 

430*32 

X\/\/  V** 

712 

9  XM 

469*92 

583 

361*78 

693 

391*38 

663 

430*98 

713 

470*68 

534 

3  ';  :''  ;  i 

1 

654 

431-64 

714 

471-24 

535 

353-10 

595 

39270 

655 

432*30 

715 

471-90 

686 

363-76 

596 

393-36 

656 

432-96 

716 

472*66 

637 

354-42 

597 

394-02 

657 

433-62 

717 

473*22 

588 

365'08 

698 

394*68 

668 

434^28 

718 

473*88 

35674 

599 

30.'>-34 

659 

434-94 

719 

■i7-r.^4 

540 

356^40 

600 

39600 

660 

1  435-60 

720 

47520 

806  TABLES  FOR  REDUOIKQ  LINKS  INTO  FEET, 


Links. 

Feet. 

Links. 

Feet 

Links. 

Feet. 

Links. 

'  Feet. 

721 

841 

555-06 

901 

594-66 

792 

« 1 0  OA 

7k9 

1  OA 

842 

OVA 

555-72 

902 

595*82 

t  iSO 

477*1  ft 

1  Otf 

vXv  40 

ft4.S 
oxo 

55r»*:^8 

903 

505-98 

724 

Ox  1  TT 

844. 

Ott 

004 

79 'i 

vXO  xu 

557-70 

903 

697 -30 

79R 
*  ^t> 

70R 

0X0  iU 

K4.K 
OtO 

906 

597-96 

1^1 

%l  9  CMS 

7ft7 

*riQ-49 

S47 

0*4 

5AQ'02 

007 

598-62 

ISO 

7flQ 
100 

otO 

/k/;Q«ftft 

OOTJ  00 

908 

599*28 

TWO 

UDv  t>T 

Rim 

uox  vu 

<7XU 

7^1 

7Q1 

00  X 

OOX  Ov 

oil 

601 '20 

170  rt 
1  O^i 

4.S^-T> 

7Q9 

*I99-75! 
O^a  t  it 

8^19 

VO40  tJAl 

91 2 

601-92 

1 00 

:ro»>  i  0 

7Q<1 
1  30 

Or  >e  > 

J  i  »> 

602-58 

7^i. 

-1  X4^-dd 

OOt 

ODO  vT 

91  4 
«7Xt 

#a9 

/I  OK.  in 

7Q*\ 

w04  UV 

HIS 

xoo  4  0 

0<bO  vO 

ft/{A 
000 

OOt  "VJ 

91  fi 

17  A  U 

604 -56 

i  0  I 

4QR.4.0 

7Q7 

K9A'A'> 

Qm7 

Or  >  i 

ODO 

91  7 

i  00 

7QQ 

1  yo 

0 0 

•_/T)U  Ait/ 

918 

• 

TO  1  IT. 

7QQ 

0^  1  <JT 

ODD  «'T 

91 9 

606-54 

iW 

ViSO  UU 

oou 

qon 

Uw#  AV 

74,1 

4ftQ*nfi 

TOt7  VU 

cm 

01.)  JL 

e;AQ.26 

991 

607*86 

4QQ.7O 
T0<7    1  ^1 

c;cu.09 
000  I'ij 

999 

608-52 

Oa«?  J" 

oDO 

vv9  vO 

99H 

609' 18 

00* 

57A'24 

024 

vAT 

609'84 

OUi) 

9tjX  OU 

OOt) 

!l7n>S0 

vtv 

met' 

610-50 

74.  R 

.100. 

001  JO 

ftr,R 

0 1  J. 

611-16 

74.7 

Ti70 

ftii7 
OD  1 

0  1 1^ 

997 

wA  • 

611*82 

74.R 

DO 

oUo 

ODO 

'»79'88 

028 

612*48 

74.Q 

4Q4..Q4 

Ti/tr  Ot 

fl!qq«Qx 

OOJ7 

<  .>  UT 

999 

n  1.^-14 

/ou 

oiu 

i7«j4  OU 

o/U 

0^ 
0OU 

7^1 

c  ii 

0  (  i 

'^74--86 

9^1 

614-46 

•7  CO 

fe7'> 
0  1  id 

'i7^-52 

9^2 

615*12 

too 

^E«70  70 

olo 

000  00 

010 

17A-18 
010 

615*78 

7'':4- 

4*)7'fi4- 

^07.04 

.J.  1  ( 

Q74 

0  IT 

616-44 

/  JQ 

Ol  J 

0/ J 

fS77-50 

61710 

4QQ.Q^ 

oxu 

fi7*< 

0  <  b 

-XTU.I  A 

9^6 

61 7-76 

717 
f  Of 

0X4 

OD<7 

ft77 
Oil 

0  40  0** 

0*17 

618*42 

100 

clO 

erqq.QQ 

fi7Q 

0  4  !»  TW 

9^8 

619*06 

1  'J  y 

Ql  Q 

OtU  Ox 

frQA.I  4 

61 9-74 

7Afl 

OM 

.on 

ooU 

iJOU  ov 

OdO 

620-40 

vAv  *«.' 

/  bl 

ft91 
O^i 

OtX  OD 

ooX 

i;A1*46 

OOX"^ 

041 

621*06 

f  OA 

ft  9'? 

OXA  OA 

OOA 

frco.i  2 

942 

Til 

621-72 

7ftft 

^:4q-l  Q 
0*0  10 

OOtJ 

94'^ 

622-38 

7<^A 

/C04-24 

Of  0  ~  1 

QQ4 

AO  '-!.•44• 
•J|~.>  TT 

623-04 

7a 
/oO 

0,0t> 

OO'k  Xv 

623-70 

VAW  #»/ 

Too 

040  XD 

oOD 

OOt  4  w 

04A 

624-36 

0^  1 

t/t  r-.QO 

00  1 

T*' 

947 

Ot  1 

625-02 

loo 

tj\_'r>  00 

ft9fi 

OtD  to 

000 

948 

6'>5-68 

—  1/  J 

0\Jl  OT 

r:4.T.14. 
Orkt  lA. 

ooU 

OOD  *  * 

949 

626-34 

■VTA 

vVO  Bv 

tan 

v4#  OU 

ovv 

ftSO 

■WW/ 

827-00 

4  /  1 

OUQ  OU 

O.J  i 

OtO  tD 

000  v/'^ 

951 

627-66 

(  iJi 

wJa  0*1 

00  u 

QQ9 

KftQ-72 
000  ' 

9r>2 

628-32 

i  to 

£;i  A.1 0 

0 IV  AO 

000 

o%tt  10 

O^u 

CQQ.qft 

628-98 

774. 

UXV  OT 

OOT 

ftfin*44 

Oinfc 

K<M>04 

954 

629*64 

//O 

All  •fin 

oux  xu 

fiO't 
oou 

500-70 

955 

630  30 

776 

512-16 

836 

551  -TG 

896 

591-36 

956 

630-96 

777 

512-82 

837 
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CHAPTKR  XXIV. 

STAMP  LAWS  RECENTLY  PASSED 

In  religion  to  the  DuHes  for  the  several  jmrpotes  of  Trade,  and  for  (he  Con" 
vejfonce  and  JHtpoicU  of  Property,  together  with  the  IkUiei  on  Imports. 

AH  ACT  TO  AlfEND  THB  LAWS  RELATING  TO  8TAUP  DUTIES. 

FiioM  and  alter  tlie  teutli  day  of  October  one  thousand  eight  hundred  and 
fiHty^thiee  the  several  stamp  dtttiee  now  payable  in  Great  BrUain  and 
Irdattd  teepecliveLy,  under  or  by  virtue  of  any  Act  or  Acts  of  Parliament 
for  or  in  respect  of  the  several  instnnnentSy  matters,  and  things  men- 
tioned or  described  (otherwise  than  by  way  of  exception)  in  the  schedule 
to  this  act  annexed,  and  whereon  other  duties  are  by  this  act  granted,  shall 
respectively  cease  and  determine,  and  shall  be  and  the  same  are  hereby 
repealed :  and  in  lien  and  instead  thcTcof  there  shflll  bo  granted,  raised, 
le%'ied,  collected,  and  paid  in  and  tliroughout  the  Unit^ed  Kintz;dora  of 
Great  Britain  and  Ireland,  for  and  in  respect  of  things  dcRcribed  in  the 
said  schedule,  or  for  or  in  respect  of  the  vellum,  parchment,  or  paper  upon 
which  any  of  them  respectively  shall  be  written,  the  several  duties  or  sums 
of  money  set  down  in  figures  against  the  same  respectively,  or  otherwise 
specified  and  set  forth  in  the  said  schedule,  which  said  schedule,  and  the 
several  provisions,  regulations,  directions  and  exemptions  therein  con- 
tained reqpect  to  the  said  duties,  and  the  instmmenti,  matters,  and 
things  charged  therewith  or  exempted  therefrom  shall  be  deemed  and 
taken  to  he  part  of  this  act,  and  shall  be  applied,  ohper\-ed,  and  put  in  exe- 
cution accordingly:  Pro\"ided  always,  that  nothing  ]ierein  contained  shall 
extend  to  repeal  or  alter  any  of  the  said  stamp  duties  now  payable  in  re- 
lation to  any  deed  or  instrument  which  shall  have  been  signed  or  executed 
by  any  party  thereto,  or  which  shall  hear  date  before  or  upon  the  tenth 
day  of  Odlcher  one  thousand  eight  hundred  and  fi%-three. 

The  duties  of  one  penny  by  this  act  granted  on  receipts  and  ^^^^^^ 
on  drafts  or  orders  for  the  payment  of  money  respectively  may  ^j^'^ 
be  denoted  either  by  a  stamp  impressed  upon  the  papw  whereon 
any  puch  in?trument  is  written  or  hy  an  adhesive  stamp  affixed  thereto,  and 
the  Comnjissionera  of  Inland  Ivevonne  shall  provide  stamps  of  both  descrip- 
tions for  the  purpose  of  denoting  tlie  said  dntiefl. 

In  any  case  where  an  adhcfiive  stamp  shall  be  UHcd  for  the  purpose 
aforesaid  on  any  receipt  or  upon  any  draft  or  order  respectively  charge- 
able with  the  duty  of.  one  penny  by  this  act,  the  person  hy  whom  such 
receipt  shall  be  given  or  such  draft  or  order  signed  or  made  shall,  before 
the  instrument  shall  be  delivered  out  of  his  hands,  custody,  or  power,  can- 
cel or  obliterate  the  stamp  so  used,  by  writing  thereon  his  name  or  the 
initial  letters  of  his  name  so  and  in  such  a  manner  as  to  show  clearly  and 
distinctly  that  such  stamp  has  been  made  use  of,  and  so  that  the  same  may 
not  be  again  used :  and  if  any  person  who  shall  write  or  give  any  such 
receipt  or  discharge  or  make  or  sign  any  such  draft  or  order  with  any 
3c 


810 


8TAHP  DUTIKH. 


adhesive  stamp  t"hereon,  shall  not  bona  Ji<le  in  maimer  aforesaid  effoctually 
cancel  or  obliterate  such  etamp,  he  shall  forfeit  the  sum  of  teii  pounds. 
_  .  If  any  person  shall  fraudulently  get  oJBf  or  remove,  or  cause  or 
procure  to  be  gotten  off  or  removed,  from  my  paper  whereon 
any  receipt  or  any  draft  or  order  shall  be  written,  any  adheeiye 
stamp,  or  if  any  person  shall  affix  or  use  any  such  stamp  which  shall  have 
heen  gotten  off  or  removed  from  any  paper  whereon  any  receipt  or  any 
draft  or  order  shall  have  been  written,  to  or  for  any  receipt,  draft,  or 
order,  or  any  paper  whereon  any  such  receipt,  draft,  or  order  shall  be  01 
be  intended  to  be  written  ;  or  if  any  person  sliall  do  or  practise,  or  be  mn- 
cemed  in  any  fraudulent  act,  contrivance,  or  device  whatever,  not  specially 
provided  for  by  this  or  some  other  Act  of  Parliament,  with,  intoit  or  de- 
sign to  defraud  .Bjer  Majesty  of  any  duty  by  this  act  granted  upon  receipts 
or  upon  diafts  or  ordeis,  every  person  so  offending  in  any  of  the  said 
several  cases  shall  forfat  the  sum  of  twenty  pounds. 

For  better  securing  the  stamp  duties  by  law  chargeable  on  policies  of 
insurance  upon  lives,  and  for  preventing  frauds  in  respect  of  any  such 
insurances: 

^  Every  person  who  shall  make  or  agree  to  make,  or  shall  re- 

j£.  ceive  any  premium  or  valuable  consideration  for  making,  any 
assurance  or  iufiurance  upon  any  life  or  lives,  or  upon  any  event 
or  contingency  relating  to  or  depending  upon  any  life  or  lives,  shall,  within 
one  calendar  month  after  the  payment  or  giving  of  any  such  premium  or 
consideration,  maike  out  and  sign  or  execute,  or  cause  and  procure  to  be 
made  out  and  signed  or  executed  upon  vellum,  pardiment,  or  paper,  duly 
stamped,  a  policy  of  such  assurance  or  insurance,  and  have  the  same  ready 
to  be  delivered  to  the  party  entitled  thereto,  and  shall  upon  demand  made 
by  any  such  party,  or  any  a,Q:ent  in  that  behalf  duly  authorized,  deliver  the 
same  to  him,  or  in  default  in  any  of  the  cases  aforesaid  shall  lorteit  the 
sum  of  fifty  poundjB : 

Every  person  who  at  the  time  of  the  payment  or  giving  of  any  such 
premium  or  consideration  shall  be  a  managing  director  of  or  the  secretary 
to  or  other  principal  officer  of  any  society  or  company  receiving  any  audi 
premium  or  consideration,  shall  be  deemed  to  be  a  person  maUng  or 
agreeing  to  make  such  insurance  or  insurance,  and  shall  be  subject  and 
liable  to  the  penalty  by  this  act  imposed  for  any  pneh  default  m  aforesaid. 
.  ,  ,     ,       Whereas  by  an  act  pasdnd  in  tlie  fifty-fifth  year  of  the  reisrn 

ArtiflfiM  of  ^.  .  '  ^ 

clerkship  to  of  King  George  the  Third,  chapter  one  hundred  and  eighty-four 
attanqni.  ^j^jj^n  gtamp  duties  are  imposed  on  any  articles  of  clerkehip  or 
contract  whereby  any  person  shall  first  become  bound  to  serve  as  a  derk 
in  order  to  his  admission  as  an  attorney  or  solicitor  in  any  court ;  that  is 
to  say,  in  order  to  admission  in  any  of  tiie  Courts  at  WeglmMuter,  the  stamp 
duty  of  one  hundred  and  twenty  pounds^  and  in  order  to  admission  in  any 
of  the  Courts  of  the  OoTinties  Palatine,  the  stamp  duty  of  sixty  pounds: 
And  whereas  where  any  person  has  become  bound  and  has  served  as  a 
clerk  under  any  such  articles  or  contract  biainped  with  the  said  duty  of 
sixty  pounds  in  order  to  his  admit^dion  as  an  attorney  or  solicitor  in  any  of 
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the  CJourts  of  th^  Coontiefl  P^tine,  he  is  capable  of  being  admitted  in  any 
of  Her  MajeBtyB  CoiirtB  at  WeOnmster,  hat  only  upon  the  payment  of  the 
farther  stamp  dn^  of  one  hundred  and  tirenty  pounds ;  and  it  is  acpedient 
to  afTord  relief  in  %uch  cases : 

Where  any  per^n  shall  have  beconie  hound  as  a  derk  in  order  to  his 
admission  as  an  attorney  or  solicitor  in  any  of  the  Courts  of  the  CoimtieB 
Palatine  by  articles  or  co-ntract  stamped  with  the  said  duty  of  sixty  pounds, 
then  upon  ]>a}T^n(nit  of  pnch  fiirtlier  sum  of  money  as  with,  the  said  duty  of 
sixty  pomids  will  make  up  tlie  tiill  stamp  duty  wliich,  at  the  date  of  such 
articles  or  contract,  was  payable  by  law  on  articles  of  clerkship  in  order  to 
admission  in  any  of  the  Oourts  at  Wetimingter,  it  shall  be  lawful  for  the 
Commissioners  of  Inland  Revenue  and  they  are  hereby  required  to  stamp 
the  said  articles  or  contract  vrith  a  stamp  or  stamps  to  denote  such  further 
duty,  and  thereupon  such  ar^des  or  ooutract  shall  be  as  valid  and  effectual 
for  entitling  such  person  to  admission  in  any  of  the  Courts  at  Wesfminster 
aB  if  the  same  had  been  duly  stamped  with  sudi  fall  duty  in  the  first 
instance. 

And  wherea3  by  an  act  passed  in  the  forty-eighth  year  of  the  reign  of 
King  Ga>rge  the  Third,  chapter  one  hundred  and  forty-nine,  section  thirty- 
eight,  persons  intromitting  with  or  entering  upon  the  possession  or  manage- 
ment of  any  personal  or  moveable  estate  or  effects  in  SooUand  of  any 
person  dying,  are  required  to  exhibit  a  full  and  true  inventory,  duly 
stamped,  to  be  recorded  as  in  the  said  act  is  provided,  of  all  the  personal 
or  moveable  estate  and  efiects  of  the  deceased  already  recovered  or  known 
to  be  existing;  and  if  at  anv  subsequent  period  a  discovery  shall  be  made 
of  any  other  effects  belonging  to  the  deceased,  an  additTonal  inventory  of 
the  same  is  in  lil<e  manner  to  be  exliihited  and  recorded;  and  every  such 
additional  inventory  is  chargeable  by  law  with  the  full  ad  valorem  stamp 
duly  payable  in  respect  of  the  total  amonnt  or  value  of  the  estate  and 
effects  specified  therein,  and  in  any  such  former  inventory ;  and  thereupon 
the  party  exhibiting  the  same  is  entitled  to  receive  hack  the  amount  of  the 
stamp  duty  pud  on  such  former  inventory ;  and  it  is  expedient  to  prevent 
the  inconvenifflice  attending  die  over-payment  of  the  stamp  duty  in  such 
enses  by  charging  on  any  such  additional  inventory  the  d^cient  stamp 
duty  only. 

Every  such  additional  inventory  to  lie  marb^  and  recorded  as  „  . 

-     _  For  mvea- 

aforesaid  shall  be  diargeablc  only  with  such  amount  of  sstamp  ^^j^^^ 
duly  88,  together  with  the  stamp  duty  charged  upon  any  ibr- 
mer  duly  stamped  inventory  of  the  estate  and  effects  of  the  same  deceased 
person  ahready  exhibited  and  recorded,  shall  make  up  the  full  amount  of 
stamp  duty  chargeable  by  law  in  respect  of  the  total  amount  or  value  of  all 
the  estate  and  <  ffe(  ts  of  the  said  deceased  specified  in  the  said  additional 
and  any  such  former  inventory.  . 

No  lieense  trranted  to  any  spiritual  per?on  to  perform  divine  pcrvic^  in 
any  building  approved  by  the  bishop  in  lion  of  anvchurcli  or  chapel  whii&t 
the  same  is  imder  repair  or  is  rebuilding,  or  in  any  bnihiing  so  approved 
for  tile  convenience  of  the  inhabitants  of  a  parish  resident  at  a  distance 
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from  the  oburch  or  consecrated  chapel,  Bhall  be  chargeable  with  any 
stamp  duty. 

And  whereas  by  the  said  act  passed  in  tlie  lift\ -fiftli  year  oftlio  reign  of 
King  George  the  Third,  it  is  provided  thar  wVier-'  anyju-operty  isb-.  idand 
CODveyed  subject  to  any  debt  or  sum  of  money  to  be  alter\A'aidb  paid  by 
the  purcbiiscr,  the  aame  ahall  be  deemed  to  he  purchase  or  consideration 
money  in  respect  whereof  the  said  ad  valorem  duty  charged  upon  the  sale 
and  conveyance  of  property  is  to  be  piud :  And  whereas  it  has  been  held 
and  determined  that  the  said  ad  valorem  duty  is  payable  in  respect  of  any 
such  sum  or  debt  only  where  the  purchaser  is  personally  liable  or  bound, 
or  undertakes  or  agrees  to  pay  the  same  or  to  indemnify  the  vendor  against 
the  same;  and  it  is  expedient  to  filter  and  amend  the  law  m  tin"?  respect : 
Sale  iiid  ^^'^lere  any  laiuls  or  otlicr  property  '■hall  be  sold  and  conveyed 

flopve^aMc  Sill >jcct  to  any  mortgaire,  wadset,  or  bond  or  other  debt,  or  to 
any  gross  or  entire  sum  uf  money,  suck  sum  of  money  or  debt 
shall  be  deemed  the  purchase  or  consideration  money,  or  part  of  the  pur- 
chase or  consideration  money,  as  the  case  may  be,  in  respect  whereof  the 
said  ad  valorem  dnty  shall  be  paid,  notwithstanding  the  purchaser  shall 
not  be  or  become  persondly  liable  or  shall  not  undertake  or  agree  to  pay 
the  same  or  to  indemnify  tlic  vendor  or  any  person  agiunst  the  same,  any. 
thing  in  any  act  or  otherwise  to  the  contrary  notwithstanding. 

And  whcrrn"  it  has.  been  adjudged  and  dotoiTninod  by  law  that  upon  the 
sale  of  prapi'i  ty.  wher^  the  consideration  expressed  in  tke  convcymife  is  a 
rent  oiiarge  or  an  aniiuity,  made  subject  to  redemption  or  repxuvliase,  ad 
valorem  stamp  duty  ia  eliarijcable  under  the  act  passed  in  the  Session  of 
Parliament  held  in  the  thirteenth  and  fourteenth  years  of  Her  Majesty, 
chapter  ninety-seven,  only  where  such  redemption  or  repurcliase  may  be 
enforced  at  the  option  of  the  vendor,  and  it  is  expedient  that  such  duty 
should  be  chargeable  in  all  cases  where  such  rentcharge  or  annuily  ismade 
redeemable. 

In  any  case  where  property  shall  be  sold  and  conveyed  in  consideration 
of  an}'-  rentrhara:c  or  annuity,  or  any  annual  or  periodioal  payment  to  be 
mad*'  pcrmiinently  or  for  ivny  indefinite  pt  riod.  po  that  ilie  total  amount  of 
the  money  to  be  paid  for  such  pr<-p?'rty  oaiiiiot  hi-  prrviuiiFly  ascertained, 
which  rentcharge,  annuity,  or  other  payment  shall  Le  made  subject  to 
redemption  or  purchase  upon  terms  and  conditions  specified  in  the  deed  or 
instrument  whereby  the  property  sold  shall  be  conveyed  to  or  vested  in. 
the  purdiaser,  or  any  person  by  his  direction,  the  money  or  the  considera> 
tion  mentioned  in  the  said  deed  or  instrument  as  that  on  payment  or  trans- 
fer, delivery  or  satisfaction,  of  which  the  said  rentcharge,  annuity,  or 
other  payment  shall  Tw  redeemed  or  purchased  or  repurchased,  or  shall 
cease  to  bo  payable,  shall  be  deemed  to  be  the  p'lrchasp  mour}'  or  con- 
sideration on  the  sale  of  the  said  property  so  )ld  and  conveyed,  and  in 
r^pect  of  which  la8t-mentioiicd  ]nnTh.i?o  niouoy  or  consideration  the  ad 
valorem  duty  shall  be  chargeable  •  and  where  aiiy  such  last-mentioned 
consideration  shall  consist  wholly  or  in  part  of  any  stock  or  security  men- 
tioned in  the  said  act,  the  value  thereof  shall  be  ascertained  as  in  such  act 
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18  in  tliat  behalf  provided ;  and  where  any  such  annuity,  renkcfaarge^  or 
other  payment  aforeaaid  shall  be  made  sulject  to  redemption  or  pnrchaae 

or  repnrcliase  or  discontinuance  upon  payment  or  aatiflfSEM^tion  of  any  money 
or  valne  to  be  ascertained  or  calculated  in  mamier  provided  in  the  said 
deed  or  instrnment,  the  amount  of  such  money  or  value  shall,  for  the  pur- 
pose of  cLarging  the  said  ad  valorem  duty,  be  ascertained  or  calculated 
as  in  auch  deed  or  iiiHtrument  shall  be  eo  provided. 

And  whereas  by  the  said  act  of  the  thirteenth  and  fourteenth  years  of 
Her  Majesty,  chapter  niuety-sevan,  a  atamp  duty  of  five  shillings  was 
granted  and  imposed  upon  tiie  duplicate  or  counterpart  of  any  deed  or 
instrument  chargeable  with  stamp  duty  (ezclusiye  of  progressive  duu  j  to 
the  amount  of  five  shillings  or  upwards ;  and  it  is  provided  that  in  sndi 
case  the  duplicate  or  counterpart  shall  not  be  available  unless  stamped 
with  a  particular  stamp  for  denoting  or  testifying  the  payment  of  the  full 
and  proper  stamp  dnty  on  the  original  deed  or  instrument ;  and  it  is  ex- 
pedient to  dispense  with  the  said  particular  stamp  on  counterparts  of 
leases  : 

Jl^otwithstandiiig  anything  contained  in  the  Baid  act,  the  counterpart  of 
my  lease  of  lands,  tenements,  or  hereditaments,  being  duly  stamped  with 
the  said  stamp  duty  of  five  shillings,  or  any  higher  stamp  duty  (exclusive 
of  progressive  duty),  and  not  being  executed  or  signed  by  or  on  the  be- 
half  of  any  lessor  or  grantor,  shall  be  available  as  a  counterpart  without 
being  stamped  with  a  particular  stamp  for  denoting  or  testi^nng  the  pay- 
ment  of  the  stamp  duty  chargeable  on  Hhe  original  lease. 

And  whereas  hy  the  said  act  of  the  thirteenth  and  fourteenth  years  of 
Her  Majesty,  when  any  deed  or  instrument  shall  be  presented  to  the 
Commi.-;.si<iner.s  of  Inland  Revenue,  and  the  tee  of  ten  shillings  sliall  bo 
paid  to  them  for  their  opinion  as  to  the  stamp  duty  with  which  such  deed 
or  instrument  in  their  judgment  is  chargeable,  the  said  commissioners  are 
required  to  assess  and  charge  the  stamp  duty  on  such  deed  or  instrument, 
and,  on  the  same  being  duly  stamped,  to  impress  thereon  a  particular 
stamp  to  signify  and  denote  that  the  full  amount  of  stamp  duty  with  which 
such  deed  or  instrument  is  by  law  charg^cable  has  been  paid:  And 
■whereas  tlie  said  Commissioners  are  not  authorized  to  impress  a  particular 
Btamp  upon  any  deed  or  instrument  not  chargeable  with  any  stamp  duty 
in  order  to  denote  that  the  same  is  not  so  chargeable;  and  it  is  expedient 
that  2)rovision  should  be  made  for  that  purpose. 

It  shall  be  lawful  for  any  person  to  present  to  the  said  commissioners 
any  deed  or  instrument,  and  upon  payment  of  the  fee  of  ten  shillings,  as  in 
the  said  act  is  mentioned,  to  require  their  opinion  whether  or  not  the  same 
is  chargeable  with  any  stamp  duty,  and  if  the  said  comnussioners  shall  be 
of  opinion  that  such  deed  or  instrument  is  not  chargeable  with  any  stamp 
duty,  it  shall  be  lawful  for  them  and  they  are  hereby  required  to  impress 
thereon  a  particular  stamp,  to  be  provided  by  them  for  that  purpose,  with 
such  word  or  words,  or  device  or  symbol  thereon  as  they  shall  think  pro- 
per in  that  behalf,  which  shall  signify  and  denote  that  such  deed  is  not 
chargeable  with  any  stamp  duty ;  and  every  such  deed  or  instrument  upon 
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wliich  the  said  stamp  shall  be  impressed  shall  be  deemed  to  be  not  so 
chargeable,  and  shall  be  rncei-vablc  in  evidence  in  all  courte  of  law 
and  equity,  notwithstanding  auy  olijoction  made  to  the  same  as  boiug 
chargeable  with  slafiip  duty,  and  not  stamped  to  denote  the  same  :  Pro- 
vided always,  that  if  the  ^id  commissioners  shall  aggess  and  charge  any 
stamp  duty  upon  or  in  respect  of  any  such  deed  or  instrument,  and  the 
party  presenting  the  same  and  paying  sncli  duty  shall  declare  himself 
dissatisfied  with  their  determination,  it  shall  be  lawful  for  him  to  appeal 
against  the  same  to  Her  Mi^eety's  Oourt  of  Exchequer,  on  tlie  terms  and 
in  the  manner  in  the  said  act  provided ;  and  the  said  court  shall  hear  and 
determine  the  appeal,  and  decide  whether  the  said  deed  or  in^tniment  is 
charp^eable  with  any,  and  if  any,  what  stamp  duty ;  and  if  the  court  sludl 
be  of  opinion  that  the  same  is  not  so  chargeable,  or  ia  chargeable  \vitil  a 
h'>ss  amount  of  duty  than  shall  have  l.)een  a.ssesserl  and  charged  thereon, 
then  the  amomit  of  Buch  duty  or  oi  the  excesa  (ad  the  catsc  may  he)  shall 
be  returned  to  the  appellant,  together  with  the  sum  deponted  as  in  the 
said  act  mentioned ;  and  if  the  court  shall  be  of  opinion  that  any  further 
duty  is  diaigeable  on  the  said  deed  or  instrument,  such  further  duty  shall 
be  paid  to  the  said  commissioners,  and  the  court  shall  order  and  enforce 
the  payment  thereof  aooordingly. 

A  nd  whereas  it  would  facilitate  the  transfer  of  the  bonds  and  mortgages 
given  by  public  companies  under  the  provisions  of  Acts  of  Parliament  as 
securitiea  for  money  which  such  companies  arc  by  the  said  acts  expressly 
empowered  or  authorized  to  Iiorrow,  if  the  transfers  or  assignments  of 
6uch.  bonds  or  mortgages  were  endorsed  thereon,  and  were  exempted  from 
stamp  duty,  and  it  is  expedient  to  grant  such  exemption  in  consideration 
of  a  composition  stamp  duty  being  paid  on  such  bonds  and  mortgages 
on  the  original  making  and  issaing  thereof,  in  lieu  of  the  stamp 
duty  with  which  such  transfers  or  assignments  would  otherwise  be 
chargeable : 

Transfers  of  Whoro  ou  the  Original  making  and  issuing  of  any  such  bond 
boiHto  and  or  mortgage  as  aforesaid,  and  before  any  transfer  or  assignment 
thereof,  the  same  shall  be  stamped  witli  an  amount  of  stamp 
duty  equal  1o  three  times  the  amount  of  the  ad  valorem  stamp  duty 
chargeable  thereon  by  law,  and  over  and  above  the  said  ad  val(/rem  duty, 
then  every  transfer  or  assignment  thereafter  made  of  »uch  bond  or  mort- 
gage by  coidorsement  thereon  shall  be  deemed  to  be  exempt  from  the  stamp 
duly  which  would  otherwise  be  payable  in  respect  of  such  transfer  or  as- 
signment :  Provided  always,  that  nothing  herein  contained  shall  extend  to 
exempt  any  such  transfer  or  assignment  from  any  stamp  duty  to  whidi  it 
may  be  liable  as  a  settlement  of  the  money  or  stock  secured  by  such  bond 
or  mortgage,  or  any  portion  thereof. 

And  whereas  it  is  desirable  to  facilitate  the  purchase  of  stamped  paper, 
covers,  or  envelopes,  and  of  other  stamps  for  expressing  or  denoting  the 
rates  or  duties  of  postage  (all  of  w  hich  are  hcreiuafter  designated  as  post- 
age stam]^),  and  for  that  pnipoae  to  enable  certala  persons  in  the  service 
of  the  Post  Office  to  sell  postage  stamps  without  having  any  such  license 
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aa  ihe  Iswb  now  in  force  require  in  that  behalf  and  wiOioat  being 
subject  or  liable  to  any  penalty  for  carrying  about  postage  stamps  for 
sale: 

It  Hliall  be  lawful  for  tbe  Postmaster  General  by  writing  under 
bis  hand  to  auihonzQ  and  appoint  any  person  in  the  service  or  fh"^ei  h}' 
omployment  of  the  Post  Office  to  sell  postage  Btampsat  any  par-  g^^'^  j'^u'".  , 
ticular  house  or  place  to  be  specified  for  that  purpose,  and  also 
auy  mcBsenger  or  other  person  employed  in  tlie  delivery  of 
letters  sent  by  post  to  carry  about  fur  eaie  and  to  sell  at  auy  place  postage 
stamps,  and  idl  such  persons  shall,  during  the  period  that  such  authority 
and  appointment  shall  remain  in  force  and  unrevoked,  without  any  liceuBe 
or  any  authority  other  than  last  aforesaid,  be  at  liberty  to  sell  at  any  house 
or  place  to  be  specified  aa  aforesaid,  or  if  so  authorized,  to  carry  about  for 
sale  and  sell  at  any  place,  any  postage  stamps,  and  siicb  persons  respectively 
shall  not  be  snl^ect  or  liable  to  any  penalty  or  forfeiture  for  so  doing,  any* 
thing  in  any  act  or  acts  to  the  contrary  notwithstanding. 

And  whereas  bv  an  act  passed  in  the  ninth  year  of  the  reitni 

^  _  I-or  prevent- 

of  King  George  the  Fourtli,  chapter  eighteen,  granting  stauip  '"e  the  e.^ 
duties  upon  playing  carda  made  fit  for  sale  or  use  in  the  United  duties  on 
Kingdom,  such  duties  to  be  denoted  on  the  ace  of  spades  of  each  v^"*^**^ 
pack  of  cards,  it  is  enacted  that  no  pla>dng  cards  shall  be  sold  as  waste 
cards  unless  a  corner  of  each  card  shall  be  cut  off  at  least  half  an  inch  in 
depth,  and  other  provinons  are  therein  contained  for  securing  the  raid 
duties :  And  whereas  packs  or  parcels  of  cards  fit  and  intended  for  use 
and  play,  but  not  containing  an  ace  of  spades  duly  stamped,  are  commonly 
sold  under  the  pretence  of  being  waste  cards,  each  of  such  cards  having  a 
corner  cut  o&,  whereby  the  said  duties  are  evaded ;  and  it  is  expedient  to 
prevent  .sTich  practice  : 

JNo  playing  cards,  except  such  as  shall  be  bana  Jide  spoiled  and  rendered 
unfit  for  use  as  play  ing  cards  in  the  process  of  manufacture,  and  which 
shall  haye  a  corn^  cut  off  as  in  the  said  last-mentioned  act  is  provided, 
nor  any  cards  commonly  called  or  known  as  picture  cards  or  court  cards, 
shall  be  deemed  to  be  waste  cards ;  and  no  playing  car^,  except  waste 
cards,  shall  be  sold  otherwise  than  in  packs  each  pack  containing  fifly-two 
cards  of  the  four  usual  suits  of  thirteen  cards  each,  inclnding  an  ace  of 
spades  duly  stamped  for  denoting  the  duty  by  the  said  act  granted  on  a 
pack  of  cards,  and  tied  up  together  in  manner  directed  hy  the  said  act ; 
and  if  any  person  shall  sell  or  expoBc  or  keep  for  sale  any  playing  cards, 
not  being  a  pack  of  cards  as  aforesaid,  and  the  same  not  being  bond  Jide 
waste  cards  within  the  meaning  of  this  act^be  shall  for  every  pack,  parcel, 
or  separate  quantity  of  cards  so  sold  or  exposed  or  kept  for  sale  forfeit,  if 
he  shall  not  be  a  licensed  maker  of  jdaying  cards,  the  sum  of  ten  pounds, 
and  if  he  shall  be  sncb  licensed  maker  tiie  sum  of  twenty  pounds ;  and  all 
cards  so  sold  or  exposed  or  kept  for  sale  shall  be  forfeited,  and  may  be 
seised  and  taken  by  any  Officer  of  Inland  Hevenue,  and  be  disposed  of  as 
the  Commissioners  of  Inland  "Revenne  shall  direct :  provided  that  if  in  any 
proceeding  any  question  shall  arise  whether  any  cards  are  or  were  bond 
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fidA  waste  cards  or  not»  proof  of  the  affimuttxve  thereof  sliaU  lie  on  the 
party  selling  tlie  same  or  bavuig  or  keeping  the  same  for  gale. 

And  whereas  by  an  act  passed  in  the  session  held  in  the  seYenth  and 
eighth  years  of  the  reign  of  King  George  the  Ponrth,  chapter  fifty-three, 

OfJicers  of  Excise  and  persons  employed  in  the  collection  or  management 
of  or  accountinj^  for  the  revenue  of  excise  are  exempted  from  perving  aa 
mayor  or  sheriff,  or  in  any  corporate  or  parochial  or  other  public  office  or 
employment,  or  on  any  jury  or  inquest,  or  in  the  Militia ;  and  it  is  expe- 
dient to  extend  the  same  to  all  other  officers  appointed  by  or  under  the 
Oommisnoners  of  Inland  Revenue. 

No  officer  or  person  appointed  by  the  Commissioners  of  Inland  Revenue, 
or  employed  by  them  or  under  their  authority  or  direction  in  any  way  re- 
lating to  any  of  the  duties  under  their  care  or  management  shall,  so  long 
as  he  shall  continne  in  and  exercise  puch  last-mentioned  office  or  employ- 
ment, be  compelled  to  serve  as  mayor  or  sheriff,  or  in  any  of  the  offices, 
employments,  or  capacities  in.  the  said  act  and  herein  before  in  that  behalf 
mentioned. 

Y^re  any  person  shall  be  possessed  of  any  stamps  rendered 
Auownee  useless  by  this  act,  it  shall  be  lawful  for  the  Oonuniaaioners  of 
ttu^pTott    Inland  Revenue,  on  application  to  them  or  to  their  proper  officer 


in  that  behalf,  at  any  time  within  six  calendar  months  after  the 
commencement  of  this  act  to  cancel  imd  make  allowance  for  the  same,  as 
in  the  case  of  spoiled  stamps,  after  deducting  the  discount  by  law  granted 

on  the  purchase  of  receipt  etamps. 

Provided  always,  that  any  draft  or  order  drawn  upon  a  banker 
teateau^  for  a  sum  of  money  payable  to  order  on  demand  wbicb  shall, 
when  presented  for  paynieiit,  purport  to  be  eudorscd  by  the 
person  to  whom,  the  ^uxt  Bhali  be  drawn  payable^  bhall  be  a  sufficient 
authority  to  such  banker  to  pay  the  amount  of  such  draft  or  order  to  the 
bearer  thereof ;  and  it  shall  not  be  incumbent  on  such  banker  to  prove  that 
such  endorsement,  or  any  subsequent  endorsement,  was  made  by  or  under 
the  direction  or  authority  of  the  person  to  whom  the  said  draft  or  order 
was  or  is  made  payable  either  by  the  drawer  or  run'  endorser  thereof. 

And  whereas  by  an  act  passed  in  the  Session  of  Parliament  held  in  the 
fifth  and  sixth  years  of  Her  Majesty's  reigii,  chapter  eij?hty-t\vo,  ci;rtain 
rates  and  duties  denominated  stamp  duties  v.  er(:  LM'anted  and  made  jjayaltle 
in  Ireland  for  a  limited  term;  and  by  four  several  acts  passei  I  respectively 
in  the  eighth,  eleventh,  fourteenth,  and  fifteenth  years  of  Her  Majesty's 
reign  the  same  rates  and  duties  were  continued  for  four  other  several  and 
successive  terms,  the  last  of  which  will  expire  on  the  tenth  day  of  October 
one  thousand  eight  hundred  and  My-three ;  and  it  is  expedient  to  make 
the  said  rates  and  duties  perpetual : 

All  the  several  sums  of  money  and  duties  and  composition 
SISSmSl.*^  for  duties  granted  and  made  payable  in.  Ireland  by  the  eaid  act 
of  the  fifth  and  sixth  years  of  ITer  Majefity,  chapter  eighty -two, 
and  not  repealed  by  any  Bubseqiieut  act,  and  also  all  duties  now  payable  in 
lieu  or  instead  of  any  of  the  said  duties  which  may  have  been  so  repealed^ 
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^  eliall  be  and  tlie  same  are  hereby  coutinued  and  made  perpetual,  and  pball 
be  charged,  raised,  levied,  collected,  and  paid  unto  and  for  the  use  of  lier 
Majesty,  her  heirs  and  sticoeBsors  for  ever :  The  said  act  of  the  fifth  and 
sixth  years  of  Her  Mtg'esty,  and  all  and  every  other  act,  and  acts  now  in 
force  in  relation  to  the  duties  and  composition  for  duties  which  are  con- 
tinued by  this  act,  shall  severally  be  continued  and  remain  in  full  force  in 
all  respects  in  relation  to  the  said  duties  and  composition  for  duties  hereby 
coiitiuiu  «1  and  granted,  and  all  and  every  the  powers  and  authorities,  rules, 
regulations,  directions,  penalties,  forfeitures,  clauses,  matters,  and  thincs 
Coiitaiiiod  in  the  said  acU  or  any  of  them,  and  in  force,  as  af  tresaid,  shall 
severally  and  respectively  be  duly  observed,  practiced,  aiijilied,  and  put  in 
execution  in  relation  to  the  said  duties  aud  compusitiou  for  duties  hereby 
continued  and  granted,  for  the  charging,  raising,  levying,  paying,  accomit- 
ing  for,  and  securing  of  the  said  duties  and  composition  for  duties,  and  all 
arrears  thereof,  and  for  the  preventing,  detecting,  and  punishing  of  all 
frauds,  forgeries,  and  otiier  offences  relating  thereto,  as  fully  and  effectually 
to  all  intents  and  purposes  as  if  the  same  powers,  anthorities,  rules,  re- 
latione, directions,  penalties,  forfeitures,  clauses,  matters,  and  things  were 
particularly  repeated  and  rc -enacted  in  the  body  of  this  act  with  reference 
to  the  said  duties  and  compositioji  for  duties  hereby  granted. 


The  Schedule  re/erred  tohyfkU  Act. 

Duty. 

Apprenticealiip  and  Clerkship. — Indenture  or  other  instrument  or  writing  £  a.  d, 
oontaining  the  covenants,  uticleB,  or  agreements  for  or  relating  to  the 
eei-rice  of  any  apprentice,  clerk,  or  servant  vbo  shall  be  put  or  placed 
to  or  with  any  master  or  mistress,  or  to  or  with  any  new  master  or 
mifttress,  either  by  assiguuient,  transfer,  or  tum-over,  or  upon  the 
death,  absence,  or  inoapadly  of  the  former  master  or  mistresB,  or  other- 
wise,  to  learn  any  profearion,  trade,  or  employment  whatsoever  (ex- 
cept articlps  of  clerkship  or  apprenticeship  to  any  attorney,  solicitor, 
or  other  pcnsou  iti  order  to  admi^aiuu  in  any  court,  or  in  any  office  in 
any  court},  or  any  writing  whatever  (ezoept  as  aforesaid)  wherel^any 
such  asdgmnent,  transfer,  or  tnm-over  may  be  e^etuated  or  {as- 
certained; 

Where  no  sum  of  money  or  other  matter  or  thing  bhall  be  paid, 
given,  aaqgned,  or  eonveycd,  or  be  secured  to  be  paid,  given, 
aasigiied,  or  oonveyed  to  or  for  the  use  or  benefitof  the  master 
or  mistress,  with  or  in  respect  of  any  apprentioe,  clerk,  or 

servant  086 

Debenture  or  certificate  for  entitling  any  person  to  reoeiTe  ai^  drawback 
of  any  duty  or  duties,  or  part  of  any  duly  or  duties  of  customs  or  «z- 
ciFP,  or  any  bounty  payable  out  of  the  revenue  of  customs  or  excise, 
for  or  in  respect  of  aity  goods,  wares,  or  merchandise  exported  or 
shipped  to  be  exported  from  any  part  of  the  United  Kbigdom  to  aiqr 
part  beyond  the  sea ; 

'Where  the  drawbadt  or  bounty  to  be  receiYed  shall  not  exceed 

ten  pounds  010 

Where  the  same  shall  exceed  ten  pounds  and  not  exceed  fifty 

pounds  026 

And  where  the  same  shall  exceed  fifty  pounds  0  5  0 
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Daly. 
£  «.  d.  • 

Draft  r>r  ovAer  for  the  payment  of  anj  aom  of  money  to  the  bearer  or  to 

order,  oa  demand  001 

And  the  followhig  batmmenta  AM  he  deemed  and  taken  to  be 
drafts  or  oirden  ibr  the  payment  of  money  within  the  intent  and 

meaning  of  tliis  act,  and  of  any  act  or  acta  relating  to  the  stamp 
duties  ou  billB  of  exchange,  drafts,  or  orders,  and  shall  he 
ohai]geebIe  aoooidiiigly  with  the  atamp  ditties  impoeed  by  thie 
act  or  any  such  act  or  acts ; 

All  docTiments  or  wiiting.H  unually  termed  Letters  of  Credit, 
or  whereby  any  person  to  whom  any  auch  document  or 
writingis  or  laiirtendedto  be  ddiTered  or  aent  shall  be  en-^ 
titled,  or  be  intended  to  he  entitled  tri  have  credit  with,  or 
in  account  with,  or  to  draw  upon  any  a^&s:  person  for,  or 
to  receive  from  such  other  person  any  som  of  money  tbsrcin. 
mentionedt 


Exen^pHoM  frcm  ihe  Dutie$  on  DraJU  or  Onfori . 

All  drafts  or  orden  for  the  payment  of  money  to  the  bearer  on 
demand,  drawn  upon  any  banker  ot  bankera,  now  by  law 
exempt  from  stamp  duty. 
All  letters  of  credit,  whether  in  sets  or  not,  sent  by  peraons  in 
the  United  Kingdom  to  penons  abroad  avthoridng  drafts  on 
the  United  Kingdom. 
Policy  of  assurance  or  iwnrane©,  or  other  instrument,  by  whateyer  name 
the  aame  shall  be  called,  whereby  any  inanranoe  shall  be  made  upon 
any  life  or  lives,  or  upon  any  event  or  oontfaigency  relating  to  or  de- 
pending npon  any  life  or  lives ; 

Where  the  sum  insured  shall  not  exceed  five  hundred  pounds ; 
Then  for  eveiy  fifty  poonds,  and  any  fractional  part  of 

fiftypomub   006 

And  where  it  shall  exceed  five  hundred  pounds,  and  shall  not 
exceed  one  thousand  pounds ; 

Then  for  eveiy  one  hundred  poimda,  andaoy  fractlomd  part 

of  one  hundi'ed  pounds  010 

And  where  it  shall  exceed  one  thousand  prmnds  ; 
Then  for  evezy  one  thousand  pounds,  and  any  fractional  part 

of  one  thoiuand  pounds  0  10  0 

Receipt  or  discharge  given  for  or  upon  the  payment  of  money  ^iwftw«*™g 

to  two  poonda  or  apwatds  001 


Receipt.'?  given  for  money  depoplt^^d  in  any  Bank,  or  in  the  hands 
of  any  banker,  to  be  accounted  for,  whetlier  with  interest  or  not; 
provided  the  aame  be  not  ezpreased  to  be  received  of  or  by  the 
hands  of  any  other  than  the  person  to  whom  the  same  is  to  be  ac- 
counted for:  Provided  alwa^'^s,  that  this  exemption  .ehallnot.  extend 
to  reodpts  or  aduaowledgments  for  sums  paul  or  deposited  for  or 
upon  letters  of  allotment  or  aharea  or  in  respect  of  calls  iqpim  any 
Bcrip  or  aharea  of  or  in  any  Joint  Stock  or  other  Company  or  pn^poaed 
Of  intended  company,  which  eaid  last-mentioned  receipts  ot  ac- 
knowledgments, by  vhomsoever  given,  shall  be  liable  to  the  duty 
by  tlus  sot  charged  on  leesipts. 
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Repeal  of  certain  Staynp  DvAics,  and  to  grant  others  "in  lieu  thereof,  to 
give  relief  with  respect  to  tlie  Stamp  Duties  on  Newspapers  and  Sxip- 
plermnts  thereto,  to  repeal  the  Dutj  on  Advertuem&nUf  and  otherivise  to 
amend  th^  Lata  relating  to  Stamp  JJuties, 

Whereas  it  is  expedient  to  repeal  the  stamp  duties  now  payable  in  reBpcct 
of  the  several  instrnments,  matters  and  things  mentioned  or  described  in  the 
ecliedule  to  this  act  annexed, and  to  impose  other  stamp  duties  in  lieu  thereof, 
and  also  to  give  reliet'  with  respect  to  the  stamp  duties  on  newepapers  and 
supplements  thereto,  aad  otherwise  to  amend  the  laws  reladng  to  stamp 
duties,  and  to  repeal  the  duty  charged  on  advertisements :  Be  it  therefore 
enacted  by  the  Queen's  meet  Excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  lords  spiritual  and  temporal,  and  commons,  in  this 
present  parliament  assembled,  and     the  authority  of  the  same,  as  follows : 

From  and  after  the  passing  of  this  act  the  sevOTal  stamp  stamp  dutiet 
duties  now  payable  in  Great  Britain  and  Ireland  respectively,  mentJ^L^'thB 
under  or  by  virtne.  of  any  Act  or  Acts  of  Parliament  for  or  in  ncicd'^e- 
respect  of  the  several  instruments^,  matters  and  things  mentioned  peaied,  and 
or  described  in  the  schedule  to  thin  act  annexed,  and  whereon  eg^iojtw 
other  duties  are  by  this  act  granted,  shall  respectively  cease  and 
determine,  and  shall  be  and  the  same  are  hereby  repealed;  and  in  lieu  and 
instead  thereof  there  shall  be  granted,  raised,  levied,  collected,  and  paid 
in  and  throughout  the  United  Kingdom  of  Great  Britain  and  Irekmd,  to 
and  to  the  use  of  Her  Majesty,  her  heirs  and  successors,  for  and  in  respect 
of  the  several  instruments,  matters,  and  things  described  or  mentioned  in 
the  said  schedule,  or  for  or  in  respeet  of  the  vellum,  parchment,  or  paper 
upon  which  any  of  them  respectively  shall  be  written,  the  several  duties 
or  sums  of  money  set  down  in  figures  against  the  same  respectively,  or 
otherwise  specifiod  and  setfortli  in  the  said  Hchedule,  which  said  schedule, 
and  the  several  provisions,  regulations,  and  directions  therein  contained 
with  respect  to  the  said  duties,  and  the  instruments,  matters,  and  things 
charged  therewith,  shall  be  deemed  and  taken  to  be  part  of  this  act,  and 
shall  be  applied,  observed,  and  put  in  execution  accordingly :  provided 
always,  that  nothing  herein  contained  shall  extend  to  repeal  or  alter  any 
of  the  said  stamp  duties  now  payable  in  relation  to  any  deed  or  instru- 
ment which  shall  have  been  signed  or  executed  by  any  party  thereto,  or 
which  shall  bear  date  before  or  upon  the  paasing  of  this  act. 

The  said  duties  by  this  act  granted  shall  be  denominated  and  _, 

The  new 

deemed  to  be  stamp  duties,  and  shall  be  imder  the  care  and  datiestobe 
management  ol  the  Commissioners  oi  Iniand  Revenue  lor  the  sumpduucs, 
time  being ;  and  all  the  powers,  provisions,  clauses,  regulations, 
directions,  allowances,  and^exemptions,  finest  forfeitures,  pains,  and  pootal- 
ties  contained  in  or  imposed  by  any  act  or  acts,  or  any  echedide  thereto, 
relating  to  any  duties  of  the  same  kind  or  description  heretofore  payable 
in  Ghreat  Britain  and  Ireland  respectively,  and  in  force  at  the  time  of  the 
passing  of  this  act,  shall  respectively  be  in  full  force  and  ^fect  with  respect 
to  the  duties  by  this  act  granted,  and  to  the  vellum,  parchment,  and  paper, 
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iDStrumentfl,  matters,  and  tibdnga  diarged  and  chaigeaUe  therewitb,  and 
to  the  persons  liable  to  the  payment  of  the  said  dntiee,  so  iar  as  the  same 

are  or  shall  be  applicable  in  all  cases  not  hereby  expressly  provided  for, 
and  shall  be  observed,  applied,  allowed,  enforced,  and  put  in  execution 
for  and  in  tbe  raising,  levying,  collecting,  and  Bccuring  of  tlic  said  duties 
hereby  granted,  and  otherwise  in  relation  thereto,  so  far  as  the  same  shall 
not  he  superseded  by,  and  shall  be  consiBtent  with  the  express  provisions 
of  this  act,  aa  fully  ana  eflectually  to  all  ijitents  and  purposes  as  if  the 
same  had  been  herein  repeated  and  specially  enacted,  mutatis  mutandU, 
inth  reference  to  the  said  duties  by  this  act  granted. 
Am  to  dntiM  No  higher  stamp  dnty  than  one  pamy  shall  be  chargeable  on 
JS^^S^  any  newspaper  printed  on  one  sheet  of  paper  containing  a  sn- 
pioiT..  nt*.  pOTfides  not  exceeding  two  thousand  two  hmidred  and  ninety- 
five  inches : 

A  supplement  published  with  any  newspaper  duly  stamped  with  the 
duty  of  one  penny,  such  supplement  being  printed  on  one  sheet  of  paper 
only,  and  together  with  such  newBpapor  containing  in  the  aggregate 
a  superficies  not  exceeding  two  thoufiaud  two  hundred  andninety^ve 
inches,  shall  be  free  from  stamp  duly : 

Any  other  snpplement  to  any  audi  duly  stamped  newspaper  shall  not 
be  chargeable  widi  any  higher  stamp  du^  than  one  hal^enny,  provided 
it  does  not  contain  a  snperficies  exceeding  one  Ihonsand  one  hundred  and 
forty-eight  inches : 

And  any  two  supplements  to  any  such  duly  stamped  newspaper  shall  not 
be  chargeable  with  any  higher  stamp  duty  than  one  halfpenny  on  each, 
provided  each  of  such  Bupplementa  be  printe<l  and  puidished  on  one  sheet 
of  paper  only,  and  that  tlicy  contain  together  a  snperficies  not  exceeding 
in  the  aggregate  two  thousand  two  hundred  and  nuiety -five  inches : 

The  superficies  in  all  the  cases  aforesaid  to  be  one  side  only  of  the  sheet 
of  paper^  and  exdnsive  of  the  margin  of  the  letter  press. 
jjiMMiu*  Where  any  person  shall  be  possessed  of  any  stamps  for  news- 
JS^mST  papers  rendered  useless  by  this  act,  it  shall  be  lawful  for  the 
onbMid.  Commissioners  of  Inland  Bevenue,  on  application  to  them  or 
to  thdr  proper  officer  in  that  behalf,  at  any  time  \vithin  six  calendar 
months  after  the  commencement  of  this  act,  to  cancel  and  make  allowance 
for  the  same,  as  in  the  case  of  spoiled  stamps 

AfternwiaK  And  whereas  it  is  expedient  to  repeal  the  duties  now  pay- 
or tbis  artau  able  on  advertisements :  From  and  after  the  passing  of  this  act  the 
TtftiMineiitB  duties  uo  w  payable  under  any  act  or  acts  in  force  for  or  in  respect 
^  of  any  advertisement  contained  in  or  published  with  any  gazette 

or  other  newspaper,  or  contained  in  or  published  with  any  other  periodical 
paper,  or  in  or  with  any  pamphlet  or  literary^  work,  and  all  enactments, 
dauaes,  provisions,  and  regulations  for  levying,  collecting,  and  securing 
the  said  duties;  but  so  tut  only  as  they  relate  to  such  duties,  shall  respec- 
tivdy  cease  and  determine,  and  shall  be  and  the  same  are  hereby  repealed, 
save  and  except  as  to  any  of  the  said  duties,  which  shall  Lave  l)epr!  obprged 
or  incurred  on  or  before  the  day  of  the  passing  of  this  act,  and  any  arrear 
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thereof,  and  as  to  all  fines  and  penalties  inctiTred  or  which  may  be  in- 
ourred  in  respect  of  the  said  duties  or  arrears,  all  which  Riiid  duties  and 
arrears,  fines  and  penalties,  so  excepted  as  aforesaid,  siiaii  retspectively  he 
eued  for,  recovered,  levied,  paid^  and  applied  in  the  same  manner  as  if  this 
act  had  not  been  passed. 

Whereas  it  is  expedient  to  remove  doubts  which  have  arisen  JJ^^^^^^t 
as  to  the  stamp  duties  upon  assignments  of  Judgment  in  /re>  ^^*Jf]^^^"^^ 
land ;  and  it  is  also  expedient  to  reduce  the  stamp  duties  now  vritt  «f  at- 
chargeable  in  SeaUand  upon  writs  of  acknowledgment  by  per-  ^^bf*' 
eons  infcft  of  lands  in  favour  of  the  heirs  or  disponees  of  ere- 
ditors :  In  lieu  of  the  stamp  duties  now  payable  upon  the  instruments 
hcreiTiafter  mentioned  there  shall  be  chargeable  (besides  any  progressive 
dutiea  to  which  the  same  respectively  may  be  liable  by  reference  to  the 
head  of  progressive  duty  in  the  schedule  to  the  act  of  the  tJiirteenth  and 
fourteenth  years  of  her  present  Majesty,  chapter  ninety-seven,)  the  req^ec- 
tive  stamp  duties  following ;  (that  is  to  say,) 

For  and  upon  every  assigtunent  of  any  judgment  in  Irdemd,  one  pound  fifteen 
sMllings: 

And  for  and  upon  any  writ  of  acknowledgment  by  any  person  infeft  of  lands  in 
Scofland  in  ikvow  of  the  heir  or  disponee  of  a  creditor  fully  vested  in  right 
of  an  heritable  seounty  constituted  by  infeitment,  ten  ehillings. 

And  whereas  under  and  by  virtue  of  certain  Acts  of  Parliament  now 
in  force  the  governor  and  company  of  the  bank  of  Seatkmdf  and  the  royal 
bank  of  Scothmd  and  the  Bntish  linen  company  in  Scotland  are  respec' 
tivdiy  authorized  and  empowered  to  make  an  issue  and  re-issue  their 
promissory  notes  payable  to  hearer  on  demand  on  unstamped  paper,  giving 
security,  and  keeping  and  producing  true  accounts  of  all  the  notes  so 
issued  by  them  respectively,  and  accounting  for  and  paying  the  stamp 
duties  payable  in  respect  of  such  notes ;  And  whereas  it  is  expedient  to 
autliori/c  and  empower  the  eommissionera  of  Her  Majesty's  Treasury  to 
compound  with  the  said  banks,  as  well  as  all  bankers  in  jScotland,  for  tlie  stamp 
duties  on  ilicir  promissory  notes  payable  to  bearer  on  demand,  as  well  as 
for  stamps  payable  on  their  bills  of  exchange :  It  shall  be  lawful  for  the 
Commissioners  of  Her  Majesty*s  Treasury  for  the  time  being,  ^^^^^  ^ 
or  any  three  of  them,  and  they  are  hereby  authorized  and  em-  Tre^jurv  to 

1  ~         n  tt  coinjjound 

powered  to  compound  and  agree  with  the  said  governor  and  v^  itiibank>!r« 

company  of  the  bank  of  SooUandi  and  the  royal  bank  of  Scot-  for  thcgump 
land,  and  the  BriHth  linen  company  in  Scotland,  and  all  or  tSprLia- 
any  other  bankers  in  Scotland,  or  elsewhere,  respectively,  for  a  ^"""^ 
composition  in  lieu  of  the  stamp  duties  payable  on  the  promissory  notes 
of  tlie  said  banks  and  bankers  respeetively  payable  to  the  bearer  on  do- 
maud,  as  well  for  stamps  payable  on  their  bills  of  exchange ;  and  such 
composition  shall  be  made'  on  audi  terms  and  conditions,  and  with  such 
security  for  the  payment  of  the  same,  and  for  keeping,  producing,  and 
rendering  of  such  accounts,  as  the  said  last^mentioned  commissioners  may 
deem  to  be  proper  in  that  behalf;  and  upon  such  composition  being  entered 
into  by  such  banks  and  bankers  respectively  it  shall  be  lawful  for  th^  to 
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issue  and  re-issue  all  notes  and  to  draw  all  such  bills  for  which  such  com- 
position shall  have  been  made  on  unstamped  paper^  aaythiug  in  any  act 
containad  to  the  contrary  notwithstanding. 

2.  ^       passing  of  this  act  the  following  stamp 

tUcMM     duty  shall  be  chargeable  and  paid ;  (that  is  to  say,) 

On  any  scrip  certificate,  that  U  to  8;i> ,  any  document  denoMng  inr  in>    £  i.  d» 
tended  to  denote  the  right  or  title  of  tlie  holder  thereof  or  any 
person  to  any  share  or  shares  in  any  joint  stock  or  other  oofinpwiy, 
or  propoeed  or  intended  company,  or  any  oertificate  dedariag  or 
oitillmg  the  boldar  thereof  or  any  person  to  be  or  become  the 
proprietor  of  any  share  or  sliarcsof  or  in  anyBnch  corrtpany,  ■where 
such  certificate  or  the  right  or  title  to  such  share  or  shares  shall 
he  or  be  intended  to  be  transferable  1^  the  deliveiy  of  aneh  oer^ 
tificato,  or  odierwiae  than  by  deed  or  histnunent  in  writing       .     0  0  1 
Receipts  for      No  receipt  given  for  any  sum  or  same  of  money  received  for 
iesfedu'^cH  or  on  account  of  land  tax,  or  the  duttee  of  assessed  taxes,  or 
Tai"oxOTpt   ^^'^  duties  on  profits  arising  from  property,  profession?,  trades, 
n^om  stamp  offices,  by  any  collector  or  receiver  (^f  surh  taxes  or  duties, 

or  by  any  person  liaving'  authority  to  CoUect  or  receive  the  same, 
shall  be  subject  or  liable  to  any  stamp  duty. 

ilZTtiT  The  dntia  granted  by  an  act  of  the  present  Session  of  Parlia- 
^cfoMiio"'  '"^^  ^  polides  of  aararaace  maybe  denoted  either  by  a  stamp 
usurance^  imprcssed  upon  the  paper  whereon  any  anch  instrument  is 
writtra,  or  hy  m  adhesive  stamp  affixed  thereto,  and  the  Com' 
misdoners  of  Inland  Revenue  shall  provide  stampa  of  both 
descriptions  for  the  purpose  of  denoting  the  said  duties. 
Cartoin  pa*.  Tlie  adhesive  stamps  to  be  so  provided  for  the  purpose  afore- 
said  shall  be  adapted  for  the  writiiiLr  of  the  following'  particu- 


ataapito  thereon;  (that  is  to  eay,)  the  date  and  nvimber  of  the  policy, 

P*U*i"««  and  tiie  names  of  the  person  insured  and  of  one  of  the  diroc- 
toiB  of  the  assurance  company,  or  other  person  by  whom  the  same  shall 
be  signed ;  and  where  an  adhesive  stamp  shall  be  used  or  intended  to  be 
need  for  or  upon  any  such  policy,  sudi  stamp  shall  be  iirmly  and  securely 
afi&xed  and  made  to  adhere  to  such  policy,  and  all  the  several  particnlars 
aforeaaid  shall  be  fairly  and  distinctly  written  upon  such  stamp  at  or  before 
the  time  of  the  signing  thereof  by  such  director  or  other  person  aforesaid, 
or  in  defeult  thereof  sneh  director  or  other  parson  aignlng  such  policy 
shall  forfeit  the  sum.  of  Fiity  Founds. 

The  Schedule  re/erred  to  by  this  Act. 

Duty. 

Articles  of  Clerkship  or  contract,  whereby  any  person  shall  first  become  £  *.  d. 
bound  to  serve  as  a  clerk  in  order  to  Im  admission  us  an  attorney  or 
aolidtor  In  any  of  Her  Majesty's  CoaxU  at  Westminster  or  in  hreland, 
or  in  order  to  his  admission  us  a  proctor  in  the  High  Court  of  Admi- 
ralty in  England,  or  the  Court  of  Admiralty  in  Ireland,  or  in  any  of 
the  EcclesiasUcal  Courts  in  Doctors  Commons  or  in  Ireland     *  .  .   80   0  0 

Certificate  to  be  takna  ontyeaify  by  eveiy  penou  admitted  as  an  attorney 
ofT  aolidtor  in  any  of  Her  H^geety's  Gotirta  at  Westminsier  or  in  Ire- 
land, or  in  any  other  oourt  in  Kngland  holding  pleas  vhne  the  ddit 
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Duty. 

or  danugo  amoimto  to  forty  abllliogs;  and  by  every  peraon  admiitod  £  »,  d, 

as  a  writer  to  the  aignet,  or  as  a  solicitor,  agent,  attorney,  or  procu- 
rator in  any  of  the  courts  iu  Scotland ;  and  by  every  person  admitted 
or  enrolled  as  a  notary  public  in  £nglaad,  Scotland,  or  IrelaDd,  who 
in  bis  own  name  or  in  the  name  of  any  other  person  shall  commence, 
prosecute,  carry  on,  or  defend  any  acUon,  suit  ,  ]jr«^sccution,  or  other 
proceeding  in  any  of  the  courts  aforesaid,  or  do  any  uotaiM  act  what- 
ever, for  or  in  expectation  of  any  fee,  gain,  or  reward,  as  an  attorney, 
aolidtor,  agoit,  proctor,  procurator,  or  notary  pnblic,  although  not 
admitted  or  enrolled  as  such ; 

If  he  shall  reside  within  the  distance  of  ten  railes  from  the  Gene- 
ral Post  Office  in  the  city  of  ix>ndoa,  or  wii^in  the  dty  or 
ahire  c(  Bdinbniigli,  or  in  the  dty  of  IXiltlin,  or  within  three 
milea  thereof; 

And  if  he  shall  have  been  admitted  for  the  space  of  three 


years  or  upwards   900 

Or  if  he  ahall  not  have  heen  admitted  so  long   4  10  0 

If  he  shall  reside  elsewhere,  and  if  be  shall  have  been  ad- 
mitted for  tlie  sjiace  of  three  ycary  aud  upwards     •    .    *  6    0  0 
Or  if  be  ishall  nut  have  beeu  admitted  bo  long   8   0  0 


Certificate  to  be  taken  out  yearly  ly  every  person  being  a  member  of  oneof 

theFour  Inns  of  Court  in  England,  and  by  every  pet  son  in  Ireland  who 
in  the  charact-er  of  conveyancer,  special  plcaclcr,  draftsman,  in  equity 
or  otherwise,  shall,  for  or  in  expectation  of  any  fee,  gain,  OT  reward, 
draw  or  prepare  any  oonveyanoe  of  or  deed  or  instrument  relaUng  to 
any  estate  or  property,  Mai  or  pensoual,  or  any  other  deed  or  contract 
whatever,  or  any  pleadings  or  proceedings  in  any  court  of  law  or  equity ; 

If  he  shall  reside  within  the  distance  of  ten  miles  from  the  Ge- 
neral Post  Oflfice  in  the  dty  of  London,  or  in  die  dty  of 
Dublin,  or  witikin  three  miles  thereof  9  0  0 

And  if  he  nliall  reside  eluewhere  600 

Conveyance  of  any  kind  or  description  wliat^oever,  in  England  or  Ireland, 
and  charter  disposition  or  contract  containing  the  first  oiiginal  coosti- 
tntion  of  Feu  and  Ground  Annual  Rights  in  Scotland  (not  being  a 
lease  or  tack  for  years),  in  consideration  of  any  annual  nam  payable 
iu  petpetuity,  or  for  any  indeiinite  peiiod,  whether  fee  £unn  or  other 
zenti  feu  dnty,  groond  annual,  or  otherwise : 

Where  the  annual  sum  therein  reserved,  secured,  or  made  pay- 


able eball  not  exceed  026 

And  where  the  sameshall  exceed  20«.  and  shall  not  exceed  ISLtfaw 

tor  every  20s.  or  any  ftaotional  part  oS  20s.  of  suchannnal  som    0  2  6 
And  where  the  same  shall  exceed  12^  and  tfhall  not  exceed  242., 
tJien  for  ever\'  40s.  and  for  any  fractional  part  of  40a.  of  suoh 

annual  sum   060 

And  where  the  same  shsll  ttceed  UL  then  fijr  every  it.  and  for 
any  Ihwtional  part  of  42.  of  soch  annual  sum  0  10  0 
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The  Duties  of  Oastome  now  chargeable  on  the  articles  under-  fi,''^^^^^!^ 
mentioned  imported  Into  SeoUand  and  Irelemd  shall  cease  and 
determine,  and  in  lieu  thereof  the  foUowiug  duticB  shall  be  Aammto 
charged  from  and  after  the  twenty-first  day  of  AprU  One  fbitowiae 
thousand  eight  hundred  and  fifty-three ;  vis.  ** 
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SptritaorctroDg  w*tei8,f4Drevei7g«11<»of  anoliBpirita  £  d» 

of  ray  fltTMigth  not  ezoeeding  the  strength  of  proof  bj  Sykcs's 
Hydrometer,  and  ho  in  proportion  for  any  greater  or  less  etrengtli 
tliau  the  strength  of  proof  and  for  any  greater  or  less  quantity 
thra  A  galloii,  -viz. 

■  S^tito  or  etroog  waters,  the  produce  of  <my  British  jxjsscssion 

in  America,  not  being  sweetened  epirita  or  spirits  mixed 
with  my  article,  so  that  ^e  degree  of  strength  thereof 
oaonot  be  ezaedy  aeoertaiaed  by  such  hydromeleT : 
Uhoported  into  Scotland  .      .      .      the  gallon  0  o  0 

 Ireland      .       ,       .       the  gallou   0   3  8 

■  Rom,  the  produce  of  any  British,  posaeaaion  within  the  limits 
of  the  Eiat  India  Company**  charter*  not  bdng  sweetened 
spnritg  or fl{irits  ao mixed  as  aforeaaid,  in  regard  to  which 
the  conditions  of  the  Act  4  Vjotoria,  Chapter  8,  iiave  or 
shall  have  been  fulfilled : 
If  imported  into  Scotland  .      .  the  gallon  0  ff  0 

■  Ireland     .  th^  gallon  0  8  8 

■  Bmn  shrub,  however  Pweeted.  the  produce  of  and  imported 

from  such  possesions,  in  regard  to  which  the  oonditioaa 
of  the  Act  4  Victoria,  chapter  8,  have  or  ahall  have 
be(  n  fulfilled,  or  the  produce  of  and  imported  from  any 
British  possession  in  America: 
If  imported  into  Scotland  .      .      .      the  gallon  0  5  0 
 Irebnd     .  .     thegallcn  0  8  8 

The  duties  of  customs  chargeitble  upon  the  goods,  wares,  and 
«»jgo*j»*o-  merchandise  hereafter  mentioned  imported  into  the  united  fciiig* 
aMitimida^  dom sliall  cease  and  deteimine  on  and  after  the  firat  day  of  Jume 
mES^fav  one  thousand  eight  hundred  and  fifty-three :  viz. 

dom  to  MaM 

on  June  1,       Agates  or  cornelians,  enter  manniactiired;  albumen;  amber,  manu- 
factnresof,  not  enumerated;  anehoviea;  aquafortis;  band^ring  twist ; 

barytes,  milphatc  of,  ground;  bast  ropes,  twines,  and  strands;  blacking; 
books  being  of  editions  printed  prior  to  the  year  ISOI,  bound  or  un- 
bound; bran;  bfav,  powd^  of;  Inicka  and  clinkers,  Dutch  and  other 
sorts;  bronae  powder;  bmshes,  paint;  buttons  of  metsl  and  other  sorts; 
cameos,  not  set;  camphor,  refined;  cantharides;  carmine;  carriages  of 
all  aorta;  casks,  empty;  catlings;  chalk,  prepared  or  mantifactured,  and 
not  otherwise  enumented ;  cider;  dtnm,  preserved  in  salt;  cobalt,  oxide 
of;  corks,  fishermen's;  crayons;  oiystals,  eot  or manufiictnred ;  caeombers 
preserved  in  salt;  elder  flovrcr  water;  extract  of  chesnnt  bark  and  wood; 
quercitron  bark  ;  logwood ;  safflower.  Ijish,  viz. :  eels,  turbots,  of  foreign 
taking,  €!ysten»  sahnon,  soles,  turtle,  fresh,  not  otherwise  enumerated; 
cured,  not  otherwin  enumerated ;  £r«met  for  pictures,  prints,  drawings, 
or  mirrors;  fumitnre woods, excepting  asb,  beech,  birch,  elm,  oak,  wainscot ; 
gause  of  thread;  gold,  leaves  of;  gunpowder;  hair»  manufactures  of  hair  or 
goat's  wool,  or  of  hair  or  goat's  wool,  and  any  other  material  not  psxtienlarly 
enumerated  or  otherwise  charged  with  duty;  bams  of  all  kinds;  harp 
strings  or  lute  ef rings,  silvcned;  honey;  ink,  Indian;  iron  wire;  rough 
castings;  isinglass ;  latten  wire ;  mead  or  mcthegliu  ;  meat,  preserved  in  any 
other  manner  than  salted;  mercury,  prepared ;  metal,  leaf  metal ;  napth»; 
oil  of  resin;  olives;  orange  flower  water;  orsedew;  painters  colours,  manu- 
factured ;  pencils,  of  slate  and  not  of  slate ;  pcrr\' ;  pbosphorus  ;  pickles,  and 
vegetables  preserved  in  salt;  pollard;  pomegianatea ;  pots*  viz;  melting 
pots  for  goldsmiths,  of  stone;  rose  water;  saoeharum^Satunii ;  ssnssges  or. 
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puddii^s;  seed,  vie. :  oanaiy,  carrot,  clover,  grass  ot°  ail  aorts,  l«ek,  locem, 
nmstaid,  onion,  trefoil ;  nil  other  eorts,  not  particulftrly  ennmerated,  or  other- 
wise changed  wiUi  duty;  silkworm  gat;  «kins;  articles  manufifkctured  of 

skins  or  fur«;  sinaUs;  ?4pect?iolp'^ ;  spelter  or  zinc,  viz.:  rods  and  oxWe  of; 
stone  and  elate,  hcwu;  marble  bawu  into  blab$,  or  otlierwise  manufactured ; 
tamarinds;  tiles;  tobacco  pipes,  of  clay;  tongues;  ttupentine,  of  a  greater 
value  than  15*.  per  cwt ;  oil  or  spirit  of;  twine;  vanelloes;  varnish,  not 
otherwrsc  described;  vcrdiprris ;  wafers,  wax,  sealing;  \vhi{K^oi"d  ;  waste 
wood,  viz. :  billet  wood  or  bruuih  wood,  used  fur  the  purpoise  of  stowage ; 
yam  of  silk  and  worsted,  spun  together  and  not  dyed ;  raw  worsted  yam  not 
dyed,  or  only  partially  dyed*  and  not  being  fit  or  proper  for  embroidering,  or 
other  fancy  purposes. 
In  lieu  of  the  Duties  of  CuBtoinrt  now  cliargeable  on  tea  in}ported  into 
the  United  Kingdom,  the  following  duties  Bhall  be  charged  oix  and  after 
the  first  day  of  June  one  thousand  eight  hundred  and  fifty-three : 


To 

5th  April  1854 
inclusive. 

Ftoie  and  after 
5th  April  1854  to 
ah  Aprn  1856 
vaaxuAve. 

From  and  after 
dth  April  1855  to 
6th  April  1856 

incluHive. 

From  and  aUtcr 
5th  April  1856 

£  s.  d, 
0   1  10 
per  Pound. 

£  8,  d. 

0   1  6 
per  Pound 

£    9.  d 

0  13 
per  Pound. 

'  £  $.  d. 

0  10 
per  Pound. 

The  Duties  of  Customs  chargeable  upon  the  goods,  wares,  and  merchan- 
dise hereafter  mentioned  imported  into  the  United  Kingdom,  shall  cease 
and  determine  cm  and  after  the  fourth  day  of  Jvne  one  thousand  eight 
hundred  and  fi%-1hree ;  viz. 

Gables,  not  of  iron,  new  and  old,  tarred  and  untarred ;  coh  rope,  tmne,  and 
strands;  copper,  ore  of ;  regtilusof;  and  brara,  old,  fit  only  to  be  re-manu- 
factured;  unwrought,  viz. :  in  bricks  or  pigs,  rose  eoppei,aadall  cast  copper; 
part  wronght,  viz.:  in  bars,  rods,  or  ingots,  hammered  or  raised;  in  {dates 
and  copper  coin;  or  brass  wire ;  cordage,  tarred  or  nntaned,  including  stand- 
ing or  nmning  rigr^'np ;  glass ;  all  plate  glass,  cast  or  rolled,  of  whatever 
thickness,  however  small  each  pane,  plate,  or  sheet,  whether  silvei'ed.  poli&hedt 
or  rough,  painted  or  otherwise  ornamented,  all  white  flint  glass  bottles,  not 
cut,  engraved,  or  otherwise  ornamented,  and  beads  and  bugles  of  glass; 
wineglasses,  turnlilers,  md  all  other  white  flint  glass  goods,  not  etit,  engraved, 
or  otherwise  oruaiuenled ;  bottles  of  glass  covered  with  wicker  (not  being 
cut  glass),  or  of  green  or  common  glass;  articles  of  green  or  common  f^amt, 
manufikotnres,  not  otherwise  enumerated  or  described,  and  old  broken  glass, 
fitonly  tohere-manufaotured  ;  lead,  pig  and  sheet;  linen,  or  linen  and  cotton, 
viz. :  cambrics  and  lawns,  commonly  called  French  lawns,  whether  plain  or 
bordered;  lawnsof  sny  sort,  not  F^r^ich;  damasks  and  damask  diaper;  saila 
of  all  sorts;  mats  and  matting;  pictures;  poultry  and  game,  alive  or  dead; 
tin,  viz. :  in  blocks,  ingots,  bars,  or  slabs;  tmflShl;  veijuice;  wire,  "via.:  gilt, 
plated,  silver  and  brass;  yarn,  cable  yam. 

In  lieu  of  the  Duties  of  Customs  now  chargeable  on  the  articles  under- 
mentioned imported  into  the  United  Kingdom,  the  following  duties  shall 
he  charged  on  and  after  the  fourth  day  of  June  one  thousand  eight  hun- 
dred and  fifty-three ;  viz. 

£  s.  d. 

Apples,  raw  (not  of  British  Fcmmafm)*      ...     the  bushel  0  0  d 

 dried  ,      .     the  bushel  0  10 

Butter  (not  of  British  Poasessions)       ....       the  cwt.  060 
3  D 
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Ckeeae  (not  of  Bntidi  Vomuaxm)  to  be  charged  on  tbe  landing  £  s.  d. 

weight  tke  cwt*  026 

OoQM   thelb.  0  0  1 

 HnalcBandsbdlB   ihetb.  0  0  0} 

  paste  and  ohooolAte  .  .      .      .      «         the  lb.  0  Q  2 

NntB,  email  tlie  bush^  0  10 

—  walnuts     ,  the  biidiel  0  10 

Baiains  the  cwt.  0  10  0 

Alinnm^^^  JofdaH  ....».,  the  CWt.  010  0 

not  Jordan,  nor  titter  the  cwt.  0  10  0 

 paateof   the  lb.  0  0  2 

Arrow  root  the  cwt.  0  0  4} 

Barley,  pearled  theowt.  0  0  4} 

Baaketa,  viz.: 

I  Baskets  oorresponding  with  the  description  oommoDly  called 

Berlm   thecobiofbot  0  0  7 

 all  others  the  cubic  foot  0  0  2 

BeadB,  coral   the  lb.  0  1  6 

I         araogo^  crystal,  jet,  and  other  sorts  not  enumerated  or  de- 

eoribed    thelb.  0  0  2 

BniHB,  inaanfjuitaTes  of,  not  otherwise  enumerated     .        the  cwt.  0  10  0 

Brocade  of  gold  or  Pilver    ....       .      .  the  lb.  0   5  0 

Bronae,  maau£aicture8  of,  not  otherwise  eQumeri^<ed  .         the  cwt.  0  10  0 
Candles,  vis. : 

— —  spermaceti  the  cwt.  0  2  4 

■  atearine,  till  the  5th  of  April  1858,  unless  the  duty  upon 

tallow  shall  be  repealed  at  an  earlier  time,  in  which  c»se 
thia  di^y  shall  be  reduced  to  the  aame  rate  as  tallow 

candles   the  cwt.  0  8  6 

—  •  tallow        .      .       .      .      •       .      .         the  cwt.  0   2  4 

 wm:    the  cwt.  0  2  4 

Ganea,  tiz.; 

■  walking  caaea  or  aticka,  mounted,  painied,  or  otherwise  orna- 

mented      .   the  100   0    G  0 

umbrella  or  parasol  sticks      ....  the  iUO  030 

thelb.  0  0  1} 


the  doaen  paoka  0  16  0 

the  cwt.   0   0  •  4J 
.     thelb.   0  0  1 


Capers,  indnding  the  picUe 
Garda,  vis.,  playing  oacda  . 

Ca^ava  powder 

Cassia  lignea  .... 
Chioory,  or  other  vegetable  matter  ^tplicable  to  the  uaea  of  chicoiy 
ov  coffee,  vis. : 

— — ^—  raw  or  kiln-dried,  until  1 0th  October  1854  inchulTe,  the  ewt.   0  4 

fccm  and  ai^x  10th  October  l8o4  ■E'ree. 


'  xoaated  or  ground  tl^  lb.  0  0  4 

Ohlnaware,orpoxeeldb,peintedor  plun,  |^t  w  ornamented,  the  ewt.  0  10  0 

Cinnamon  thelb.  0  0  2 

Clocks,  viz. : 

■  ■  not  exceeding  the  value  of  6i.  each  .  .  tha  dozen  0  4  0 
 exceeding  the  value  of  6s.  and  not  exceeding  the  value  of  12«. 

6ff.  each                                                     the  dozen  0  8  0 

■  exceeding  the  value  of  12s.      and  not  exceeding  the  value 

of  8(.  each       .......        each  020 

'  ezoeeding  the  value  of  8^.  and  not  exceeding  the  value  of  101. 

each        ........  each  040 

 exceeding  the  value  of  lOZ.  each         .      .      •         each  0  10  0 

Cloves    .      .  the  lb.  0   0  2 

Cooulna  Indicus  the  cwt.  0  5  0 

Coflfee»  roasted  or  ground  the  lb.  0  0  4 
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Comfits,  dry',  until  5tli  JtJy  1854  mcliuiT« 

from  and  after  6th  July  1854 
Coiifectioii«ry,  nntii  Mi  July  1854  indiuiye 
from  and  alter  5th  July  1854 


the  lb. 
the  lb. 
the  lb. 
the  lb. 


Copper,  manufactures  of,  not  othenrise  enumerated  or  demribecl,  and 


£  i.  (£ 

0  0  2 

0  0  n 

0  0  2 

0  0  1| 


copper  plates,  engraved         .      .      .  . 

Corks,  leady  made  

squared  for  rounding        .     .      .  . 

Dat^   

Diee  

Xarthenware  not  otherwiae  entimerated  or  described 
Feathers,  dressed,  viz. : 
 — •  ostrich 

 paddy  bird  

not  otherwise  enumerated  or  described 


the  cwt. 
the  lb. 
the  cwt. 
the  cwt, 
the  pair 
the  cwt* 


the  lb. 
the  lb. 
tl«elb. 

Flowers,  artificial,  not  made  of  silk,  per  cobio  fiwt  as  packed,  no 


allowance  for  vacant  spaces 

wholly  or  in  part  made  of  silk 


Fruit,  raw,  not  otherwise  ennmecated 
Ginger,  preserved,  nntO  6th  July  1864  inclusive 
—  fimm  and  after  5th  July  1864 


the  cubic  f(X)t 
the  cubic  foot 
.  the  bushel 
•  the  lb. 
title  tb. 


0  10  0 
0  0  6 
0  8 

0  10 

1  1 

0  10 


Glass,  y\z. : 

any  kind  of  window  glass,  white  or  stained  of  one  ookmr  only, 
(except  plat«  or  rolled  glass,)  and  shades  and  cylinders,  until 
fith  April  1855  inclnsive        ....        the  cwt. 

 ^from^alter5(^  April  1865  uatU  eth  April  1857  inclusive  the  cwt. 

 from  and  after  6th  April  1867  

 all  flint  cut  glass,  flint  coloured  glass,  and  fancy  ornamental 

gl  ass,  of  whatev^  kind  tli  c  cwt . 

Grapes  .      .      .      .     tlie  bushel 

Hair  aitioles ;  manufSBCtures  of  hair  or  goat's  wool,  or  of  luur  or 
goat's  wool  and  any  other  material,  wholly  or  in  part  made  up, 
not  psiticttlarly  ennmerated  or  otherwise  charged  with  duty 

for  every  100/.  value 

Hste  or  bonnete»  viz. : 

 of  chip  die  lb. 

 of  bast,  cane,  or  horse«hair  the  lb. 

 of  straw  the  lb. 

 of  felt,  hair,  wool,  or  beaver       ....  eseh 

Ha^s  of  silk  or  flilkshag  Md  npon  felt,  linen,  or  other  material,  each 
iron  and  steel,  wrought  or  manufactured,  viz. : 
— maehinety,  wrought  castings,  tools,  cutlery,  and  othmr  manu- 
&otures  of  iron  and  steel,  not  enumemted    .     the  cwt. 

 fancy  ornamental  articles  of  iron  ,       .      the  cwt. 

 ot  steel  .      .     the  ©wt. 

Jewels,  emeralds,  and  all  other  preoions  stones,  set,  for  every  lOOt.  value 
Lead,  mannfactoras  of,  not  otherwise  eonmersted  .  the  cwt. 
Leather,  viz. :  boot  backs      •      .      •      .      ,    the  doaen  pairs 

the  ewt. 
the  ewt. 
the  cwt. 
the  ewt. 


0  3  0 

0  3  0 

0  8  0 

0  12  0 

0  12  0 

0  0  2 

0  0  2 

0  0  1^ 


0  2  6 
0  16 
IVee. 

0  10  0 
0   0  2 


6  0  0 


0 
0 
0 
0 
0 


2  6 

2  6 

2  6 

1  O 

1  0 


0 
0 

0 
6 


cut  into  shapes 


Liquorice  paste  (not  of  lEMtish  Posaesrions) 
——powder  (not  of  Britisli  Possessions) 
— — —  mot,  until  5th  Apnl  iSo?  ioclusive 
from  aud  ^ler  6th  April  l8o7 


Uaccaroni 

Mace   

Mannalade,  until  5th  July  1854  incluMve 

'  from  and  after  6th  July  1864 
Median  


the  ewt 
the  lb. 
the  lb. 
the  lb. 
the  bushel 


0  8  6 

0  15  0 
0  16 
10  0 
0  2 
0  1 

0  10  0 

10  0 

10  0 

0  6  0 
Free. 
0  10 

0  1  0 

0  0  2 

0  0  1| 

0  0  2 
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Mtuieal  iostnuneoita,  tIz.  :  £  »,  d, 

■  boxes,  amall,  not  exceeding  four  inches  in  length,     the  air  0  0  3 

'   large         ....       .      .         tihe  air  0  0  8 

'  overtures,  or  extra  aeoompaaiments            tlxe  air  0  2  <» 

"  ■ —      piano  fortes,  horiaontal  grand             .                each  3  0  0 

■   npright  or  square      .      .      .           each  2  0  0 

harmoniums  or  seraphines,  not  exceeding  three  stops,   each  0  12  0 

 ^Qyj  stops,  and  not  exceeding 

seven  slope  eaeh  14  0 

-  — — — _  eight  stops,  and  not  exceeding 

eleven  stopfi       .       .       eaeh  1  10  0 

— —  exceeding  eleven  stops       each  2  0  0 

'            aooordions,  conn&only  called  Chinese  .       the  100  notes  0  10 

other  sorts,  including  flntinas  and  common 

Germfin  gqtiate  concertinas,       the  100  notes  0  5  0 

 —  concertina  of  octagon  form,  not  common  German,      each  0  4  0 

— >  brass  instruments,  all  sorts          .      .              the  lb.  0  0  9 
instruments,  not  othermse  oiumerated  or  described,  for 

every  100/.  value  10  0  0 

Mustard  flour        ......      .      .      the  owt.  016 

Kutzo^,  except  those  commonly  called  wild      .             the  lb.  0  1  0 

Nux  vomica   tibscwt  0  2  0 

Oil,  viz. : 

 idmoiid  the  lb.  0  0  1 

 bays   thelb.  0  0  1 

 essential  oil  of  cloves  the  lb.  0  1  0 

Ouioas   the  bushel  0  0  1 

Pears,  rsw   tb©  bushel  0  0  8 

 dried  the  bushel  0  10 

PercusFion  caps   the  1,000  0  0  1 

Perfumery,  not  otherwise  enumerate*^,  and  wented  or  fan^aoap  thelb,  0  0  2 

Pewter,  manufactorea  of,  not  otherwise  enumerated      .      the  cwt.  0  2  0 

Pickles  preserved  in  vinegar  the  gallon  0  0  1 

 the  cwt.  0  5  0 

Plate  of  gold  the  oz.  twjy  1  1  0 

 of  silver,  gilt  or  ungUt  the  oz.  troy  0  18 

Platting,  or  other  maau&ctures  of  straw,  chip,  or  other  materials  to  be 
used  in  or  proper  for  making  or  ornamenting  hats  or  bomnets,  not 

irtherwise  enumerated  or  charged  with  duty          .         the  lb.  0  2  0 

cordonet,  single,  and  twist  of  straw,  or  of  other  materials,  thelb.  0  0  6 

 willow  squares      ,      .      .      .      .     .    thedoeen  0  0  1 

Plums,  eonnnnnly  called  French  plums  and  prunelloB  the  cwt.  0  16  0 
— —  dried  or  preserved  (except  in  sugar),  not  otherwiw  dest  ribcd, 

the  cwt.  0  15  0 

 preserved  in  sogar,  until  6th  July  1864  inclusive,      •  the  lb.  0  0  2 

 from  and  after  6lh  July  1864          .      .             the  lb,  0  0  1} 

Pomatum   the  lb.  0  0  2 

Potatoflour   thecwt.  0  0  4} 

Powder,  via. : 

 hair  piwder  *   the  lb.  0  0  2 

 perfumed   the  lb.  0  0  2 

 not  otherwise  enumerated  or  descjibed,  that  will  serve  the 

ssme  purpose  as  starch   the  cwt  0  0  4} 

Prints  and  drawings,  plsm  or  coloured,  single            .        thelb.  0  0  3 

■                    ■  boTind  or  sewn                                   the  lb.  0  0  8 

■  admitted  imder  treaties  oi  iutematioual  copy- 

li^,  shigle     .                 .        thelb.  0  0  1} 

-  bmmd  or  sewn          .                  the  lb.  0  0  1} 
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Quassia  ....       .....       the  cwt.  010 

Quiaces  tiie  Lusliel  003 

Bice,  not  roogh,  nor  in  the  husk  ....      the  cwt.  0  0  ^ 

 rough,  and  in  the  huak  the  quarter  0  0  9 

Rago   the  cwt,  0   0  4J 

Scaleboard  ........       the  cwt.  010 

Semolina  .  the  cwt  0  0 

Shiite,  ibreign  ddg»,  to  be  hrokeD  up,  with  their  tackle,  apparel  and 

fui-nittire  (exoept  sails),     for  every  100?.  value  5   0  0 

'  broken  np        ...     for  every  100^.  value  600 

Spaware  the  cubic  foot  0  0  6 

Spelter  or  Zinc,  mannfacturea  of,  not  otherwise  enumerated,  the  cwt.  0  2  0 
Spirite,  tsordials,  or  strong  water?,  not  being  the  produce  of  any 
British  Pcssessiuu  in  America,  uoruf  any  British  Posdeteiiuu  within 
the  limits  of  the  East  India  Gompany'a  Charter,  in  regard  to 
which  the  conditions  of  the  Act  4  Vict.  cap.  8  have  or  shall  been  ful- 
filled, Bweetened  or  mixed  with  any  article  so  that  the  degree  of 
strength  cannot  be  exactly  asceitained  by  Sykes's  hydrometer, 

and  perfumed  splritB  to  be  used  as  perfumery  only,    the  gallon  10  0 

Starch   the  cwt.  0  0  4| 

  Gum  of,  terrified  or  calcined  .       the  cwt.  0   0  4) 

Suficades,  including  ail  fruits  and  vegetables  preserved  in  sugar,  until 

the  Sth  July  1854  inclusive  .      .  the  lb.  0  0  2 

From  and  aiter  the  6th  July  1854  .        the  lb.  0  0  1) 

Tapioca  the  cwt.  0  0  4) 

Tin  foil  the  cwt.  0  30  0 

ManufiKstures  of  tin,  and  not  otherwise  enumerated,  the  cwt.  0  10  0 

Toys,  viz.: 

  marblea   the  cwt.  0  10 

 all  other  toys   the  cubic  foot  0  0  4 

Tumeiy,  not  otherwise  described        .      .  the  cubic  foot  0  0  4 

Varnish,  c^olaining  any  qnaatity  of  alcohol  or  spirit        the  gaUon  0  12  0 

Vermicelli   the  cwt.  0  10 

Vinegar   the  gallon  0  0  3 

Washmg  balls   the  lb.  0  0  2 

Water,  Cologne  water,  the  flask  (thirty  of  subh  flasks  oootaining  not 

more  than  one  gallon)    each  0  0  8 

  wheu  not  in  flasks  (as  perfumed  spirits)  ,     the  gallon  10  0 

In.  Ueu  of  the  |>resent  ad  valorem  rates  of  duties  of  customs  charged 
upon  the  importation  into  the  United  Kingdom  of  the  nndeimentioned 
srtideB  as  not  being  enumerated  in  the  Tariff,  the  following  dntiee  of 
customs  shall  he  chained  thereon  on  and  after  the  fourth  day  of  Jtme  one 
thousand  eight  hnndred  and  fiAy-three;  yiz. 

Biscuit  and  bread  the  cwt.  0    0  4J 

Caoutchouc  or  Indian  rubber,  manufactures  of    .      .         the  lb.  0  0  4 

Cbralnegligte    the  lb.  0  1  0 

Daguerreotype  plates   the  lb.  0  0  8 

Fig  cake   the  cwt.  0  16  0 

Gutta  percha,  manu£actures  of,  not  moulded,  such  as  bands,  t^heeta, 

sole8,tttUng  the  cwt.  0  &  0 

 :  articlea  moulded  .      ,  the  lb*  0  0  2 

Lucifers  of  wood  in  boxes  containing  not  more  than  100  mabdiee, 

the  gross  of  boxes  0   0  2 

■  in  boxes  containing  more  than  100  matches,  ti  te  gross  of  boxea  0  0  8 

 vesta  of  wax,  in  b(aea  not  exceeding  1»000  matches,  the 

doisenboKes  0  0  6 
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Xiudfers  in  boxM  eimeding  1000  nurtehes    .     .  the  1000  matcbes  0  0  0^ 

Maiidioca  flonP   the  cwt.  0  0  4J 

Masoaonmp  the  cwt.  0  0  4^ 

Mustard,  mixed  ot  nunnftctored,  exoept  floar          .      the  ewt.  0  5  0 

Oil  cloth,  fbr  table  ooven  the  square  7»rd  0  0  1 

Salacinc       .   the  oz.  0  0  S 

Sancos,  not  otherwise  eouaiemted       .      .      .      *        the  lb.  0  0  1 

Soy   thegallon  0  0  6 

Sterine,  till  the  6th  April  1858,  unless  the  duty  upon  tallow  shall  be 

repealed  at  aa  earlier  time,  in  which  case  this  duty  ahaU  then  cease, 

thttcwt.  0  3  6 

After  the  6tli  April  1858                                         .      .  Free. 

Veneers   the  cwt.  0  10 

In  lieu  of  the  duties  of  customB  now  chargeable  on  the  article  under- 
mentioned imported  into  the  United  Kingdom,  the  following  duties  shall 
be  charged  on  and  after  the  eighth  day  of  June  one  thousand  eight  hun- 
dred and  flfty-throf' :  viz. 

Eggs  not  of  British  Posspssions  the  120   0   0  1 

In  lieu  of  the  duties  of  customs  now  chargeable  on  the  articleB  uiider- 

mentiontid  imported  iuto  the  United  Kingdom,  the  following  duties  shall 

be  charged  on  and  after  the.  twelfth  day  of  J  tdi^  one  thousand  eight  hmi- 

dred  and  fifty'three ;  vis. 

Soap,  not  bang  scented  or  fanc^,  -vis. : 

haid   the  cwt.  0  0  8 

 soft    the  cwt.  7  0  8 

—  •  I^aplca    the  cwt.  0  0  8 

In  lieu  of  the  duties  of  customs  now  chargeahle  on  tiie  articles  under- 
mentioned imported  iuto  the  United  Kingdom,  the  following  duties  shall 
be  charged  on  and  after  the  eleventh  day  of  Jtm  one  thousand  eight  hun- 
dred and  fifty-three ;  viz. 

Oranges  and  lemons   the  bushel  0  0  8 

Books,  being  bound  in  e^taons  printed  in  orunoe  the  year  1801,  bound 

or  unbound   the  cwt.  1  10  0 

admited  under  treaties  of  international  copyright,  or  if  of  and 

ftom  a  British  Poaaeenon  ....      the  cwt.  0  15  0 

Cherries,  raw  the  bnshpl  0  0  2 

dried,  uQtiL  5th  July  1854  inclusive  .      .      .         the  lb.  0  0  8 

 ditto,  ftom  and  after  5th  July  1854              .        the  lb.  0  0  1^ 

Gotten  manufafituree,  viz. : 

—     -  ftingc                                                            the  lb.  0  0  2 

^.      gloves,  of  cotton  or  thread             .      .     the  dozen  pairs  0  0  8 

stockings,  of  cotton  or  thread         .           the  dosen  pairs  0  0  6 

■        sodcs,  or  half  hose,  of  cotton  or  thread,        the  doeen  pairs  0  0  8 

.'I'tii^lf^s  or  marmfacturea  of  cotton,  wbolly  or  in  part  made 

up,  not  otherwise  charged  with  duly,    for  eveiy  1002.  value  5  0  0. 
Embroidery  and  needlework,  viz. : — 

 silk  net,  figured  with  the  needle,  being  imitation  laoe,  and  ar- 
ticles thereof                                                 the  lb.  0  10  0 

cotton  net,  figured  with  the  needle,  being  imitation  lace,  and 

articles  thenof   the  lb.  0  8  0 

>  eortains,  ootnnumly  called  Swiss,  onbroidered  on  mnalin  or  net, 

the  lb.  0   1  0 

all  other  enibroidery  not  enumerated,     for  every  1002.  value  10   0  0 

of  and  irom  British  PoaseBsiims       .     for  every  lOOf.  value  5  0  0 
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Lace  and  article  thereof,  viz* :  £   t,  d. 

mohaSr  or  wonted   lb.  0  1  0 

— thread  or  oottm  pillow  lace  (not  lieing  BniaaeU  point  or  Saxon 

bone  lace),  not- exceeding  one  inch  in  width    .  the  lb.    10  0 

...  Uuead  or  cotton  pillow  lace  (not  being  Brussek  point  or  Saxoa 

bone  laoe),  exceeding  one  indL  in  width        .        thelb.  2  0  0 
— ~  aOk  lacOt  pOlow  and  application,  not  beiog  Saxon  wire  ground 

lace    the  lb.    1  10  0 

— ——flilk  Saxon  wire  groupd  Iace,and  all  lace  known  as  Maltese,  thelb.  0  8  0 
■  Bruaaela  point,  and  other  laoe  made  by  the  hand,  not  other* 
wiae  ehaiged  with  du^        *      .    for  eveiy  lOQf.  value  10  0  0 
Linen,  or  h'nen  and  cotton  manufactures,  vh. : 

ftBT)r^hrint|4^ii<jirftmhi«>fr,  bftmmftH  nr  hftmfititched,,  not  trtnunedi 

the  doaen  0  2  6 

— --  itaqra   the dosen pain  0  4  0 

  artielee,  manufactnrcs  of  linen,  or  of  linen  mixed  with  cotton 

or  with  wool,  wholly  or  in  part  made  np,  not  particularly 
.  enumerated  at  otherwise  ehugeable  with  duly,  for  every 

1002.  value  6  0  0 

Millboards   thelb.  0  0  2| 

Paper,  vis.: 

■  bvown  paper  made  of  old  rope  or  cordage  only,  without  aepa- 

tating  or  extracting  the  pitch  or  tar  therefiram,  and  without 

any  mixture  of  other  materials  therewith  the  lb.    0  0  2|' 

■  ■■  ■  ■  printed,  painted,  or  stained  paper  or  papcr-baagings,  or  Hook 

paper   th&  square  yard  0  0  1 

Paper,  waate  paper,  or  paper  of  any  other  sortnot  particularly  enume- 
rated or  deacribed,  not  otherwise  ohai^ed  with  duty,  the  lb.   0  0  2^ 

Pasteboard   the  lb.   0  0  2^ 

Silk  muiu&ctweSf  being 

 velvet,  the  produce  of  Europe,  plain  or  figured: 

 broad  stnffs   tfic  lb.   0  9  0 

■'         the  foundation  of  which  is  wholly  composed  of 

oottou  or  other  matetiak  tliau  bilk         the  lb.   0  3  0 

—  ■■  ■  ribbons  of  velvet,  or  silk  embossed  with  velvet,  the  lb.  0  10  0 

■  ■'      the  foundation  of  which  is  wholly  composed  of 

cotton,  or  other  materials  thm  silk         the  lb.   0  3  6 
-  mainufactures  of  ^ilk,  or  of  silk  mixed  with,  any  other  mate- 

rials,  the  produce  of  Europe,  called  plodi      .        thelb.  0  8  0 

 black  plmih,  commonly  used  for  making  bats,     the  lb.  0  1  0 

^  parasols  and  tmibrellas      .....  each  010 

■■  ■  ——  damask  of  silk  and  wool  or  other  materials,  for  fumltare 

the  lb.  0  0  10 

China         ....         the  running  yard  008 

'    ■  ■ '  corahs,  choppahs.  Bandannas,  and  Tusaove  dotbs,  viz. :  in 

pieces  not  exceeding  5^  y&rd^  in  length,       .      the  piece  0  0  4 
exoeeding  H  and  not  exceeding  ^  yards,  the  piece  0  0  6 
6^  and  not  exceeding  7|  yards,  the  piece  0  0  8 
7^  and  not  exceeding  8^  yards,  the  piece   0   0  9 
8^  and  not  exceeding  9^  yards,  the  piece  0  0  10 
and  fi>r  every  additional  yard  in  lengtii        .      the  yard  0  0  1^ 
Chin* enqpe  shawls, plain  and  damt^     .  thelb.  0  8  0 

— 11.1   ~  embroidered      .       ,       .  the  lb.    0   6  0 


'  Pongees,  in  pieces  not  exceeding  15  yards  in  length,  the  piece  0  2  0 
•  exceeding  16  yards  andnot  exceeding  21  yards  in  length,  the 

piece  0  8  0 
.  ex<w>eding  Stl  yards  and  not  exceeding  81  yards  in  length,  Hie 

piece  0  6  0 
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Silk  handkerehiefg,  plain  and  figured,  in  pieces  not  esrceding    £  *.  d. 

y  yards  in  It^ngth  the  piece   0   1  $ 

exceeding  9  yards  and  iU)t  exceeding  IS  yards  in  length, 

the  piece  0  3  0 
Watches,  of  gold,  silver,  or  other  metal,  ezoeediog  the  value  of  107. 

each   each  10  0 

other  watches,  viz. : 

 gold,  open  faces  ....  each  050 

 htmtere    each  0  7  0 

 repeaters   each  0  15  0 

•  —    silver,  or  any  other  metal  not  gold : 

 open&oes  ....  each  026 

 hnntera   each   0   3  6 

  repeatera      .....  each  080 

Woollen^  articles  or  manufactures  of  wool  (not  being  goat's  wooij  or 
of  wool  mixed  mth  cotton,  vis. : 

 carpets  and  i-uga       .  .      .      .   the  square  yard  0  0  6 

■  5;h  awls,  Bcaifs,  and  handkerchiefii,  plain  and  not  printed,  the  lb.  0  0  4 

 piiuted  the  lb.   0  0  8 

gloves  the  dozMi  pain  0  0  8 

 articles  or  nuan&ctnres  of  wool  mixed  mth  cotton,  wholly 

or  in  part  made  up,  not  otherwise  dbaiged  with  duty,  for 

every  IWL  value   6   0  0 

In  lieu  of  the  present  ad  valorem  rates  of  duties  of  customs  charged 
upon  the  importatiou  into  the  United  Kingdom  of  the  undermeutioiied 
articles  ae  not  heing  enumerated  in  the  tariff,  the  foUowixig  duties  of  cus- 
toms shall  be  charged  thereon  on  and  after  the  eleventh  day  of  Jtme  one 
thonsaad  eight  hnndred  and  fifty-three ;  viz. 

Paper,  gilt,  stained,  coloured,  embossed,  and  all  <an^  IdndB,  not 

being  paper-han^gs   the  lb.  0  0  8J 

The  dnties  of  customs  chargeable  upon  the  goods  hereafter  mentioned,  im- 
ported into  the  United  Kingdom,  shall  eease  and  determine  on  and  after  the 
twenty -third  day  of  .hme  one  thousaaid  eight  hundred  and  tiity-three ;  viz. 

Flock  for  paper  stainers. 

Ou  and  after  the  fifth  day  of  Juh/  one  thoiisand  eight  hundred  and 
fifty-three  so  much  of  aa  act  passed  iu  Session  of  Parliament  holden  in 
the  third  and  fourth  years  of  the  reign  of  His  late  IVEajesty  King  WtUiam 
the  Fourth,  chapter  one  hundred  and  one,  section  three,  as  provides  that 
the  allowance  commonly  called  draft,  then  made  by  the  OommissioneTS 
of  Excise  in  the  weighing  of  tea,  should  be  made  by  the  Commissioners 
of  OustoxuB  under  the  authority  of  the  said  act,  shall  be  and  the  same  is 
hereby  repealed ;  and  the  allowance  of  one  pound  for  draft  on  each  chest 
of  tea  exceeding  twenty-eight  potmds  in  weight  now  made  by  the  Com- 
missioners of  Cuetoms  under  the  authority  of  the  said  act  shall  cease  and 
determine  upon  all  tea  which  shall  arrive  and  be  reported  at  the  custom 
house  of  any  port  iu  the  United  Kingdom  on  and  after  the  fifth  day  of 
Juli/  one  thousand  eight  hundred  and  fifty-three. 

The  duties  imposed  by  this  act  shall  be  under  the  management  of  the 
Oommissioners  of  Her  3!bjesty  s  Oustoms,  and  shall  be  ascertained,  raised, 
levied,  collected,  paid,  recovered,  and  allowed,  and  applied  or  appropriated, 
under  the  provisions  of  any  act  or  acta  now  in  force  or  hereafter  to  be  made 
relating  to  the  customs. 
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HARWICH,  DOVERCOURT  NEW  TOWN. 


PTi 

s  br  u  «  ^ 

can  VAuu 


EeTDCATED  OOST  £430. 


3  E 
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VILLAS,  CARLTON  ROAD,  KILBURN  PARK. 


Estimated  cost  £8d0  the  pair. 
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WESTBOURN  PARK,  PADDiNQTON. 

FvLLsatsD  3bd  Class. 


 -  SLBVAflOM.    74  FBBrr. 


CHAUBEB  PbAK. 


OKE  PAJB. 


£siIMATKl>  C4M«i'  £800  TUB  'I  IIBEE. 


[over. 


nut  vABntD. 
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HO-  2.  CARLTON  HILL,  ST.  JOHN'S  WOOD. 


ONE  PAiB.  enoiniB  m». 


ESTINATBD  00»T  £475. 
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PADDINQTON  ESTATE. 

Skd  Glass. 
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TORIANO  AV£NUE,  KENTISH  TOWN. 

Smau.  8bd  Class. 


t 
I 
I 


EtEVATioir.  39  FT.  6  in. 
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BASBMEKT  ASD  OOOUHD  FltAH.  OKS  PAIB  TLAM. 


Cost  £500  tub  i'aib. 


[over. 


BJk8KM£Ml*  QIIOUNI)  FLAK. 


845 


SAXON  VlLtA,  CLIFTON  TERRACE,  BRIGHTON. 


PBMPfiOTITB  ffiBTOn. 
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HARWICH,  VILLAS  AT  DOVERCOURT  NEW  TOWN. 

Sbo  Class. 


BASBaiENT  AMD  GBOUND  FLAK. 
Cost  £730  TBB  PAIR. 


VILLAS,  CARLTON  ROAD,  KILBURN  PARK. 


BASEMENT  AND  GnOUND  FLOOE.  ONE  PAIB.  TWO  PAIR. 


EsTtMATBD  COAT  £6G0  THC  PAIIl. 


3  F 
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DOVERCOURT  NEW  TOWN,  NEAR  HARWICH. 

OABDBM  rROMT.  FBIHCIPAL  FBOWT. 


SO  a  BLKVATION. 


Cost  £660. 


[wer.  i 


I 

I 


I 
I 
I 


OKOVVD  ThAV. 
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DALSTON,  NEAR  LONDON. 

==  1^ 


10 


Cost  £340  the  pair. 
Lirr  AT  £23  per  Ankvm.    Containing  Six  Rooms  anu  Costvekiencies, 
ThM.  TaUoekf  ArckL,  Dahton.] 
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VILLAS  IN  REGENT'S  PARK. 


»  « 


CoXTRAOT  Priob  £1SOO. 

Each  oomtainr  Tbu  Booms,  Pantrv,  Celi^hs,  a»j>  Contbmibncibb. 

Reittal  £75  JEacii. 

Tkoi.  Tattttk.  Areht.,  Dahhn.^ 
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ON  LANDED  PROPERTY. 


OHAPTEK  I. 

LAKDLOED  AiJil)  TEIs ANT— THEIE  POSITION  AND 

COKJ!^ECT10JNS. 

Thb  landlord  is  tlie  owner  of  tiie  soil,  whose  proprietorship  g^<^  ^ 
has  been  derived  chiefly  from  priority  of  occupation,  and  from 
the  act  of  labour  subeeqnently  bestowed.   To  these  rights  of  occupancy  a 
tacit  acknowledgment  and  virtual  aoqniescence  have  been  yielded  by  the 
general  consent  of  the  hmnan  race.  Jurists  have  ^tangled  themtolvea  in 
very  lengthened  disputations  and  mnch  subtlety  of  argmnent  in  trying  to 
determine  whether  the  act  of  labour  was  necessary  to  support  the  right 
acquired  by  priority  of  occupation ;  and  also,  if  the  pnblic  assent  be  essen- 
tial to  confirm  Uie  two  privileges,  when  joined,  in  constituting  the  owner- 
ship  of  property.    The  question  has  been  long  since  settled  by  general 
opinion  conferring  on  land  the  same  rights  as  any  other  articles  «auflimed  by 
whidi  a  man  can  call  his  own ;  the  same  vested  interests^  and 
the  same  inalienable  adjuncts.  The  law  of  civilized  nations,  or  morality 
aimed  with  power,  has  sanctioned  the  conferment^  and  upholds  the 
continuance. 

Land  has  been  appropriated  in  order  to  make  it  more  generally  useful, 
and  to  create  a  general  interest  in  its  favour.    An  enlightened  barbarism 
made  tlie  iirst  appropriations  in  large  grants  of"  laiul  as  the  plunder  ot" 
conquest,  and  the  reward  of  services,  to  be  held  in  tenure  for  i'uture  per- 
formances and  attendance.  The  inconvenient  superintendeuce  soon  induced 
the  dismemberment  of  the  extensive  grants ;  the  uncertain  and  ^ 
short-lived  reigns  which  prevailed,  caused  many  confiscations ;  aOmtaamot 
and  the  constant  wars  and  intestine  broils  of  uiisettled.  times, 
produced  large  changes  in  the  possession  of  the  separated  portions  of  tbe 
grants.   The  no  less  quarrelsome  leisure  of  peace  had  a  large  effect  in 
leading  to  fines  and  confiscations,  which  still  further  augmented  the  distri- 
bution of  the  land  as  privatp  property.   When  tr.ade  became  Honrishing, 
and  money  became  abundant,  land  was  bought  and  sold  as  any  other 
marketable  commodity,  the  divisions  being  varied  cbieHy  by  chance  and 
accident;  a  large  part  generally  remaining  with  the  name  of  the 
original  holder,  and  still  giving  the  title  and  rank  whidi  accompa-  p*v^*i«>* 
nied  the  gift  In  this  way  land  has  become  the  property  of  the  present  pos- 
sessors, who  hold  by  purchase,  which  rests  on  the  original  appropriation. 

For  a  very  long  period  of  time  the  property  of  land  constituted  almost 
the  only  form  of  wealth  and  power,  and  carried  along  with  it  the  sole  dis- 
30 
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tmctions  of  society.  The  nobles  and  proprietors  formed  one  part 
Land  the  dig-     ,  ,  .  ^        .  ,  ^    * ,  -,  , 

tiactkaiof    ot  the  commtinity  ;  and  rotamers,  dependeuts,  and  slaves,  were 

tlie  other  |>oi  Liuu,  whicli  was  almost  wholly  bereft  of  personal 
liberty,  and  lived  on  the  charity  and  pleasnre  of  the  higher  grade.  There 
was  no  nobility  withont  property  in  land — ^no  power,  no  respect,  nor 
even  ihe  natural  gift  of  personal  freedom.  Every  idea  was  based  upon 
the  soil :  all  settlements  and  associations,  isolated  or  collective,  were 
founded  upon  the  country,  by  which  themodeof  life  was  regulated,  and  the 
social  institutions  conformed.  In  overy  conntry  where  land  has  been 
appropriated,  in  every  form  of  government,  and  under  cveiy  dynasty 
  which  has  ruled  on  earth,  in  every  change  and  revolution  that 

has  happened,  and  under  every  diiiercut  phase  which  society  has 
assumed,  the  land-owning  body  has  ever  had  a  preponderance  in  the  legis- 
lation, and  has  directed  the  machinery  of  government  A  certain  pres- 
tige of  independence  and  patriotism  has  always  in  some  kind  and  degree 
been  found  attaching  to  the  owners  of  the  soil,  which  has  not  a  little  con- 
tributed to  the  essentia]  qualification  in  a  member  of  the  legislature,  and 
of  the  open  recognition  of  landed  property  conferring  a  title  to  the  dis- 
tinction in  that  respect.  The  early  preponderance  of  the  owners  of  the 
soil  has  not  been  lost,  and  little  if  at  all  impaired  by  the  uphcuviug  of  the 
other  elasses  of  soeiety— an  inllvience  still  eling.s  to  it,  as  compared  with 
otlu  r  Jiiuds  of  property,  and  an  earnest  desire  for  the  posseasion  of  it  is 
itt  iartuenco  by  sU  persons  who  can  command  the  means  of  purchase, 

and  aviditj  Thc  dursblc  uaturc  of  its  essence  forms  the  primary  considera- 

tion,  the  current  value  may  fluctuate  as  that  of  other  commo- 
dities, but  a  total  loss  never  can  be  Bostained  by  its  possession,  as  no 
evanescence  ta^es  place  of  the  original  matter.  This  quality  confers  the 
superiority  of  property  in  land  over  other  inheritances,  and  has  raised  the 
estimation  both  of  the  article  and  the  possessor.  The  detached  and  iso- 
lated position  of  the  property  eonters  a  power  tliat  is  of  a  very  useiul  and 
agreeable  exercise,  and  it  affords  a  relaxation  Tiot  enjoyed  by  other  employ- 
ments of  capital  and  time.  This  leisure  gives  opportunity  for  the  dis- 
charge of  public  daties,  which  interfere  least  with  the  absence  from 
business  of  the  habits  of  life  which  those  duties  occasioned  and  required. 
The  business  of  legislation  gradually  fell  into  the  hands  of  the  party  which 
bad  most  leisure  for  the  purpose,  and  inclination  for  the  object  The 
maA  diMCM  S*^^  increase  of  numbers  soon  acquired  a  preponderating 
myi^oft  which  materially  changed  the  original  idea  and  c<ms(itu- 

tion  of  the  British  House  erf  Commons. 
Under  the  giiu*  of  feudal  tenure,  the  possession  of  land  was  conferred  on 
the  condition  of  military  service,  and  of  furnishing  a  fixed  quota  of  armed 
followers,  bearing  the  same  relation  to  the  landlord  as  he  did  to  the  sove- 
reign. Land  under  its  feudal  rebtions  was  regarded  as  a  thing  out  of  com- 
merce altogether,  and  no  idea  was  entertained  of  its  being  a  certain  amount 
of  property  appreciable  at  a  money  value.  It  was  estimated  to  be  an  in- 
alienable "  entirety"  held  under  the  crown,  and  the  gift  and  the  condition 
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of  tenure,  with  the  concomitant  obligations,  passed  exclusively  original 
to  the  eldest  Ron,  whose  prior  right  in  every  affair  has  been  re- 
cognized  froin  the  first  dawn  of  civilization  and  of  social  arraugementa. 
This  **  hackbone  '  of  ieudaliam  has  been  copied  into  the  laws  of  real  pro- 
perty, as  the  landu  tenned,  along  with,  its  immovealile  anbordinatioiiB,  in 
contradistinction ;  or  of  personal  property,  which  consists  of  moveable  goods 
of  every  Und  that  are  evanescent  in  quality  and  perishable  in  the  nature. 
When  tike  growth  of  towns,  and  the  influx  of  money,  along  with  other  cir- 
comstancea,  compelled  land  to  be  an  article  of  ordinary  bargain  and  sale, 
and  of  conversion  into  money  and  reconversion,  the  custom 

PrimogenU 

was  continued  of  devolving  on  the  eldest  pon,  the  inhentance  of 
the  landed  property:  it  was  ultimately  restricted  by  law  to  cases  of  intes- 
tacy only.  This  law  of  priTno2:oniture  has  been  much  reviled,  as  "to  enrich 
one  it  beggars  all  the  rest  of  the  children,"  and  as  inahinij  distinctioTis, 
which  tend  to  disarrange  and  disunite  the  Irarne- work  of  society.  But  in 
the  main  it  has  been  productive  of  much  good  :  the  landed  property  has 
been  preserved  in  &ir  and  suitable  divisions,  which  uphold  the  influence 
and  support  the  respectability:  it  has  been  kept  from  being  nMmdaiMM 
partitioned  in  minute  sub-divisions,  which  derange  the  general 
utility  and  take  away  the  power  of  its  own  improvement  by  the  total  want 
of  means.  Feudalism  saw  that  its  purposes  required  the  grants  of  land  to 
be  large  rather  than  small,  and  civilization  finds  that  to  be  improved  and 
its  resouTces  developed,  land  rnnst  he  in  the  bands  of  wealth  of  an  amount 
that  is  able  to  furnish  tlie  sufficient  means  for  that  purpose,  and  aiso  to 
make  tht;  snital)le  family  provisions  that  attend  the  relationf*  of  human 
nature.  In  Britain,  primogeniture  applied  iu  cases  of  intestacy  only,  and 
most  completely  differs  from  the  arbitrary  laws  of  continental  Europci 
whicli  divide  tlie  land  among  the  children,  without  or  with  the  dutoa  tum 
parent's  cons^t.  This  compulsory  partition,  though  seemingly  ^l^^nt 
founded  on  justice  and  eqnity,  has  been  found  very  injurious  to  "'^uKipe, 
the  general  interest,  and  not  very  profitable  to  tiie  parties  ihemselvesy  who 
obtain  shares  of  insufficient  amount,  and  which  must  be  assisted  by  other 
pursuits.  The  evil  has  been  produced  hy  an  extreme  of  the  application, 
which  in  a  well-meant  intenseness  overlooks  the  contiiigeneies  that  are 
near,  and  the  consequences  thai  arc  remote.  It  has  been  much  g^d  leu 
more  hurtful  than  the  wse  of  primogeniture,  even  in  the 
opinion  of  its  warmest  admirers. 

Land-ownership  is  thus  privileged  with  the  application  of  a  law,  which 
in  cases  of  mtestacy  conveys  the  property  intact  to  the  eldest  son,  or  heir- 
at-law,  who  receives  the  patrimony  in  exclusion  of  aU  other  claims.  It 
meets  our  approbation  in  so  fiu:  as  it  presecvea  the  land  in  portions  suffix 
cient  to  support  its  respect  and  maintain  its  dignity,  and  by  which  the 
general  utility  is  developed,  and  the  efficiency  remains  unimpMred.  When 
divided  estates  of  land  are  held  in  one  possession,  the  parental  judj^ent 
must  exercise  its  discretion  in  de%nsing,  by  will,  the  due  hequeathments 
of  the  adec^uate  value  and  amount.   And  if  by  intestacy  the  whole  landed 
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property  goes  to  primog«mtiire,  the  next  rovohtion  in  the  family  of  pos- 
eession  may  correct  the  di8crepftD<7,  and  modify  the  standard  of  in- 

heriuince, 

A  etretrb  of  primogeniture  lia?  produced  the  c^ntail,  by  whicli  landed 
Entail  of  property  is  devised  by  one  posscssoi-  to  pasa  for  ever  in  one  line 
of  possessioD,  as  juay  be  defined  in  the  deed  of  settb;ment  It 
alao ^passed  free  of  all  debtei,  which  were  obliterated  on  the  suecespor  re- 
ceiving the  property.  This  regulation  has  proved  a  complete  snare  to  the 
commercial  dealer,  who  waa  debarred  from  touching  the  property  itaelf, 
and  who  found  hie  dauns  wholly  eztingniehed  by  the  exchange  of  pro- 
prietors. The  entail  of  landa  of  a  proper  and  moderate  extent  in  a  direct 
Stretch  of  succcflsion  Constituted  no  evil  of  itself,  it  waa  only  pri- 

mogeniture  aecured  by  a  regulated  assignment*  which  set  aside 
any  other  intentions  on  that  point.    But  very  questionable  was 
ttuudUiig  itf  the  extinction  of  debts  of  all  kinds  at  cvory  changa  of  ownership, 
4el>toliiirtAa  ti^g  iniquity  was  palpable, and  the  damage  to  society  necdod  not 
any  demonstration.    The  remedy  was  simple,  in  leaving  the  property  to 
pass  intact,  and  in  the  law  allowing  the  creditor  a  tixed  annuity  till  paid 
his  claim  from  every  suocessor  in  the  property.   As  the  entail  stood,  a 
barrier  was  raised  against  any  movement  on  the  property,  no  improvements 
could  be  done,  nor  any  liability  contracted.  The  hands  of  the  landlord 
were  &stened,  and  his  willing  energies  rendered  useless.   In  many  cases^ 
thedifficulty  of  improvement  lie  ;  r  !ess  in  the  unwillingness  or  ignorance 
rertrieto  1m-  of  the  landowner,  tlian  in  the  irrelevance  of  the  proposed  advan^ 
fffftmrnu.         ^      perronal  interest?  in  hiB  parental  or  other  capacity,  or 
in  his  pecnniary  inability  to  undtrtalo'  it.    The  landlord  may  be  the  father 
of  a  large  family,  ail  uuprovided  for,  except  the  eldest  son,  npon  whom  the 
estate  devolves,  and  ©very  outlay  oa  the  laud  only  adds  to  tbe  t^ettled  in- 
heritance, to  the  loss  of  the  unportioned  part  of  his  lamily,  or  he  may  be  a 
young  proprietor  just  come  into  a  possession  burdened  with  jointures, 
mortgages,  and  the  unpaid  portions  of  younger  brothers  and  sisters  charged 
npon  his  estate.   Debts,  mortgages,  and  incumbrances  will  be  incurred  in 
the  course  of  human  trsosactions,  and  whenever  a  landed  security  can  be 
got,  an  encouragement  is  held  out  to  advance  money  upon  it.  It  is  certain 
Biudtiis  i>/  ^^at  not  more  than  one-half  the  income  derived  from  land  truly 
belongs  to  its  nominal  owners,  and  the  proportion  has  by  many 
well-informed  x>erson!i  been  estimated  at  not  more  than  one-third.  The 
Wmamder  belongs  chiefly  to  others,  to  rnortgagoes,  rent-charge  owners, 
jointresses^  annuitants,  and  the  like ;  while  the  nominal  owners  bear  all  the 
costs  of  management,  and  all  the  accidental  or  occasional  losses  which  are 
necessarily  incident  to  landed  property,  whether  held  beneficially  or  other- 
wise.   Such  cases,  and  others  of  a  simUar  natore,  form  the  hurge  majority : 
absolute  and  ind^endent  ownership  is  a  rare  oecurrence. 
Disruptions    Thcsc  impediments  have  been  somewhat  removed  by  the  par- 
to  lajoa?  ^  disruption  of  large  entails,  and  by  a  recent  act  to  lay  out 
»o»oV'     <ca|dtal  upon  the  settled  estates  in  such  a  manner  aa  to  ccostitate 
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a  separate  investment,  devolviag  m  rent-charge  upon  the  beii-at-law,  or 
next  in  the  settlement.    It  remains  to  be  seen  whether  these  meaaures 
shall  prove  only  momentarily  advaat^eoua  or  pennanently  of  the  benefits 
that  hAveheen  expected.   The  borrowing  of  capital  to  carry  on  business 
of  any  kind  is  not  generally  to  be  approved,  and  it  is  preferred  to  rednce 
the  business  to  the  capitaL  Loans  of  money  contracted  upon  the  Loaii»  of 
provision  of  the  principal  and  interest  being  repaid  together  in  Xantou°* 
a  fixed  nmnber  of  years,  seem^to  double  the  evil  whirh  ar(?  in- 
tended  to  be  modified,  by  eneouraging  a  course  of  investment  wiiicb  will 
call  for  artificial  aid  to  support  it,  and  by  strengtbcning  and  indirectly  sub- 
eidising  a  svsiem  of  family  entail,  as  aiz;ain8t  pnrcha-^ers,  and  thus  prevent- 
ing the  application  of  free  capital  to  the  soil,  wliich  bhould  be  facilitated  by 
every  wise  government. 

But  if  there  be  not  a  sad  deficiency  of  judgment  in  the  application  of 
capital  in  the  improvement  of  landed  property,  snch  incumbrances  and  an- 
nnal  charges  as  are  incurred  by  the  government  loans  of  money  are  very 
trifling  in  comparison  with  the  quick  and  lasting  benefits  that  are  derived 
from  the  drainage  of  arable  lands  that  are  fitted  to  repay  the  cost,  from  the 
erection  of  suitable  and  well-dcjisrned  farm  bnildings,  and  from  the  plant- 
ing of  waste  grounds  that  are  naturally  removed  beyond  any  spe-  ^^^^^^^ 
cies  of  cultivation.  The  two  latter  purpose.H  are  only  in  prospect,  judgment  is 
but  must  soon  be  included  in  the  act  j  and  taoiigh  the  profit  of 
plantations  be  of  a  distant  nature,  it  must  be  reckoned  an  application  of  a 
most  suitable  kind  as  a  permanent  investment.   The  raising  of  embank- 
ments  and  the  cutting  of  water-courses  may  also  be  included  in  the  provi- 
sions of  the  act,  and  thus  comprebend  the  most  obvious  and  tangible  im- 
provements that  can  be  effected  on  laud.   The  charge  must  be  reckoned 
trifling  in  respect  of  the  benofiff?  derived,  and  as  tbe  tenant  will  assist  with 
the  draining  of  land  and  tbe  erection  of  farm  buildlngf  ,  the  charge  is  in 
these  two  points  vory  mueb  lightened  to  tbe  proprietor  of  tbe  land.  And 
the  benefit  remains  witli  him,  for  the  tenant  cannot  carry  away  or  undo 
the  labour  he  ha*  expended  in  usbiating  the  drainage  of  land,  or  in  the 
erection  of  farm  buildings.   The  policy  has  been  questioned  of  Tounger 
securing  by  the  act  the  outlay  of  money  on  settled  estates  sepa^  ei>iuMii. 
rate  from  the  inheritance  in  investments  for  younger  children,  as  being  a 
fresh  edition  of  ostensible  ownership,  tihenexthmr  being  a  mere  rent-payer 
for  his  predecessor's  improvements,  the  rent-charge  of  which  will  belong 
beneficially  to  others. 

The  position  of  the  landlord  who  is  tenant  for  life,  and  of  the 

Holders  of 

farmer  who  is  t  enant  at  will,  is  strictly  analogous.  In  both  cases  the  uod £ar  life 
outlay  of  private  capital  is  diseonragcd,  in  both  eases  tbe  natural 
policy  of  reducing  the  extent  of  land  to  the  means  that  are  at  command,  is 
preferable  to  the  expediency  of  the  artificial  and  temporary  aid  of  loans. 
The  improvement  ^eeted  by  drainage  has  been  allowed  an  exception  to 
two  rules  of  polity— one  public  and  tbe  other  private;  the  first  against  the 
loaning  of  government  fimds  to  individuals,  and  the  ether  against  entering 
npon  investments  with  borrowed  capital.  This  compliment  has  been  seen 
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to  be  well  deserved  by  the  operatiutis  of  the  Drainage  Act.  It  has  been  ob- 
jected that  it  goes  to  keep  lands  beyond  tbe  reach  of  commerce,  which  every 
iwtliiiiirtfta  P**^**^  should  discourage.  But  in  transfers  of  laud  very 
'  much  nnoertainty  prerails — the  new  comer  may  have  different 
views  from  tihe  old  poeseBsor,  who  may  be  suppoeed  to  have  better  local 
knowledge  and  more  solid  views  of  the  wants  and  capabOities  of  the  land. 
In  many  cases,  loans  may  be  much  more  beneficial  when  jndicionsly  ap- 
plied  than  an  influx  of  capital,  which  most  seek  its  way  for  use,  and  its 
vents  for  application. 

Goremment  government  loauB  of  mcTiey  can  "be  applied  only  to  the 

purposes  of  improving  the  land,  which  enables  the  jiroprietor  to 
provide  for  his  yoangor  family  \\'ith  the  rental  of  the  property. 
Nor  can  any  heir  of  land  with  any  reason  object  to  a  chart^e  being  paid 
annually  for  improvements  of  which  be  derives  both  the  immediate  and 
Draining  bsDefits.    Drained  lands  are  of  large  value  over  wet 

i)uudi«g«Ujid  gronnds,  commodious  and  substantial  farm  buildings  ofier  a 


'  strong  enticement  to  a  spirited  tenant,  and  rising  plantations  are 

an  encouragement  in  sheltering  cultivated  lands  for  the  use  of  stod^. 
Such  provisions  justify  the  incurring  of  a  rent-charge,  which  differs  wholly 
from  common  debts  tliat  have  been  contracted  for  other  purposes,  and  ex- 
haust instead  of  renc^^illg  the  sources  of  the  property.  No  char,2fe  claims 
the  name  of  debt,  which  pays  itself  by  its  own  action,  as  in  tbe  case  of 
lauded  improvements.  The  p.:  culinr  position  of  many  landowners  is  very 
much  promoted  by  the  government  advances  ol"  money,  the  negotiation  of 
moat  uMitai  ^^^^  Simple  and  firmly  regulated,  and  admits  no  jarring  or 
'  tendency  to  litigation.  Much  good  has  been  done,  and  very 
comprehensive  benefits  will  accrue  from  the  inevitable  enlargement  of  its 
provisions,  as  has  been  already  suggested  in  the  application  to  farm  build- 
ings, plantations,  embankments,  roads,  water-courses,  and  permanent  pur- 
poses of  every  kind. 

Gneumbond  When  an  ogtate  of  land  has  got  encumbered  witli  debts  and 
burdeuti  that  arc  absobiti  ly  l>eyond  the  power  of  recovery,  and 
the  property  is  incapable  ol'  sup[! ru  ling  itself,  or  of  afTording  a  maiutcDance 
to  Ae  owners,  a  power  ought  to  be  lodged  in  the  law  court  of  the  last  re- 
sort, by  which  to  sell  the  property,  extinguish  the  burdens,  apply  the 
residue,  and  convert  the  land  to  the  free  course  of  the  legitimate  purposes. 

The  want  of  this  remedy  has  been  long  felt,  and  is  now  applied 
in  Ireland,  where  the  just  expectations  are  being  realized.  Snch 
a  course  is  essentially  necessary  for  public  purposes,  and  to  relieve  tbe  pro- 
prietors from  A  burden  intolerable  to  themselves,  and  most  obnoxious  to 
the  future  inheritance. 

The  landowner  has  been  gradually  relieved  of  the  (Micnnibrances  wliich 
were  placed  on  landed  property  in  order  to  fpcnre  tlie  successive  inlieri- 
taace  at  a  time  when^ihe  appropriation  of  it  had  not  discovered  the  just 
purposes  of  its  use,  and  tlie  true  development  had  not  appeared.  As 
Aiteri-d  population  increased,  tlie  social  organization  was  enlarged,  new 
wants  arose,  and  fresh  demands  clamoured  for  satis&ction.  Tbe 
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traanmels  of  fettdal  poliqr,  and  the  fetters  of  aelfieli  monopolyy  -were  com- 
pelled to  eacoomb  before  the  rise  end  growth  of  free  ideas  and  liberal  in. 
Btitntions;  and  the  changeB  that  were  compelled  to  be  adopted  contribated 
moet  powerfully  to  the  benefit  and  aggranrHzement  of  the  owners  of  the 
soil.  The  relaxations  have  been  slow  and  very  gradual,  and  have  been 
forced  by  circumstances,  ratiier  than  adopted  iiom  conviction,  of  justice  and 
utility. 

Experience  Boon  showed  that  tlie  owner  of  a  large  tract  of  land,  even 
when  he  has  the  requisite  capital  or  knowledge,  could  not  saocessfully  be- 
come the  great  farming  merdiaat  of  hie  own  acres,  or  employ 
Ihem  so  advantageously  in  any  way  as  by  letting  them  in  sub-  '""^ 
divided  portions  to  others.   This  very  obvious  conclusion  soon  led  to  the 
giving  to  other  persons  the  use  of  the  lands  in  definite  portions  on  paying 
to  the  superior  a  fixed  quota  yearly  t  first,  of  personal  services ;  next,  of  the 
different  kinds  of  produce  ;  and  lastly,  of  money  only.    The  land  was  long 
held  by  the  payment  of  services  and  of  produce,  and  the  feudal  doniinion 
existed  over  the  goods  of  the  tenant  in  lialiility  for  the  debts  of  the  pos- 
eesdor  of  the  soil.    The  holding  existed  only  for  tiie  life  of  the  grantor, 
and  for  one  year  during  his  pleasure.    This  uncertainty  was  not  removed 
till  near  the  end  of  the  fifteenth  century,  when  the  goods  of  the  tenant 
were  declared  not  liable  for  the  debts  of  the  landlord,  and  a  tenure  for  a 
specified  number  of  years  was  held  good  against  the  successors 
in  the  property.   These  two  acts  fixed  the  basis  of  the  position 
of  the  tenant,  and  consequently,  of  the  success  of  British  agriculture. 

The  tenant  of  land  is  the  holder  of  a  certain  extent  of  ground,  for  the 
use  of  which,  in  oultivation.  lie  pays  to  the  owner  of  it  a  fixed  amount  of 
money,  which  in  commonly  called  the  yearly  rent  of  the  farm,  or  of  the 
land  that  is  used.    On  thie  cxuantity  of  laud  the  farmer  employs  a  capital 
that  is  at  first  floating,  and  gradually  becomes  fixed,  by  means  of  beii^ 
invested  in  the  soil,  by  increasing  its  productiveness,  from  operations 
more  or  less  permanent  in  their  nature.   Every  operation  requires  the 
means  of  performance,  and  results  can  only  come  from  causes  that  are 
adequate  to  produce  them.   The  tenant  of  land  who  employs 
these  mrnns,  most  naturally  expects  to  enjoy  the  results,  and  to 
r'^;^p  the  benefit  of  his  operations.    He  looks  to  the  landlord  to  grant  him 
the  necnrity  of  enjoying  the  reward  of  his  labours,  and  of  reap- 
ing the  harvest  of  tlic  seeds  which  he  has  sown.    Tiie  position 
of  the  tenant  is  based  on  this  primary  foundation,  which  the  landlord  can- 
not with  any  justice  refuse  to  grant,  far  he  will  not  himself  build  a  house, 
make  a  road,  or  plant  a  tree,  till  tbe  rights  of  property  are  securely 
granted  him,  and  he  cannot  with  any  reason  expect  others  to  do  what  he 
will  not  do  himself  under  exactly  similar  circumstances.  Capital  recoils 
with  instinctive  abborrence  from  the  want  of  security ;  and  next  to  the 
preservation  of  human  life,  the  safety  of  property  constitutes  the  leading 
feature  of  civilized  society.   Without  tiiis  safeguard,  capital  re-  ^^  at  vaim 
mains  in  a  useless  condition,  labour  is  unemployed,  and  the  "''em. 
population  is  deprived  of  the  legitimate  enjoyments  of  their  vested  inheri- 
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tance.   It  is  found  to  be  most  essentially  necessary  in  every  case  of  rear* 

ing  a  durable  superstrnctore,  to  find  a  firm  foundation  on  which  to  lay  the 
rests  of  the  constnicdon ;  if  it  he  unstable  and  shifting,  the  aversion  will 

quickly  appear  of  refusing  to  expend  capital  and  time  in  an  undertaking 
of  that  precarious  and  fluctuating  constitution.    The  security  must  he  ex- 
tended over  a  time  that  ia  sufficient  for  the  development  of  the  intended 
pur])ose,  which  must  he  cah/ulated  in  strict  rehition  with  the  elements  on 
which  the  action  will  be  exerted.    The  nature  of  tlie  productions  of  land 
requires  a  much  longer  time  than  many  other  employments  in  which  to 
LvagA  of    repay  the  cost  of  cultivation,  years  are  required  for  each  hind  of 
tanura,       produce  to  contribute  a  share  of  the  outlay  that  has  been  made. 
Hence,  a  short  tenure  is  nothing  better  than  a  yearly  holding,  if  there  is 
more  time  to  expend,  there  is  a  very  insnfficient  opportunity  to  r^p  the 
fruits  that  are  grown.  "  Give  a  man  the  secure  possession  of  a  hlcak 
rock,"  P-Rjs  Arthur  Young,  "  and  he  w  ill  turn  it  into  a  g-arden — give  him 
a  nine  years'  lease  of  a  garden,  and  he  will  convert  it  into  a  dc^rt."  It 
is  not  possible  to  banish  from  tlie  mind  of  the  t<  nant-at-\vill  the  very  pal- 
pable truth,  that  every  improvement  he  makes  on  the  land  is  producing  a 
value  to  others,  and  in  all  probability  raising  the  rent  against  himself. 
mo«t  eiwa.  ^"idcs,  the  annual  expenditure  that  is  necessary  to  carry  for- 
tMij  nMes-  ward  the  current  operations,  many  contingencies  occur  that  are 
unavoidable,  and  which  trench  upon  the  capital  of  the  tenant  It 
is  imi>08sible  to  cultivate  land  in  any  profitable  way  without  incurring  an 
expenditure  more  or  less  beyond  the  bare  necessities  of  a  pinched  utility 
of  the  ground.    The  tenant  may  have  a  well-grounded  and  unbounded 
conlidence  in  the  owner  of  the  pmperty,  tJiat  ho  will  not  bo  disturbed  by 
him,  nor  denied  the  ivu'iU  of  hi?  labours,  but  h^-  has  no  knowledge  of  the 
successor — a  widow  in  straitemd  <  ire  urn  stances,  who  may  be  compelled  to 
use  every  means  to  raise  money — a  minor  under  unscrupulous  guardians, 
Danger       who  wlll  stickle  at  uo  poiut  in  order  to  accumulate  the  wealth  of 
want  of  it,    ^^j^,  f^^^^    some  prodigal  hunter  or  lover  of  the  turf,  who, 
in  order  to  gratify  his  passions,  cares  not  for  to-morrow,  nor  even  for  the 
afternoon  of  the  present  day.    These,  and  many  other  changes  of  a  similar 
kind,  stare  in  tiie  face  tiie  tenant  a\  ho  depends  on  the  faith  that  is  not 
beyond  chance  and  accident,  and  convince  him  of  the  inconvenience  of  his 
situation,  and  the  irksome  apathy  to  which  he  is  reduced.    The  conse- 
quences never  fail  to  re-act  upon  the  landowner  himself,  who  finds  a  dimi- 
nution of  his  rental  to  happen  yearly,  in  order  to  supply  the  necessary 
demands,  of  which  the  situation  of  the  tenant  prevents  the  performance. 
He  soon  finds  that  it  is  much  easier  to  uphold  than  to  restore,  and  that  fer- 
tility when  once  abandoned,  requires  much  time  and  cost  to  be 
repaired.   The  tenant  finds  a  constant  diminution  of  his  sup- 
plies, and  fears  to  use  the  means  of  increase,  as  others  may  obtain  the  aug- 
mentation.  Habit  and  custom  may  accommodate  the  minds  of  men  to  such 
a  mode  of  tenure,  as  by  it  the  natural  indolence  is  cherished,  and  exertion 
is  not  required*   A  rent  is  raised  by  certain  means  which  have  been  long 
practised,  and  are  well  understood no  prejudices  require  to  be  removed 
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nof  any  entertainment  mtde  of  tionUesome  InnovadenB.  Exertion  end  in* 
dependence,  wMch  are  the  life  andsonl  of  inditstry  andezertion,  are  wholly 
lost  Not  only  all  great  itaprovements,  but  even  the  most  common  work^  o  f 
tbe  season  will  be  imperfectly  performed|  and  little  canbeliazarded  beyond 

the  expenses  which  the  returns  of  the  year  will  defray,  when  tke  farmer 

cannot  look  to  the  future  wifh  seciiritv.    Cupital  will  be  spa- 

'  \        upon  i}verf 

ringly  ex|)ftn(]o<l  ou  auother  man's  property  when  that  t^ncurity  kind^^c^pro* 
of  possession  is  denied,  which  is  essential  to  the  safe  and  pro- 
fitable application  of  money;  the  agriculture  of  the  country  will  never  ar- 
rive at  the  advanced  condition  of  which  it  is  eueceptible ;  and  the  persons 
employed  in  tbe  occupation  will  lag  behbd  tbe  other  productive  classes  in 
their  means  of  improving  their  art  and  acquiring  knowledge. 

Not  only  tbe  landlord  but  the  country  suffers  by  tbe  improved 
condition  of  the  public  territory,  from  the  want  of  just  and  fitting  tenures 
on  his  estate.  Mnch  land  remains  uncultivated,  or  is  kept  in  a  very 
inferior  condition  of  growing  grass,  whicli  render.s  .security  of  comparatively 
less  value,  a3  the  land  rcqnircij  little  expenditure,  that  cannot  be  re- 
placed witliiu  the  year,  and  a  long  possession  is  not  absolutely  ouitimtioii 
necessary  to  enable  tbe  rearing  and  feeding  of  cattle  and  sheep.  ^  kMeMd. 
This  state  of  things  incurs  a  large  diminution  of  the  general  production, 
in  which  every  individual  of  the  community  is  interested,  from  tbe  pea- 
sant at  the  plough  to  the  peer  who  legislates  for  universal  sadsfaction. 

It  has  been  urged  against  leases  of  land,  that  the  ^mers  themselves 
set  no  value  upon  them ;  but  this  argument  leads  to  a  very  difierent  con- 
cTnsion  than  the  intended  contradiction.     The  absence  of  security  has 
engendered  an  utter  ignorance  in  the  cultivation  of  the  soil,  of  the  means 
of  employing  their  own  capital  with  advantage,  has  indisposed  them  to 
the  exertion  which  improvements  demand,  and  ha.>  produced  a  better 
contentment,  with  an  easy  rent  and  dependent  condition,  than  with  the 
prospect  of  an  independence  to  be  earned  by  an  increased  labour  ig.ior  ^ce 
both  of  body  and  mind.   The  rent  is  lower  and  requires  less  i^enUt^ 
exertion,  and  the  eye  having  been  accustomed  to  behold  one  P*«Ano^' 
state  of  things,  no  other  condition  can  be  entertained.    This  tenan^ 
having  become  the  habit  of  tbe  country,  not  only  re-acts  upon  the  condi- 
tion of  the  occupiers  of  farms,  and  the  means  of  perfecting  their  own  art, 
but  it  affects,  essentially  and  directly,  the  interests  of  the  landowner  and 
the  country. 

The  only  fitting  security  for  a  man  who  has  capital  to  employ  in  the 
cultivation  and  improvement  of  land,  is  a  written  covenant  subsisting  for 
a  definite  and  adequate  period.   The  term  must  be  defined,  in  order  that 
the  property  may  not  seem  to  be  alienated,  and  the  period  of  time  must 
be  adequate,todraw  back  by  periodical  returns,  in  the  lapse  of  years,  the  capi- 
tal that  has  been  expended.  It  is  the  peculiar  nature  of  tbe  returns 
from  land  to  be  extended  over  a  number  of  years,  and  to  be  ven.-int  the 
obtained  in  a  succe^on  of  crops  that  are  ;d lowed  by  tbe  sea- 
son ;  and  not  only  is  a  period  required  to  effect  the  operation,  but  a  time 
likewise  to  recover  the  funds  expended.   The  employment  completely 
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differs  from  nuumfMtiirM  of  perishable  artioles ;  ihe  reeolte  of  one  opera- 
tion are  generally  snfBcient  to  reimbone  the  outlay,  and  the  capital  ia 
restored  with  recompense.   The  changes  of  summer  and  winter  do  not 

interfere  with  the  proceedinj^s,  nor  does  the  want  of  Beoarity  affect  the 
use  of  the  means  that  are  necessary  to  promote  the  advancement.  The 
machine  is  tlic  prr^perty  of  the  person  who  erect*  it  for  the  purposes  of 
trade,  and  the  more  perfect  it  is  made,  the  mure  profit  will  be  derived  by  the 
Litid  diffen  Bntno  such  assiuance  reste  with  the  cultivator  oi  the  soil, 

ft^om^aaa.  who  tills  the  ^eat  machine  on  whieh  his  all  depends.   It  is 

the  proper^  of  another,  who  will  in  the  end  profit  by  the  im- 
provements  which  are  made  by  the  temporary  possessor.  The  manniac- 
tnrer  receives  directly  the  profits  of  his  stock  in  trade;  the  farmer  must 
share  the  profits  with  another,  who  risks  neither  money  nor  labour.  The 
farmer  it,  iettercd  by  conditioiif  imposed  upon  no  other  class  of  traders,  and 
the  inconvenioiu'ti  of  obtoiniug  returns  for  the  current  cxpeudiiure  mure 
slowly  than  iu  any  other  occupation,  are  frequently  attended  witli  tlie  uncer- 
tainty, if  the  capital  adyanced  can  ever  be  recovered.  The  employment 
Lonj,or  secu-  <^pitel  ott  the  property  of  another,  must  ever  be  attended  with 
mj  nooea.    certain  drawbacks  that  are  not  easy  of  adjustment  with  relation 

to  the  value  of  the  returns:  but  the  insecurity  with  respect 
to  the  future,  and  where  the  possessor  cannot  employ  his  fands  in  the  man- 
ner which  his  interest  requires,  will  greatly  increase  the  inconvenience 
and  perplex  the  equitable  adjustment  in  an  affidr  where  just  concessions 
are  esfieri rial  to  any  I'^fritimate  compromise. 

The  security  of  possession  being  the  basis  of  the  posirion  of  the 
farmer,  constitutes  the  foundation  on  which  all  the  other  relations  depend : 
without  ity  the  very  best  arrangemente,  and  the  most  favourable  subordi- 
nations are  impotent  and  wholly  useless.   Not  that  other  points  of  posi- 

"ccurity  tLc  ^^^^  *       ^  fonuiug  tbs  proper  place  in  which 

bue  of       the  cultivator  of  the  soil  must  be  located.   The  sequel  of  this 

ftrming,  chapter  will  show  the  value  and  necessity  of  the  accompommente ; 
but  unless  they  arc  based  on  freedom  of  action  and  security  of  possession, 
DO  eorrcaponding  benefits  accrue  from  the  attnndanee  of  the  isrtlated  at- 
tachments. The  action  of  the  whole  possessions  is  paralystid  and  ren- 
dered of  none  avail,  hj  reaboo  of  the  want  of  the  icver  power  to  raise 
the  joint  operations.  With  every  propriety  and  the  utmost  justice,  the 
with  every  *ecurity  of  tenure  in  land  for  an  adequate  period  of  tune,  is  made 
K»iuce    ^  occupy  the  first  place  in  every  arrangement  of  relations 

between  the  owner  and  occupier  of  the  soU.  No  sane  person 
will  involve  himself  in  any  undertaking  without  that  essential  provision. 

The  capital  of  the  farmer  beins^  expended  on  pccnrity  of  tenure,  comes 
next  to  be  used  upon  the  capital  of  the  landlord,  wliich  is  t^unk  in  the 
permanent  provisions  which  are  required  to  make  the  land  advantageous 
to  the  occupier.  These  provisions  constitute  the  furniture  of  the  farm, 
Furaiiujo  of  without  which  the  occupation  cannot  be  converted  into  the  be- 

neficial  purposes.  The  nature  of  the  utensils  is  durable,  as 
^""^^     being  fixed  upon  and  growing  in  the  soil,  and  continue  for  years 
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to  fulfil  tho  intentions  of  the  formation,  consequently  they  become  exclu- 
fiivdly  tke  province  of  the  landlord,  and  are  entirely  of  hia  concern  in  the 
cultivation  of  the  soiL  The  outlay  of  the  necessary  fixed  capital  must 
be  regarded  as  that  wMch  faUs  peculiarly  and  primarily  upon  the  owner 
of  the  land,  and  which  cannot  be  devolved  on  the  temporary  occupier 
without  a  more  than  corresponding  sacrifice  of  the  permanent  interests  of 
an  estate.  The  capital  being  expended  by  the  landlord,  who  receives  in- 
tnrent  on  the  outlay,  in  the  form  of  the  greater  rent  wMdi  the  land  is 
rendered  capable  of  yielding. 

The  two  interests  involved  in  the  profitable  occupation  of  the  soil,  are 
the  permanent  and  the  temporary,  or  the  owner  who  holds  in  peipctuiLy, 
and  the  farmer  who  uses  the  soil  for  a  specified  daratt<nu  Hence  the 
provisions  that  are  durable  in  nature,  and  which  fulfil  the  purposes  of  use 
for  a  length  of  time,  are  very  naturally  assigned  to  the  cost  of  the  land- 
owner, whoae  interest  in  the  land  accords  with  the  servicea  of  the  pro- 
visions. To  the  tenant  who  holds  for  a  fixed  period  of  lime,  j^^^u  by 
there  is  naturally  assigned  the  temporary  upholding  of  the  fur- 
niture  which  he  useSj  on  his  receivinc:  the  raw  material  of  which  the  fur- 
niture is  made.  This  arrang:onient  well  coincides  with  the  temporary 
interest  of  the  tenant.  He  uses,  but  does  not  afford;  he  repairs  the  wear 
of  application,  but  not  tin!  decaya  of  nature;  and  maintaius  the  lixed  ap- 
pendages in  the  current  going  order. 

The  first  object  of  attention  and  necessi^  in  the  cultivation  of  land,  is 
the  adequacy  of  the  houses,  or  buildings,  for  the  use  of  the  fanner:  and  of 
these  erections,  the  chief  attention  is  the  dwelling-house  to  be  inhabited 
by  the  family  of  the  farmer.  The  comforts  and  elegancies  of  life  have 
descended  in  Britain  to  the  degrees  of  capttal  which  have  been  estab- 
lished amon;:,^  the  different  grades  of  tfoeiety.eaeh  class  chaliengiiv? 
and  expecting  that  their  vocation  shall  anora  equal  accom-  hawe  oattie 
modatiou  with  similar  grades  of  employment.  The  reaaonabie- 
ness  of  this  expectation  cannot  be  disputed;  the  manufacturing  classes 
have  shown  the  way,  and  the  agricultural  employment  must  necessarily 
follow.  Scarcdy  any  provision  will  form  a  stronger  inducement  for  the 
occupation  of  land  than  a  dwelling  of  suitable  accommodations,  at  least 
to  the  respectability,  which  it  must  ever  be  a  leading  object  with  the 
land-owner  to  induce,  to  settle  upon  his  property.  Several  wants  and  in- 
conveniences will  be  overlooked,  and  even  very  necessary  demands  will 
be  relinquished  in  cases  where  thi«  primary  provision  is  fully  complete, 
and  when  att<'ndGd  with  a  well-stocked  garden  and  or(diard,  the  o^g^^  ^ 
owner  of  land  cannot  devise  any  more  alluring  objects  to  ihe  •«^"«*' 
eye  of  inspection.  Vegetables  and  fruits  are  now  indispensable  arddes 
of  almost  daily  consnmption,  and  a  rural  dwelling  loses  the  name  without 
them. 

The  farmer  having  seen  on  a  farm  a  suitable  accommodation  for  his 

family  and  domestics,  next  proceeds  to  examine  the  buildings  that  are 

intended  for  the  protection  <»f  animals,  and  the  manufacture  of  produce. 
These  erections  must  exist  in  the  coriebpouding  degree  of  conveuience 
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and  uscfulnefis,  ami  in  the  number  reqtQBite  to  the  amount  of  bnsTness  to 
be  performed.  The  inspecting  tenant,  if  he  be  of  the  enlightened  sort, 
will  speedily  ascertain  if  the  number  and  arrangement  of  the  buildingg 
will  suit  the  purposes  of  cnltivation  which  he  intends  to  adopt,  and  will 
point,  at  the  same  time,  to  the  wants  that  appear,  and  suggest  the  omeud- 
ment.  That  the  greateor  part  of  the  fana  buildings  of  the  present  day 
QttMni  are  sadly  defident^'no  person  offen  to  deny^  bat  it  is  pretended 
that  no  snbetitution  has  yet  appeared  to  warrant  the  removal^ 
or  that  no  complete  form  has  yet  been  devised  beyond  which  no  advance 
can  be  made.  But  from  deficiency  to  a  complet^ese  of  no  farther  pro- 
gression^ many  steps  intervene,  and  very  mnch  usefulness  is  ■  contained ; 
neither  nntnre  or  art  advances  by  ftich  extended  leaps,  hnt  by  gradnal 
steps  of  progressive  ascent.  Improved  de^-igns  of  farm  buildings  are 
known  which  will  command  five  per  cent,  on  the  outlay  for  the  lease  of 
twenty  ^ears,  separately  conaidered  as  an  iteui,  or  will  add  very  consider- 
ably to  the  general  rent  of  the  &rm.  Withont  the  proper  accommoda- 
tions, the  live  Bboek  cannot  be  bred  and  reared,  with  the  known  advantages, 
are  most     '^^^  fiP^i^  producc  be  mannfactnred  with  the  economy 

>>«««Mi7*  that  is  requiute  in  the  detailed  business  of  fisurming.  It  is  idle 
to  pretend  that  ideas  are  undetermined  on  the  subject  of  farm  buildings, 
the  progression  in  that  point  is  equal  to  the  general  advancement,  and  the 
adoption  is  only  prevented  by  the  general  aversion  to  change.  To  wait 
lor  a  "ne  j^us  ultra"  perfection  on  any  point,  would  delay  all  human 
progress. 

The  cottage  dwellingij  of  the  labourer©  that  are  required  on  a  farm, 
claim  a  moat  especial  attention  both  from  the  landlord  and  the  farmer. 
Till  of  late  years,  this  department  fonnd  no  notice  in  the  general  esti- 
mate of  the  fomitnre  of  landed  property ;  the  old  hovels,  resembling  pin- 
Ubaam^  folds,  were  considered  sufficiently  good,  and  the  horses  and  dogs 
*"**^  had  more  consideration  than  the  labourer,  who  is  the  life  and 
soul  of  every  act  and  op^tion.  Some  considerate  landlords  have  led  the 
way  in  erecting  very  much  improved  dwellings  for  the  accommodation  of 
labour ;  and  philanthropy  has  appealed  to  the  feelings  of  human  natur© 
in  belialf  of  the  hitherto  nogl(!Cted  portion  of  the  community.  'I'ho  far- 
mer nmst  Boe  that  lie  ha.s  got  accommodation  for  the  labour  he  may  require, 
afforded  in  the  necessary  quantity,  and  placed  in  the  proper  convenience. 
Any  want  on  that  head,  will  form  a  very  great  determent  to  the  embark- 
ing of  a  floating  capital  to  be  productive  of  mutual  benefits.  Immorality 
areindfcpen-  dlscase  hsve  been  widely  propagated  from  the  confinemento 
•able.  in  whidi  cleanliness  cannot  be  adopted,  nor  the  decencies  of  life 
maintamed.  The  civilization  of  the  present  age  demands  a  wider  step 
being  made  at  once  on  this  point  than  on  almost  any  other  provision  of 
the  social  svstem.  "VMien  a  moderate  exaction  in  the  shape  of  rent  has 
been  arranged  Avitb  the  farmer,  and  the  land  has  been  -unply  provided 
with  the  fixed  capital  that  is  necessary  for  the  development  of  the  Boat- 
ing funds  of  the  tenant,  the  attention  of  the  landlord  should  descend  to 
the  condition  of  the  labourer,  by  the  employment  of  whom  both  his  own 
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station  and  that  of  the  cultivator  of  the  soil  is  raised  and  upheld.  Capi- 
tal is  merely  an  accumulation  of  labour,  and  it  is  just  and  reasonable, 
morally  binding,  and  religiously  imperative,  that  its  attention  be  directed 
to,  and  its  care  be  bestowed  upon,  the  comfort  aud  maintenance  of  the  source 
whence  it  originates,  and  by  which  it  is  sustained.  The  owner  of  the 
soil  has  wholly  in  lis  own  handi  the  power  and  the  means  of  providing 
comfort  for  laboar  in  suitable  cottages,  garden  grounds,  bakeries,  ^^^^^^^^^^^^ 
pig-styes,  and  the  supply  of  water :  but  be  is  tinabl  e  to  fix  the  tton  and 
ymg^  of  labour,  as  it  is  a  marketable  article,  and  liable  to  the 
fluctuations  of  supply  and  demand.  But  it  is  more  stationary,  and  much 
lees  evanescent  than  tliose  articles  that  are  strictly  perishable  in  their 
nature,  and  it  is  capable,  if  not  of  a  permanent  adjustment,  at  least  of  a 
temporary  understand ing,  as  to  the  amount  of  the  remuneration.  \\  ith 
this  view  of  the  matter,  the  farmer  may  be  understood  by  the  landlord 
to  pay  labour  in  tbe  highest  rate  that  is  known  to  be  given  in  the  district, 
and  if  that  amount  be  low,  an  advance  may  be  led  in  a  small  progression. 
The  state  of  society  does  not  yet  admit  a  binding  clause  to  i^ia  effect  in 
an  agreement  of  demise  and  use,  but  it  is  quite  possible  to  introduce  a 
tacit  understanding  of  the  performance,  which  may  soon  lead  to  a  public 
avowal  of  the  arrangement,  than  which  nothing  will  more  powerfully 
conduce  to  the  strength  of  society.  It  will  rivet  fast  in  affection  the  con- 
tiguous planes  of  the  social  organization,  and  solder  the  jarring  elements 
of  discord,  it  will  multiply  the  strengtli  of  every  chain,  aud  link  together 
in  a  hrm  union  all  the  junctions  of  the  mixed  connections.  Of  all  the 
plans  that  have  been  designed,  or  that  may  be  intended  for  the  ameliora- 
taon  of  the  labouring  classes,  none  is  so  simple  and  so  effectual  as  tbe 
increase  of  the  commodity  by  whidi  are  obtained  the  essential  necessaries 
of  life ;  and  in  the  case  of  £ei,rm  labourers,  the  landlord  must  lead  the  way 
in  the  provision  of  the  fixed  articles  in  dwellings  and  their  appurtenances. 
An  example  must  be  shown  from  the  highest  quarter,  and  then  the  next 
lowest  can  be  used  by  treaty  to  confirm  and  uphold  the  arrangement. 
Thougb  the  figure  of  tbe  niunerical  amount  of  wages  be  not  named,  the 
sum  can,  nevertheless,  be  cntiirtuined  in  a  tangible  estimate. 

Roads,  affording  a  convenient  and  ready  access  from  the  farmery  to 
the  dififerent  parts  of  the  fann,  are  a  very  essential  part  of  the  provi^ 
eions  that  are  required  by  an  extent  of  cultivated  land.    Most  farms 
acy'oin  a  public  road,  or  are  mtersected  by  it^  and  the  private  roads  wiU 
be  much  guided  by  the  public  line,  both  in  the  direction  they  are  made  to 
take,  and  in  the  number  of  the  paths  they  alSbrd.    The  roads  Roads  and 
must  be  durably  made  by  the  cost  of  the  landlord,  and  the  keep-  SuSS^ 
ing  in  repair  devolves  on  the  tenant.    The  farmer  must  see  that  pio^iaed. 
the  quantity  of  land  whicli  he  intend.^  to  rent  ig  suitably  pro\-ided  with 
the  necessary  intersections  of  access,  or  the  animal  labour  will  be  much 
harassed,  and  the  wheel  carriages  be  unnecessarily  worn. 

If  any  rivers  or  large  brooks  of  water  run  through  the  farm,  or  form 
the  boundary  of  it  on  any  side,  the  overflowings  of  the  swollen  state  must 
be  prevented  by  suitable  embankments,  and  the  courses  assisted  by  being 
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straightened  and  thrown  at  the  tuniinL'K  into  the.  proper  channel.  The 
former  must  ohservo.  that  no  (hiniage.  will  happen  from  overflowinga  of 
sluggish  streams,  nor  from  alluvial  ilais  being  torn  and  wasted  by  impe- 
tuous torrents,  rushing  against  the  baaks  and  wasting  the  soft  materials. 
If  Delect  has  allowed  these  devastations,  the  loss  must  be  estunated«  and 
the  Tecnrrence  prevented. 

Fences  and  gates  constitute  a  part  of  the  fixed  capital  or  furniture  of 
a  farm,  that  demands  a  very  ample  fulfilment  on  the  part  of  the  owner  of 
the  soiL  Fences  enable  the  farmer  to  ^mid  his  crops  from  damage,  to 
Fences  a  Separate  the  different  kinds  of  beasts,  to  divide  into  suitahle  lotj 
^periai  cAre.  ^^^^  gra/.in;^  animals,  and  to  use  the  fields  of  land  in  the;  due  ro- 
tations of  cropping.  Without  divisions,  the:ee  purposes  could  not  be  at- 
tained, nor  the  value  of  the  land  realized,  (  iatcs  arc  no  less  necessary  to 
open  and  shut  on  the  gaps  in  the  fences  that  are  left  for  a  road  into  the 
fields,  and  which  afibrd  an  ingi-ess  and  egress  to  the  animals,  and  to  the 
wheeled  carriages  and  other  implements  when  the  fields  are  cultivated. 
The  fences  must  be  complete  for  the  purpose  of  confining  the  lots  of  ani- 
mals, and  the  gates  must  be  ready  in  the  action,  and  Btrong  in  the  form. 

The  provision  of  water  for  some  special  fields  of  the  farm  may  be  men- 
tioned as  an  appendage  to  the  necessary  furniture  of  the  pop?espion.  A 
^tmiamot  fiehl  or  fields  may  be  required  for  cows'  pasture,  one  for  horses 
or  young  cartle,  to  which  water  may  be  brought  by  boring',  or 
in  pipes  from  a  distance.  This  provision  is'not  general,  but  may  be  very 
properly  hinted  in  this  place. 

Equitable  rents  must  occupy  a  large  consideration  in  fixing  the  position 
of  the  cultivator  of  the  soil.  H&ni  is  the  surplus  of  the  value  of  the  pro- 
duce of  the  land  that  remains  after  every  labour  is  paid,  and  the  fiirmer's 
family  maintained.  This  original  and  very  just  definition  of  rent  has  been 
Rents  mmt  much  eucrosched  upon,  and  almost  wholly  overturned  by  the 

eftuitabie,  revolutions  of  sodety,  which  have  brought  the  word  to  mean 
the  market  price  of  the  soil  as  an  article  of  eommcree  for  the  specified 
time,  from  whieli  the  other  considerations  are  wholly  excluded.  Two 
elements  in  the  present  day,  which  cannot  be  separated  in  practice,  con- 
stitute the  payment  made  by  the  farmer  to  the  owner  of  the  soil,  the  sim- 
ple price  paid  foi  the  use  of  the  land,  and  the  interest  on  the  fixed  capital 
in  the  buildings,  enclosures,  and  other  improvements  which  have  added 
permanently  to  the  productivenees  of  the  soil.  It  is  not  necessary  for  our 
present  jnractical  purpose  to  make  any  illustration  of  the  theory  of  these 
sepanite  elements,  or  to  pursue  the  paths  of  investigation  that  have  been 
and  pncti.  fi>llowed  by  political  writers,  in  order  to  explain  the  nature  and 
calif  ad'  canses  of  rent.  All  land  in  this  countrv'  capable  of  cultivation, 
yields  a  rent  ;  and  also  if  it  produces  the  grasses  in  sufficient 
quantity  that  feed  the  domesticated  animals,  the  rent  will  bear  a  pro- 
portion to  the  fertile  or  barren  quality  of  tlie  soil,  the  favourable  position 
of  the  farm,  and  the  advantages  of  occupying  it  by  buildings  and  other 
necessary  adjuncts. 

No  ndes  can  be  established  in  respect  of  the  proportion  of  the  value  of 
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the  produce  that  shall  be  paid  in  any  caae  aa  rent.  The  mode  of  agricul- 
ture that  is  pursued,  and  the  habits  and  condition  of  the  tenantry  possess 
a  lai^  degree  of  inflnenoe,  the  nature  of  the  returns,  whether  it  be  com 
or  animal  produce,  the  labour  that  may  be  required,  both  in  quantity  and 
quality,  and  the  natural  constitution  of  the  land;  these  are  chief  objects  of 
cm^i deration  in  mal<iii<^'  an  estimate  of  the  probable  amount 
01  n  Jit.  A  larsrer  produce  is  raised  by  the  same  lahour  when  ^if^rond 
used  uudei-  an  iin])rovo,d  system  of  tillage,  and  higher  rents  can 
always  be  paid  where  agriculture  is  most  improved.  Tlie  general  varia- 
tion of  rent  is  from  one-fourth  to  one -half  of  the  value  of  the  gross  pro- 
duce, the  portion  of  one-third  yet  prevails  chiefly  in  the  case  of  perma- 
nent grass  land.  The  rent  depends  on  elements  that  vary  with  the  nature 
of  tho  soil,  the  kinds  of  produce,  and  the  skill  of  the  farmer. 

The  actual  profit  to  be  derived  by  the  iarmer  must  bear  a  ratio  to  the 
capita!  employed  by  him.  The  best  regulated  calculations  award  him 
fifteen  and  even  twenty  per  cent,  with  which  to  support  himself, 
and  bear  the  risks  of  his  trade.  The  fixed  capital  which  must  aUmral^'tiSs 
be  advanced,  should  foim  the  first  calculation  with  tlie  farmer 
who  rents  land  for  use.  The  landlord's  rent  and  the  expenses  are  left  after 
allowing  fifteen  per  cent,  for  interest,  the  profits  of  stock,  maintenance, 
and  the  risks  of  trade  to  the  &nner. 

Rents  might  be  fairly  adjusted  if  the  prices  of  produce  remained  the 
same  or  nearly  the  same ;  but  the  greater  or  less  supply  causes  fluctuations, 
and  also  causes  that  could  not  be  foreseen  or  provided  against  at  the  time  of 
contrax't.  Fair  assumptions  with  respect  to  prices  and  produce  form  the  safe-it, 
ground  for  those  who  h;t  as  well  m  for  those  who  take  bind,  and  founded  on 
their  knowledge  of  the  past,  joined  with  reasonable  analogies  with  resj.ject  of 
the  future :  the»e  data  will  lead  to  safe  concludioiis  about  rent.  Fewer  mis- 
takes would  be  committed  both  by  landlords  and  tenants,  if  more 
care  was  bestowed  on  the  above  assumptions.  There  is  a  constant  to  riw  nther 
tendency  in  Britain  for  rents  to  rise  rather  than  fall,  from  the 
difficulty  and  necessity  of  finding  employment  for  capital,  and  the  limited 
supply  of  farms  in  the  market.  There  is  ever  a  greater  hazard  that  the 
landlord  shall  receive  or  obtain  the  promise  of  too  high  a  rent  from  the 
eagerness  of  competition,  than  that  he  will  suiter  loss  from  the  land  being 
underlet. 

This  tendency  in  the  rent  of  land  to  rise,  and  the  caiises  which  produce 
it^  claim  an  important  attention  in  the  management  of  landed  property ; 
it  should  be  partially  <^eeked,  rather  than  keenly  encouraged.  A  land- 
owner or  any  other  proprietor  never  can  be  able  to  take  an  impartial 
view  of  the  value  of  that  in  which  he  has  so  great  an  interest  in  render- 
ing avaihihle  as  a  source  of  income  ;  but  in  every  view  of  the  Mu^t  be  mo- 
subject,  the  farmer,  must  be  allowed,  such  a  profit  as  will  ena-  tow%m^' 
ble  him  to  cultivate  the  laud,  meet  the  contingencies  of  trade, 
and  maintain  his  family  comfortably  and  respectably.  A  deficiency  of 
prolii  hazards  the  treucLing  upon  the  capital  of  the  farmer,  which  dimin- 
ishes  and  dries  up  the  source  whence  is  derived  the  rent  and  revenue  of 
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the  landlord.  Tbn  low  of  the  requisite  funds  is  the  greatest  of  all  evils 
that  can  afflict  the  fanner,  and  the  recovery  from  it  is  thie  most  difficult 
A.  letrogiession  once  beipiu  on  this  point  is  gradually  quickened  in  speed, 
till  it  enda  in  total  ruin. 

Sound  policy  directs,  fair  dealinp:  jnstifieB,  and  good  practice  supports 
the  rule,  that  a  fair  and  lenient  exaction  shall  be  made  on  the  indnstr}^  of 
the  farmer.  The  most  certain  and  steadiest  revenue  is  ever  derived 
where  fair  and  moderate  rents  are  exacted,  and  not  from  the  sources  of 
Ezaatiom  ^^P'^^^^  demands  and  severe  treatment  No  landlord  ever 
nnutiwiMi*  profits  by  a  system  of  exorbitant  rents  that  is  rigidly  enforced. 

A  few  years  suffice  to  exhaust  the  capital  stock  of  the  tenants : 
the  stoppage  of  improvements,  the  failure  of  tenants  to  fulfil  their  obli- 
gations, and  the  general  det^oration  of  the  property,  both  in  condition 
and  character,  are  the  certain  results  of  the  continuance  of  rack  rents. 

Acts  of  g^reat  liberality  are  published  in  return?  of  rent  being  made 
to  the  farmers  at  the  audit  days,  of  ten,  tifteen,  and  twenty  per  cent.  In 
special  cases  of  a  sudden  contingency,  such  act?  are  necessary  and  proper, 
hnt  as  a  general  syjitcm,  the  naanagcment  mutst  be  bad  that  calls  for  the 
constant  repetition.    The  fair  adjustment  of  rents  needs  no  temporary 
Adjustmeat  bouuties,  it  must  be  able  to  bear  the  pressure  of  low  prices  and 
of  venta,     q£  deficient  crops ;  and  it  must  allow  every  tenant  the  means  of 
meeting  the  contingencies  of  trade  that  arise  firom  tiie  fluctuations  in  the 
amount  ar  1  {  n    of  his  commodities.   The  rent  should  be  at  once  re- 
duced, when  land  is  seen  to  be  overlet,  and  the  tenant's  condition  consti- 
tuted to  meet  the  demands  and  engagements.    A  rack  t-  'nf,  and  the  relief 
or  charity  of  an  audiL  day,  create  a  dependence  not  to  be  endured.  The 
quarter  of  a  century  of  years  that  followed  the  termination  of  the  late 
Kuropean  struggle,  hafi  left  a  lesson  to  succeeding'  exonerations,  and  one 
which  may  never  be  equalled,  and  far  leos  exceeded.    Prices  of  all  articles 
fell  in  an  unprecedented  degree,  the  landlords  clung  to  the  rents  as  en- 
gaged for,  the  tenants  could  not  pay  them,  temporary  expedients  were 
adopted,  capital  was  swept  away,  and  more  efficient  remedies  were  com- 
pelled to  be  adopted.  The  necessities  of  the  case  being  promptly  met, 
tomrifeai.  arrangements  being  made  with  the  tenants  and  suited 

to  the  altered  circumstances,  no  damage  ensued  to  landlord  or 
tenant,  tlie  interests  were  preserved  from  the  rnin  that  attended 
the  denial  of  justice.  A  prosp^r'nm  tenantry,  and  the  improvement  of  an 
estate,  will  not  proceed  from  iiie  iendal  fashion  bounty  of  an  audit  day, 
but  from  the  condition  of  the  tenants,  enabling  them  under  a  fair  and 
well-considered  covenant  to  fulfil  all  obligations,  and  meet  and  surmount 
every  demand  that  is  made  upon  them. 

Mudi  local  knowledge  and  correct  enquiry  are  necessary  to  enable  the 
forming  of  an  estimate  of  rent  of  land.  Each  district  has  its  peculiar  ad- 
Local  know-  drawbacks,  whidi  are  known  to,  and  can  only  be 

ledcaaaees-  estimated  by,  enlightened  practical  men  who  have  resided  in  the 
country,  and  have  learned  the  calculations.     A  professional 
stranger  with  a  long  array  of  figures  and  calculations^  only  leads  the  land- 
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lord  into  mistakes,  anent  the  real  value  of  the  estate,  and  the  means  of 
entemg  into  equitable  contracts  with  his  tenants :  he  must  draw  infor- 
mation from  persons  who  are  better  informed  than  himself,  regarding  the 
letting  of  land  in  the  district,  and  the  current  value  of  the  soil.  But  local 
surveyors  are  always  found  of  some  experience  and  obsmrion ;  and  if 
they  "have  a  character  of  integrity,  they  can  furnish  the  best  local  know- 
lege  of  the  xalxie  of  land.  Those  persons  being  joined  with  the  country 
agents  of  tho  land-owners,  and  if  both  partios  are  left  imdistuibeJ  by  the 
proprietor  hini.^.c'lf,  who  l.s  generally  the  lea>t  qualified  of  any  ono  to  i\'Vm 
an  impartial  judgment,  will  produce  the  most  correct  and  best  an  angcd 
estimate  of  the  valne  of  the  cultivable  soil.  The  improvements  that  may 
be  effected,  will  probably  come  from  a  more  comprehoisive  view  ^^^^  ^ 
ttid  more  adventurous  judgment  and  spirit  of  action.  Even  in  '^^^^^j^"^,^ 
that  case,  an  especial  attention  is  ever  due  to  the  observations 
of  local  knowledge,  and  to  the  practices  tbat  have  been  established  by  the 
experience  of  ages.  The  most  enlightened  judgment  will  never  despise 
to  hear  any  truths  that  relate  to  )ts  occupation. 

BcTiefirial  terms  for  the  inaiiageiiient  of  a  farm,  constitute  a  most  im- 
portant coudition  iii  the  relations  betwei''n  landlord  and  tenant.  '^Flie 
temporary  occupier  of  laud  is  necessarily  entrusted  with  the  management 
of  the  farm  during  the  period  of  his  possession ;  and  if  he  consults  his 
own  interests  truly,  he  will  conduct  the  cultivation  of  the  soil  Terms  of 
in  the  manner  best  calculated  to  maintain  or  increase  its  produc- 
tivenees.  But  knowledge  may  be  wanting  to  adopt  the  proper  means,  and 
his  interest,  real  or  apparent,  uid  even  his  necessities,  may  lead  and  com- 
pel him  to  attempt  to  take  more  from  the  &rm  than  is  compatible  with 
the  preservation  or  inereape  of  its  productiveness,  and  especially  towards 
the  end  of  the  loa.se,  when  his  interests  and  those  of  the  landlord  begin  to 
divcrcre-  Til 0  written  contract  is  devised  to  <xuard  again.-^t  t}ie?e  results, 
and  to  allow  the  one  party  the  privileges  that  are  uecebsary  to  carry  on  bis 
busing,  and  to  the  other,  a  legal  security  that  these  rights  shall  be  ■  em- 
ployed only  in  the  purposes  contemplated  by  the  parties  to  the  contract. 

The  essential  conditions  must  be  few  in  number,  easily  understood,  and 
as  easily  complied  with.   No  questions  need  occur  in  a  weU-considered 
contract,  which  must  not  be  made  up  of  a  Tu  ultiplication  of  con-  simple  and 
ditions,  penalties,  and  restrictions,  which  only  serve  to  perplex, 
and  afford  the  fruitful  source  of  litigation.    The  expressions  must  he  so 
pointedly  obvious  in  the  meaning,  that  no  doubt  can  arise  in  the  construc- 
tion.   Two  fanlts  are  usually  committed,  a  mass  of  cumhersonie  and  use- 
le.s.s  reslr  jet  ions  fetter  the  judgment  of  the  farmer,  and  cramp  his  energies, 
prevent  the  exercise  of  judgment,  and  the  powers  of  adapting  the  practice 
to  the  circumstances  that  may  arise :  the  other  omission  consists  in  leav- 
ing to  the  farmer  an  unrestricted  power  of  proceeding  to  a  Twoimatt 
degree  of  management  very  hurtful  to  the  landlord,  and  on  «™™»- 
every  change  of  tenants,  tending  to  a  deterioration  of  the  fium.  The 
midland  and  western  counties  of  England  are  oppre^d  with  clauses  and 
enactments  that  have  descended  from  the  practice  of  olden  times,  and 
3h 
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wliicii  cither  remain  a  dead  letter,  or  kill  the  freedom  of  action  tliat  is 
demanded  by  an  improving  condition  of  the  tenant.  In  Scotland,  where 
the  leaae  of  land  has  wrought  miracleB  of  the  kind,  a  remarkahled^pree  of 
laxity  prevaHfl,  and  whole  estates  ute  managed  on  a  simple  letter  or  a 
memoiandnm  with  oonsiant  reference  to  the  custom  of  the  ooontry.  The 
details  so  essential  to  the  interest  of  hoth  parties,  are  wholly  neglected ; 
towards  the  end  of  the  lease,  land  ia  sconrged,  buildings  are  dilapidated; 

and  in  cases  where  a  removal  is  inevitable  on  the  part  of  Ihe 
tenant,  stipnlations  and  restrictions  are  essentially  necessary, 
though  they  must  be  few :  an  excess  of  caution  and  of  laxity,  is  equally 
to  be  avoided,  in  order  that  the  interests  of  both  parties  may  be  secured, 
the  landlord  protected,  and  the  tenant  disencumbered  of  uaeiess  verbiage 
and  unmeaning  phradeoiogy. 

Not  only  individual  interests  are  damaged  by  the  neglect  of  the  neces- 
sary regtdations  in  the  ownership  and  temporary  possession  of  land,  hot 
the  general  interests  of  agricnltore  do  soffer  in  a  very  high  degree.  The 
progress  of  the  tenant  is  retarded  by  an  adherence  to  obsolete  cnstoms  and 
antiquated  practices ;  ihe  very  worst  roles  are  often  enforced,  and  often  all 
directions  are  wholly  merged  in  the  weighty  consideration  of  the  amount 
of  rent,  and  the  times  of  pa^Tnent,  not  forgetting  a  penalty  in  case  of 
B»d  ferming  ^^S^®^^'  8^^^  farming  cannot  be  introduced  by  tho  stipula- 
Bay  beomit^  tions  of  a  lease,  it  may,  at  least,  prevent  much  that  is  bad,  and 
by  wholly  omitting  the  notice  of  exploded  practices,  room  is 
left  to  mention  Uie  better  rules,  and  to  render  them  compulsory  when 
time  has  fidly  sanctioned  the  snperiority.  The  practice  of  agriculture 
clings  so  very  tenaciously  to  old  customs,  that  every  possible  means  must 
be  used  to  mifetter  the  bonds  and  loosen  the  grasp,  and  many  very  usefiil 
notices  may  be  made  in  the  small  compass  of  a  lease.  A  mass  of  stipu- 
lations and  restrictions,  and  the  total  want  of  conditions,  are  equally  ob- 
jectionable :  a  number  may  be  refused,  but  some  are  necessary. 

The  essential  conditions  of  using  land  in  cultivation,  may  he  recapitu- 
lated; 1.  Security  of  possession  for  a  proper  length  of  time.  2.  An  ade- 
Ttecondl-  q^*te  provision  of  fixed  capital  on  which  to  employ  the  floating 
ttmiti^am  funds  of  the  farmer,  in  farm  buildings,  enclosures,  and  other  ne- 
cessary appendages  of  the  land.  3.  Equitable  rents.  4.  Suitable 
conditions  in  respect  of  the  treatment  of  the  land  and  general  manage- 
ment* 

All  experience  has  shown  that  the  means  of  advancing  and  perfecting 
the  agriculture  of  Britain  aa  a  branch  of  public  industry,  depend  essen- 
tially upon  the  relationship  which  is  established  between  the  land-owner 

and  the  farmer.  No  attainments  on  the  part  of  the  tenant,  no  varied 
and  comprehensive  professional  learning,  and  no  eager  willingness  to  exert 
and  that  can  these  advantage?  ,  are  able  to  compensate  for  the  want  of  the 
notbe^oBn-  foundation  on  which  the  edifice  must  rest :  the  structure  must 
be  firmly  based,  or  no  elevation  can  be  raised.  Even  the  pos- 
session of  a  large  capital  by  the  &rmer,  will  not  avail  for  giving  to  agri- 
culture the  means  of  succeflsfiil  cultivation  and  improvement^  the  owner 
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vnut  be  given  the  means  of  employing  it  with  adTantage,  by  secorily  of 
poeeeesion,  by  the  privileges  leqnired  for  tho  proper  management  of  the 
boeineatiy  and  by  that  fair  and  lenient  exaotions  upon  his  indnatry,  which 
will  enable  him  to  employ  his  capital  with  a  remuneration. 

If  these  conditions  are  withheld,  the  capital  employed  in  the  cultiva- 
tion of  laud  is  exposed  to  drawbacks  in  tlie  applicatioTi  of  it  to  the  proper 
cndB,  which  diminish  the  possible  returns  and  also  the  means  of  improving 
the  national  source  of  wealth  to  the  degree  which  is  admitted  g^^^,  ^ 
by  the  case  of  adaptation.   The  improvement  of  the  country,  JJJf^J*"' 
and  of  its  agiicultu]^,  follow  as  a  sure  consequence,  whenever 
along  with  the  power  of  acquiring  capital,  the  means  areafibrded  of  apply- 
ing  it  with  effect  to  the  legitimate  purposes.   And  wherever  these  con> 
ditions  are  supplied,  agriculture  Improves,  education  and  intelligence  are 
extended  amongst  the  large  body  of  the  farmers,  and  each  succeeding 
generation  excels  the  preceding  one  in  the  knowledge  acquired,  and 
the  means  of  employing  it  for  private  advantage,  and  the  general  wel- 
fare.   To  these  benefits  must  be  added  the  tendency  to  advance  the 
wages  of  labour,  and  the  improvement  of  the  dwellinga  of  the  lower 
grade  of  society,  which  sustains  the  uj^ier  in  every  stage  of  elevatimt. 

"To  do  as  he  likes  with  his  own*'  is  a  definition  of  human  privileges 
that  sounds  most  agreeable  to  the  love  of  power  which  so  very  strongly 
actuates  on  the  will  of  man.  But  the  sound  will  be  hvmd  to  contain  the 
whole  boast  and  extravagance  of  the  often  quoted  phrase.    A  thousand 
obligations  and  influence s  surround  the  will  and  conduct  even  of  -j^g^tmog^ 
the  most  apparently  irresponsible  and  unfettered  owner,  con-  supposed 
trolling  him  by  an  operation  far  iMjtter  and  less  easily  evaded  dwriioioUl- 
than  legal  compulsion,  to  consult  his  own  interest  by  consider- 
ing  that  of  others.  In  the  capacity  of  landlord,  nothing  is  wanted  but  a 
knowledge  of  his  own  tone  interest  to  render  this  principle  eflfective  to  a 
degree  unsurpassed,  if  indeed  equalled,  m  any  other  relation  which  one 
man  can  bear  to  another.   One  axiom  comprehends  nearly  the  whole  that 
has  been,  or  which  may  be  said  on  the  relati<ms  between  landlord  and 
fenjint,  that  of  all  of  the  eneouragement«  to  the  tenant  OCCUpier  iiK,p^,j 
tiiat  exist,  of  all  the  atimulanta  to  individual  improvements  that  ■«ia««ft«a- 


can  l>e  devised,  the  surest,  the  most  legitimate,  and  in  truth,  the 
easiest  and  most  pct  iiianeut  in  eflect,  is  to  make  every  tenant  feel  to  the 
utmost  poBslble  degree  that  the  him  to  which  he  devotes  his  labour  and 
capital  is  his  ^'  own.*'  If  it  be  true  that  the  best  tenant  is  he  who  treats 
a  Arm  of  land  as  if  it  was  his  own,  it  can  scarcely  require  proof  Umt  tihie 
best  landlord  is  he  whose  tenant  is  least  made  sensible  that  he  is  n^his 
own  landlord.  Paradox  as  this  has  appeared,  and  may  still  seem  to  be,  it 
18  the  only  statement  that  approaches  the  whole  truth  of  the  case.  The 
relati-^n  is  one  of  that  class  which,  like  the  functions  of  anioud  life,  are 
mo.^T  111  I! thily  discharged  when  they  are  not  felt 

The  rents  and  profite  of  the  land  are  the  owner's,  and  his  only :  with  re- 
gard to  the  soil,  in  every  thing  he  does  with  it^  and  in  every  thing  he 
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abBtains  from  doing,  he  is  bound  to  make  hia  interest  snd  pleasure  con- 
The  renta  Mstent  wlth  pubHc  goo<L  The  community  still  retain r  of  its 
^^Mf^^,  original  claim  to  the  soil  of  the  planet  it  inhabits,  as  much  as 

is  compatible  with  the  purposes  for  which  it  lias  parted  with, 
the  reraainder.  The  land-owner  inherits  or  has  purchased  the  superior 
interests  of  the  soil  and  by  that  possession  he  takes  upon  himself  the 
duties  wMch  God  and  nature  have  placed  upon  it.  The  development  of 
tiie  resources  of  the  land  rests  upon  the  arrangements  that  are  made  for 
tbe  use  of  capital  in  its  cultivation}  and  labour  expects  mployment  and 
maintenance  from  the  vested  interest  of  its  inheritance.  The  moral 
condition  of  the  people  is  vastly  promoted  by  the  ownership  of  the  soil, 
which  affords  to  the  pnblic  nse  thp  means  and  materials  of  promoting  its 
respective  undertakings.  A  liberal  policy  on  tins  point  has  promoted  the 
cause  of  humanity  beyond  many  other  seemingly  more  urgent  cuuses  of 
impulBc.  The  most  selfish  and  shrewdest  utiiitaxiaii  that  ever  sought  out 
the  shortest  road  to  his  own  interest^  may  take  an  advice  in  the  shape  of  a 
moral  redpe  to  the  owner  of  land,  to  realise  the  feelings  of  the  tenant^  to 
put  himself  imaginarily  in  **his"  position,  so  as  to  be  able  to  enter  into 
his  wants  from  "  his  own'*  points  of  view,  and  never  to  discard  the  just 
idea»  that  the  well-being  of  every  creature  is  not  only  compatible  with, 
but  essentially  necessary  to,  his  own.  The  owner  of  land  is  morally 
bound  and  socially  obliged,  by  the  performance  of  many  duties,  and  the 
bearinc:  of  many  charges,  which  do  not  fall  on  other  classes,  and  are  not 
attached  to  property  of  other  sorts  and  constitutions.  Though  no  class  of 
the  people  are  now  held  to  be  '  adscriptce  glebce"  or  to  form  part  and 
parcel  of  any  landed  property,  yet  on  the  soil,  their  education  and  main- 
tenance is  devolved,  and  becomes  the  duty  of  every  land-owner  to  have 
the  ot^xta  performed.  By  granting  to  the  farmer  the  essential  conditions 
Tights  in  fiM  that  have  been  mentioned,  and  by  refusing  no  reasonable 

demand,  by  which  is  acquired  a  fixed  interest  in  the  soil 
by  the  cultivation  of  it,  the  land-owner  has  the  power  of  intro- 
ducing into  agriculture  as  great  improvements  in  point  of  production,  aa 
the  invention  of  the  spinning-jenny  or  tbo  steam  engine.  To  these  must 
be  added  the  adoption  of  every  new  principle  that  tends  in  practice  to 
economise  labour,  and  cheapen  the  price  of  articles  by  which  to  extend 
the  sphere  of  thdr  use.  While  a  population  exists,  the  earth  must  be 
cultivated;  and  the  very  first  responsibility  rests  with  the  virtual  owner 
who  has  both  the  means  and  the  power  that  are  required  for  that  purpose. 
"No  individual  in  private  life  possesses  the  same  wide  scope  of  moral  ca- 
pability with  the  resident  land -owner,  in  the  most  variously  inviting 
The  scope  of  ^^'^  practical  studies  and  duties.  The  leizure  it  swords  is  a 
i^d^owner-  high  priviledge,   and  leads  to  the  pursuit  of  important  snd 

humanizing  objects,  which  lie  open  in  the  same  degree  to  no  other 
condition  in  life.  The  pursuit  of  gain  is  sufficiently  attractive  with- 
out any  over-exactions,  and  which  in  allied  with  and  not  arrayed  agamst 
the  enjoyment  of  natural  pleasures,  while  the  love  of  disttnedon  so  natural 
to  most  minds,  is  indulged  by  a  prominence  almost  inseparable  from  the 
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position  it  eojifers.  Example,  almost  the  effect  of  law,  invests  it  with  a 
commission  both  wider  and  higher  than  the  magisterial  authority  wliich 
generailly  iormti  one  of  its  leading  duties,  wlale  the  daily  recurring  sphere 
of  rural  economy  in  many  problems  that  required  solution,  and  the  wide 
field  of  practical  and  scientifio  knowledge  involved  in  them,  and 
demand  a  breadth  of  varied  education,  in  the  fullest  Bense  of 
the  word  that  ia  not  exceeded  by  the  learning  of  any  other  branch  of  pro- 
fessional life.  Till  the  general  education  happens  of  the  whole  body  of 
the  people,  the  extensive  induce  of  the  owner  of  the  soil,  and  the 
commonly  groat  early  advantages,  form  a  BOiirce  of  very  powerful  central 
force,  from  which  will  emanate  a  wide  dissemination  of  the  most  useful 
knowledge,  and  o£  the  accompanying  moral  and  physical  blessings  to  the 
homau  race. 

The  last  to  be  mentioned — relation  of  the  landlord  and  tenant— consists 
in  the  case  of  the  non-fulfilment  of  the  terms  of  the  contract.  The  landlord 
pursues  for  the  rent  by  entering  a  distress  on  the  goods  of  the  fiumer,  or 
wsdving  his  right  of  distraint  he  can  proceed  by  action  at  law. 
The  tenant  can  proceed  by  action  against  the  landlord  in  default  imimm  of  xo- 
of  the  performance  of  his  part  of  the  contract  But  the  equit- 
able  adjustments  that  shoidd  prevail  will  wholly  prevent  these  disagreeable 
resorts. 

The  much  agitated  uncertainty  about  fixtures  on  the  soil  has  been  set- 
tled by  a  late  act,  which  diiecta  the  farmer  to  give  a  month's  notice  to  the 
landlord  of  his  intention  to  remove  a  fixture  that  has  been 
erected  by  himselfwith  the  consent  of  the  landlord,  within  which 
time  a  negotiation  of  purchase  by  the  owner  of  the  soil  can  be  effected. 
But  in  all  such  cases  a  special  agreement  settles  every  point,  and  on  the 
simple  principle  that  "eonven$io  vincit  legem"  all  disputes  are  completely 
removed.    Tn  making  agreements  of  any  kind,  the  chief  point  of  Yaii^j^j^ 
attention  is  the  simple  plainness  of  expression,  by  which  all  am-  jm^igreo- 
biguity  is  extinguished,  and  every  doubt  dispelled. 


GHAFTER  n. 

LEASE  OF  LAl^D,  OONDmONS,  AND  RESTRICTIONS; 
CHOICE  OF  TENANT  &  ASSIGNATION  OF  THE  DEED. 

A  LEASE  of  land,  is  the  demise,  transfer,  or  letting  of  the  Lessed*. 
ground  by  the  owner  of  the  soil,  by  which  he  grants  for  a 
specified  time,  the  use  of  its  productiveness  to  another  person,  on  condition 
of  receiving  a  fixed  amount  of  money  as  the  consideration  due  to  him  for 
the  value  of  the  temporary  occupation.  It  is  a  written  agreement  between 
two  parties,  who  engage  to  perform  certain  stipulations  and  restrictions  by 
mutual  consent,  and  it  contains  the  specified  conditions  on  whidb  the 
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agreement  10  fbandedy  and  the  times  at  which  they  must  he  Mfilled.  The 

conditions  are  obligatory,  and  even  compnisory,  and  contain  the  grounds 
of  proceediugB  to  enforce  the  observance.  It  po^seBaes  the  power  of 
making  itself  i  cspccted,  and  of  commanding  the  obedience  of  the  parties 
that  constitute  the  formation  of  the  agreement. 

From  having  contaiued  much  ufieleas  phraseology  and  anmeaaing  and 
_  irreleTaiit  verbiage,  the  lease  of  land  has  been  reduced  into  a 

jMttandcoa.  neat  fomcoEodsely  worded,  and  pointedly  ezpareaaed,  calculated 
^  to  lead  rather  than  hinder,  and  to  improve  rather  than  deter. 
It  has  been  cleared  of  the  feudal  tendency  to  enervate  the  mind  and  fetter  the 
energies  of  man,  and  has  been  converted  into  an  instniment  by  which  to 
serve  the  parposes  of  the  human  race  in  the  different  grades  of  which  the 
mixed  society  is  composed.  Necessity  compelled  very  early  the  assigning 
of  land  for  the  temporary  use  of  employment,  but  the  advantages  never 
became  extensively  beneficial  till  the  goods  of  the  vassal  were  freed  of  re- 
Bpoutiibility  for  the  debts  of  the  landlord,  and  a  lease  from  one  proprietor 
for  a  specified  time,  was  held  good  against  the  sucoeesois  in  the 
property.  From  that  time,  the  lease  of  land  has  become  the  basiB 
of  agricultural  improvement,  and  a  very  great  source  of  national 
wealth.  To  govern  and  use  landed  property  without  the  security 
of  tenure,  and  of  capital,  and  without  some  general  stipulations,  is  the 
same  thing  as  if  kings  and  deputiee  would  rule  arbitrarily  without  any 
laws  or  written  ciistoms,  which  is  wholly  repugnant  to  all  just  ideas  of 
modern  civilization,  and  the  privileges  of  natural  right.  Landed  property 
is  loaded  with  the  burdens  which  Grod  and  nature  have  imposed  upon  it 
in  employing,  maintaining,  andediicating  the  people,  and  in  every  properly 
constituted  social  bydiem,  there  muBt  be  no  dependence  of  any  class  of  per- 
sons upon  another,  except  in  the  simple  a&ir  of  esohanging  value  for 
value,  or  as  the  Latms  expressed  it,  the  **  qmd  pro  qw!*  The  love  of 
dominion,  and  the  inclination  to  be  under  masters,  are  equaUy  to  be 
dissipated  and  abolished. 

The  most  eligible  duration  of  a  lease  of  land  has  now  been  fixed 
uiT"*!^'  hy  thftbest  experience  in  the  term  of  twenty  years.  Twenty  years 
^ggg^        is  avery  unusual  terra  in  the  home  counties — 7,  14,  or  21  has  the 

preference.  This  period  has  been  reckoned  a  long  term  during 
which  to  part  with  the  cuntrol  of  property,  and  lose  tlic  advantages  that  may 
happen  of  an  increased  value — ^but  it  has  been  proved  to  be  in  a  fair  accordance 
with  the  interests  of  both  parties  to  allow  the  possessor  to  adopt  and  use  a  pro- 
fitable system  of  management^  and  the  landlord  to  derive  an  adequate  rent 
proBpecUv*  ^  ^®  operations  on  a  farm,  except  those  required  for  the  cultiva- 

tion  of  the  ground  from  season  to  season,  have  a  r^ereoMM  to  fixture 
years  for  the  returns  to  be  obtained,  and  periodical  returns  after  the  lapse 
of  a  certain  period  are  required  to  i^;ain  the  capital  that  has  been  expended, 
beyond  the  funds  of  the  ordinary  routine.  Unless  the  farmer  can  look 
forward  with  a  certainty  of  future  recompense  for  the  expenditure  tliat 
may  he  made,  no  farm  can  be  cultivated  in  a  Buitable  manner  in  this 
country.   The  most  common  executions  need  a  time  to  be  performed,  and 
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the  farmer  requires  a  furtlier  time  to  get  back  hie  capital  with  a  profit. 
The  space  ol"  eight  or  ten  years  i&  required  for  the  development  of  long 
Imown  applications  to  land ;  and  more  expeiiBive  and  lengthened 
processes,  are  daily  being  poshed  forward,  by  the  ingenuity  of  Sn?* 
science,  and  the  researches  of  enlightened  practice.  In  many  cases  ''™^' 
ihe  erection  has  been  done  1^  the  tenant  of  thTaahing  machines,  driven  by 
steam,  which  cost  a  very  ccmsiderable  smn  of  money,  and  which  never  conld 
have  happened  unless  an  adequate  time  was  secared  in  order  to  dcriveflie  ex- 
pected benefits.  Owners  of  land  require  every  secnrity  which  can  be  given 
to  permanent  property  in  order  to  induce  them  to  improve  their  lands;  and 
they  mu.st  consider  that  where  a  lease  is  denied,  no  reasonable  expectations 
can  be  formed  of  the  tenant  deviating  from  the  path  adopted  by  themselves. 
No  proprietor  of  land  should  ©vex  think  of  withholding  Bome  EquitaWe 
equitable  share  of  the  privileges  he  has  daimed,  and  has  oV  L'^'^e^'^tb- 
tained,  or  rather  has  taken  to  himseE  The  general  benefit  of 
society  and  the  individual  good  of  his  feUow.^creatore,  most  earnestly  and 
justly  demand  this  privilege  through  his  bands.  A  more  liberal  policy  is 
loudly  called  for  in  order  to  second  Ihe  exertions  of  genius,  and  of  ao(^- 
8ory  science,  whieli  attempts  to  promote  the  advancement  of  an  art  on 
which  national  prosp>erity  so  very  much  depends ;  for  without  it,  societies 
may  meet,  the  chemist  may  analyse,  and  tlie  philosopher  will  lecture  in 
vain.  General  success  in  any  business  depends  as  much  ou  the  soeliiioiicy 
social  policy  as  on  individual  exertion,  which  must  be  free  and 
unfettered,  and  in  every  way  enooorsged.  The  period  of  twenty  years 
cannot  be  regarded  as  an  extension  beyond  the  nature  of  the  pursuit,  nor 
in  any  way  unconnected  with  the  interests  of  both  parties.  Very  rich 
lands  will  sometimes  occur,  wLich  require  little  or  no  expenditure  beyond 
the  ordinary  expenses  of  tillage;  and  on  these  soils,  a  long 
tenure  seems  less  necessary  than  on  improving  grounds  of  more  ^  **  *^ 
or  less  extent.  But  these  exceptions  are  not  very  general,  and 
even  there  the  landlord  will  derive  but  little  benefit  from  abridging  the 
lease  unduly  :  he  will  excite  the  attention  of  the  tenant  in  closely  crop- 
ping the  land  in  order  to  have  a  guard  on  his  outlay,  and  to  be  ready  for 
a  removal  with  as  little  as  possible  lagging  behind.  Short  leases  are 
worse  than  none^-they  provoke  an  inclination  to  es^pend,  but  afford  no 
foundation  of  action-^they  afford  a  time  to  lay  out  money,  but  none  in 
which  to  recover  tlie  amount :  so  that  no  advantage  is  c<mferred  except 
that  the  tenant  is  not  liable  to  be  ousted  for  the  number  of  yeais  men- 
tioned on  the  rent  being  duly  paid.  But  in  point  of  inducing  improve- 
ments by  the  outlay  of  capital,  a  yearly  tenancy  is  just  as  effectual  as 
short  terms  of  tenure.  Time  and  experience,  the  most  con\^ncing  of  all 
teachers,  and  the  most  despotic  of  all  governors,  liave  long  since  most 
satisfactorily  settled  the  irrefragable  trutJa  of  the  above  observations. 

The  lease  of  land  settles,  1,  die  time  of  entry  to  the  faim,  the  g,u„ai«^ 
duration,  and  the  issue  of  the  tenure ;  2,  the  amount,  and  kind  gjj^.^  ^ 
of  rent>  and  the  terms  of  payment;  3,  the  stipulations  re- 
gardmg  the  erection  and  keepiog  in  repair  the  buildings,  fencee,  and  odier 
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fixed  appertainments  of  the  farm ;  4:,  the  rules  and  conditions  of  manage- 
ment; 5,  the  rebervations  made  by  the  landlord;  6,  the  rights  of  the 
respective  parties  who  coutract  the  aj,n  et:uient. 

The  period  of  entry  to  farms  of  land  are  various,  in  March,  In  May,  in 
September,  and  in  Kovember.  The  castom  of  the  district  generally 
eetabliflihes  the  time  of  entering  into  ihe  poeaeesion  of  land,  and  not 
being  founded  on  any  tmiform  principle,  mnch  embaraaament  haa  aocnied 
Times  of  iu  the  management  of  landed  property.  In  March,  there  remaina 
mnch  produce  unooneumed  of  the  crope  of  the  former  year ;  and 
too  much  interference  is  oecasioned  hctween  the  outgoing  and  incoming 
tenanti^,  by  the  former  having  to  use  tlie  farmery  in  manufacturing  the 
remaining  goods  of  his  possession.  In  September  and  in  November,  the 
whole  crops  of  the  ye^ir  have  been  produced  by  the  expense  of  the  out- 
going tenant,  and  they  most  be  manufactured  during  the  winter,  by  his 
own  arrangemente  in  die  &rmery,  or  sold  by  auction,  or  to  the  incoming 
tenant  by  valuation.  The  Afichaelmas  entry  prevaila  much  in  South 
Britain,  and  is  found  to  be  attended  with  great  inconvenience.  The  green 
erope  are  on  the  ground,  and  the  whole  expense  of  raising  them  must  be 
repaid  to  the  outgoing  traiant :  the  tillages  of  the  former  year  are  not 
exhausted  by  one  crop,  and  a  value  is  owing :  manures  otherwise  used  for 
one  crop,  must  be  .ippraised  in  the  forthcoming  use :  copse  woods  that 
are  cut  for  fuel  and  sale,  are  valued  in  the  standing  growth,  and  thus  a 
large  amount  of  valuations  comes  againat  the  incoming  tenant,  and  must 
be  paid  in  ready  money  before  he  enters  upon  the  ground ;  the  grain 
crops  are  lodged  in  the  bams,  or  built  in  ricks,  and  are  converted  into 
money  during  winter  by  the  outgoing  tenant,  who  may  be  removed  to  a 
distance :  the  connection  is  thus  continued  which  should  be  ended  when 
the  possession  is  quitted,  and  a  large  amount  of  mon^  is  required  at  the 
entry,  for  which  no  return  is  made  for  some  time.  This  time 
of  entry,  with  all  its  customs  and  dues,  will  be  found  amply  de- 
tailed in  "  Bayld&n,  on  Rents  and  Tillages,"  (Longman,)  and 
in  the  former  part  of  thit;  work,  edited  by  Mr.  Hyde,  where  valuations 
are  given  as  examples,  and  accurate  comparifions  are  made.  The 
alteration  of  the  term  of  entry  to  the  spring,  would  require  a  sacrifice  on 
the  part  of  the  landlord  of  the  whole  appraisemeuta  due  to  the  outgoing 
tenant,  and  thus  set  dear  the  entry  to  the  new  possessor.  The  sacrifice 
would  be  very  considerable,  and  the  advantages  nuiy  in  some  respects  seem 
distant — but  it  would  prevent  the  large  demand  that  is  made  on  the  in- 
coming tenant)  and  leave  the  money  thus  expended,  to  be  used  in  making 
other  improvements.  The  inconveniences  of  the  present  system  wre  very 
Mu.t  franlcly  acknowledged,  and  the  benefits  of  a  change  largely 
changed.  anticipated,  but  custom  has  got  a  very  firm  hold,  and  habit 
exerts  its  preroorativc.  An  additional  evil  consista  in  creatines  too  loner  a 
connection  wita  the  farm  lu  the  case  of  the  outgoing  tenant  using  the 
bams  for  thrashing  the  grain  crops  during  the  wiuter,  after  quitting  the 
occupation  of  the  land.  This  is  a  very  fatal  objection,  as  the  chief  object 
in  the  entry  to  possession  of  lands  and  the  quitting  of  farms,  is  to  sever 
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every  oonnection  as  quiokly  as  possible  betwixt  the  outgoer  Aidrb 
and  ilie  incomer,  and  to  make  the  change  so  easy  and  simple  as 
to  be  scarcely  perceptible.   The  aatmnn  entry  is  worse  than  that  of  the 

gprmg,  a«  in  the  former  case,  the  whole  crops  of  the  year  are  on  the  gronnd 
for  conversion  and  rnatmfacture,  while,  at  the  latter  term,  only  a  part 
remains  to  be  consumed  of  the  crops  of  tiie  former  year.  On  these  grounds, 
both  periods  of  the  year  are  inconvenient  for  the  purpose  of  taking  and 
qnittmg  the  occupation  of  lands. 

The  most  enlightened  jc^gment  and  the  best  practical  expori^ce/ 
uiiversally  prefer  the  first  of  lUby  as  the  most  eligible  period  ^ 
of  the  year,  for  the  purpose  of  exchanging  an  old  tenancy  for  a  v^oa  %t 
new  possession  of  the  soil  in  the  temporary  nse.  At  that  time, 
the  whole  crops  of  the  previons  year  have  been  mann&ctnred  by  the  ont- 
going  tenant,  and  tlie  new  crops  are  only  jnst  sown.  The  labour  of  the 
year  are  also  best  divided  at  the  beginning  of  May — tlie  preparation  of  the 
ground  for  the  fallow  erops  of  the  year  is  commenced,  and  the  grain  crops  have 
been  sown  by  the  outgoing  tenant  on  the  fallows  of  the  previous  season.  In 
this  arrangement,  the  whole  manure  on  the  farm  that  has  beeu  made  from  the 
straws  and  root  crops  of  the  previona  season,  belongs  to  the  landlord  as  the 
owner  of  the  soil,  and  through  him  to  the  incoming  tenant,  wholly  free  of  any 
charge  whatever.  And  the  condition  is  most  equitable,  that  the  manures  that 
are  produced  by  any  grounds  shall  be  used  for  their  benefit  and  charged 
only  with  the  application.  The  incoming  tenant  has  had  the  accom- 
modation since  1st  of  Jamiary  of  the  year  of  entry,  of  two  teams  of  horses 
in  the  Rtal)le3  of  the  farmery,  lor  the  purpose  of  carrying  tiie  dung  from 
the  yards  to  lieaps  in  the  tiehls,  where  to  be  used  for  green  crops,  and  to 
give  the  second  and  third  tilths  to  the  lands  of  the  fallow  crops  of  the 
ensuing  year.  The  outgoing  tenant  performs  the  "  first "  ploughing  during 
the  winter,  of  all  the  lands  to  be  &Ilowed  in  the  fbllowii^  year,  for  which 
he  is  paid  by  the  incoming  tenant  according  to  the  rates  of  labour  in 
the  district  This  essential  clause  in  the  lease  is  devised  for  the  oonAtiauoi 
purpose  of  securing  to  the  land  the  benefit  of  the  pulverimtian 
done  on  the  sur&oe  of  the  exposed  ground  by  the  winter^s  frosts  and  lains, 
of  which  no  suhs eqnent  working  of  the  soil  ever  can  compensate  the  want. 
The  incominsf  tenant  pays  to  his  predecessor,  the  amount  of  ^ 

.    ,  .  WiiitPr 

the  bill  of  grass  seeds  which  were  sown  the  previous  year,  and  ploughing 
ako  the  expeuae  of  sowing  them,  as  he  will  derive  the  whole 
benefit  in  a  crop  of  bay  during  die  first  summer  of  his  occupation.  The 
seeds  of  the  year  of  his  entry,  are  sown  by  the  teams  which  are  accom- 
modated on  the  &rm  previous  to  his  arrival.   The  grain  crops  of  the 
year  of  expiry,  are  sown  by  the  outgoing  tenant,  and  some  two  weeks 
before  full  maturity,  the  standing  grains  are  valued  by  referees,  and  the 
sum  is  pdd  by  the  incoming  tenant  to  his  predecessor,  in  ready  money,  or 
by  a  credit  accommodation  of  mutual  agreement,  when  the  r^dcnces  are 
not  very  dietuntly  removed.    This  enactment  prevents  the  crops 
being  parcelled  by  auction,  and  carried  to  distances  by  much 
labour,  and  also  the  incoming  tenant  from  going  to  similar  occa^iioud,  and 
bringing  what  quantity  hQ  may  require  at  some  considerable  cost  and  trou  ble. 
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By  the  above  simple  smngement  at  this  period  of  the  year,  the  quitting 
connection  is  tibie  easieet  and  most  thoroughly  severed,  and  flie  incoming 
possession  is  tiie  readiest  obtained.  <  >r<  Leing  paid  hy  the  new  poesessor 
the  value  of  ploughing  the  fallow  lands  in  the  winter  furrow,  and  foi  tho 
grass  seeds  of  the  p^e^^ous  year,  the  quitting  tenant  leaves  the  whole 
concern  without  any  lag  in  connection,  except  the  simple  operation  of 
having  the  graiTi  rrops  viilued,  and  receiving  the  money,  Bhortly  before 
the  full  uiaturiiy.  The  incoming  tenant  on  iultillng  these  few  and  simple 
condititms,  obtained  at  once  the  free  and  unfettered  possession  and  use  of 
anttttngfliid  the  houses  and  lands.  There  is  no  mixture  of  the  employ- 
u&d^oium-  ^K^ts  as  when  the  thrashing  of  crops  is  one  person's,  and  the 
nested.  cattle  in  the  yards  are  another^s ;  there  are  no  grounds  for  brawl- 
ings  or  collisions,  in  cases  of  work  being  done  by  one  man  for  the  benefit 
of  another,  when  the  entry  is  in  the  spring  or  autumn.  The  connection 
is  cut  by  an  absolnte  removal  of  all  property  on  the  day  of  separation,  and 
every  settlement  is  made  except  in  the  case  of  the  growing  crops  of  grain, 
which  must  wait  the  period  of  attained  value. 

This  general  arrangement  that  has  now  been  detailed,  is  very  generally 
used  in  the  North  of  England,  and  in  mncli  of  the  Sonth  of  Scotland.  The 
clauses  anent  the  winter  ploughing  of  the  fallow  lands  by  the  outgoing 
tenant,  and  the  purchase  of  the  standing  grain  crops  by  the  new  occupier 
of  the  fiurm,  have  hardly  advanced  beyond  a  bare  and  scarcely  pronounced 
notice.  Yet  both  enaetments  have  been  introduced  and  are  now  need  on 
the  extensive  landed  estates  in  llforthumberland  belongmg  to  the  Ghreen- 
Mr.  Grey  s  ^icli  Ilospital,  wMch  aTC  uudcr  the  enlightened  management  of 
ptacuce.  John  Grey,  Esq.,  Dilston,  a  gentleman  of  a  very  liberal  mind, 
and  judicious  understanding,  and  equally  eminent  in  the  practice  of  agricul- 
ture, as  iu  the  policy  of  every  connection  of  the  art.  It  is  gratifying  that 
our  recomiiujiidaiiun  of  both,  provisions  is  justified  by  Mr.  Grey's  opinion, 
and  sanctioned  by  his  practice. 

The  arrangements  that  have  been  detailed  fonn  the  prevailing  custom 
over  the  whole  of  Scotland,  and  two-thirds  of  the  extent  of  England,  being 
adopted  and  used  in  the  widest  meaning  by  the  most  extensive  landed 
noblemen  of  the  midland  and  leading  counties.  Leases  of  fourteen  years 
and  even  of  seven  years  are  most  prevalent  over  the  southern  counties,., 
where  the  arrangementa  of  entry  and  quitting  of  farms  are  not  different  in 
the  chief  points,  and  only  in  the  ndnor  derails  that  are  oecasioiied  by  tlie 
locality  and  established  usages.  These  lesser  points  are  easily  gathered 
from  local  information,  and  while  the  ppimary  rogulatiouE  are  maintained. 
The  very  general  tendency  to  adopt  on  evety  opportunity  the  system  that 
has  been  recommended  is  the  best  proof  of  the  superior  utility;  and  the 
wish  that  is  now  ^pressed  to  introduce  the  arrangement  whore  not  yet 
used,  shows  that  the  valne  is  appreciated,  and  that  the  benefits  are 
known. 

Having  fixed  the  tenn  of  entry,  the  lease  next  mentions  the  length  of 
its  duration  in  the  number  of  years  from  the  determined  period  of  occu- 
jtation.   The  most  proper  and  advantageous  length  of  a  lease  has  been 
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flhown  to  be  twonty  years,  both  for  the  interest  of  the  landlord  ,J^^^ 
End  teuant ;  the  former  by  granting  an  ade(^uate  length  of  jeaia  not  too 
Beeorityj  gets  his  property  improred,  and  proBperously  mitnaged, 
and  the  tenant  obtains  a  period  of  years,  in  which  to  employ  bis  capital 
and  his  time,  with  pleasure  and  advantage.  The  tame  is  not  at  all  too 
long  for  parting  ^th  the  control  of  property,  as  another  person  is  indaced 
to  take  an  interest  in  it,  which  cannot  be  accomplished  by  keeping  the 
possfssion,  in  perpetiially  moving  from  hand  to  hand,  and  changing  occu- 
piers who  have  different  views,  and  practise  diverging  modes  of  manas^e- 
ment.  A  longer  period  than  twenty  years  has  been  thought  to  tend  to 
an  alienation  of  the  property,  and  couBequeutly  objectionable ;  but  "  issues" 
by  mutual  consent  could  be  introduced  into  long  leases,  and  AieMcmurt 
thus  shorten  the  duration;  and  the  consent  of  both  parties  being  >>«w^iMw 
required  to  eflfect  a  termination,  no  damage  can  happen  to  either  party  on 
account  of  unrepaid  expenditure  on  lands  or  buildings.  But  a  detennined 
iflsue  of  the  lease  is  generally  preferred  which  dates  from  the  time  of 
cntr\',  which  are  both  mentioned  in  the  agreement  by  the  years  of  the 
respective  periods.  It  is  essential  that  a  lease  have  the  time  of  issue 
expressly  specified,  or  it  may  seem  a  conveyance  of  property.  Tt  is  ex- 
pedient that  the  year  of  expiry  be  written  in  the  words  or  figures  of  the 
year  in  which  the  lease  falls,  reckoning  twenty  from  the  date  of  entry. 
Though  computation  can  easily  ascertaiii  the  term  of  Issue,  it  is  better  that 
the  precise  time  be  written,  wldch  at  once  ehows  the  period  that  is  sought. 

The  amount  of  the  yearly  rent  is  enreased  in  one  sum, 
ana  is  most  satisfactory  m  a  fixed  quantity  of  money.  Com 
rents  have  been  adopted,  and  partially  luaed ;  but^  a  very  great  olgeetioa 
consists  in  the  case  of  deficient  crops  imposing  a  heavy  rent  on  the  tenant, 
when  he  is  least  able  to  pay  it,  the  prices  being  high  and  the  qnantity  oif 
grain  being  small :  hence  the  necessity  has  arisen,  of  fixing  a  maximum,'* 
beyond  which  the  rent  shall  not  rise ;  as  in  one  single  year,  of  a  very 
defident  crop,  the  tenant  may  be  irrel^evably  ruined,  unlesa  he  have  a 
large  capital  to  support  him.   On  the  other  hand,  the  rent  to  the  land- 
lord may  be  very  low,  owing  to  very  finiitful  seasons,  and  a  **  minimum  *' 
of  the  amount  becomes  necessary  to  be  fixed,  bdow  which  the  rent  shall 
not  Ml.   Two  points  are  thus  to  be  ascertdned  and  fixed,  a 
maximum  of  rent,  and  a  minimum ;  and  there  is  just  as  much  raaor 


difficulty  and  cbflTico  of  error,  in  fixing  these  two  points  as 
extremes,  as  in  fixing  a  point  of  medium,  or  in  fixing  a  certiiin  rent  in 
money.  In  some  few  oases  of  vo.rv  rich  corn-gro^\Tng  districts,  this  mode 
of  paying  rents  in  a  certain  q^uautity  of  grain  valued  in  money  by  the 
average  prices  of  the  year,  may  answer  a  good  end — ^but  grain  is  not  flie 
true  measure  of  rent,  which  depends  very  i^ugely  upon  animal  produce 
of  various  kinds.  The  fidmess  of  the  above  transaction  should  have 
neither  **  maximum"  nor  minimum;"  and  the  rent  must  be  regulated,  not 
according  to  the  prices  of  a  single  year,  but  by  the  average  of  a  certain 
number  of  years,  in  five  or  seven,  bo  that  the  fluctuations  of  rent  may  not 
be  sudden,  but  spread  over  a  sufficient  period.    But  even  then  the 
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objection  is  not  removed,  of  an  inorpase  of  rent  in  deficient  seasons; 

^  for  the  high  prices  of  thai  year  being  included  in  making  tiie 
aMMaiurai^  ayerage,  raise  the  sum  to  be  paid  by  the  farmer  beyond  the 
general  amount  of  the  common  retonu;  and  the  quantity  of 
grain  on  which  the  rent  is  calculated,  cats  heavily  into  the  diminished 
stock  of  the  fiurmer,  which  may  be  Icasened  by  one  third  of  the  usual 
produce. 

A  fixed  payment  in  money  ia  the  most  suitable  and  satisfactory  kind  of 

rent,  which  is  regulated  to  afford  the  necesf»ar\'  profits  to  the  farmer, 
and  to  bear  the  occasional  deficiencies  of  produce  and  tho  variations  of 
price,  which  are  inseparable  from  the  nature  of  his  business.  Every  in- 
BMkNBtt  tcUigent  tenant  of  land  will  prefer  thia  calculation  of  rent  to 
mvwto  any  other  system,  even  of  rack  rents,  whidh  ought  never  to 
exist. 

p«jment8  ia  P^yixients  in  kmd,  as  in  grain,  meals,  fowls,  and  in  the  labour 
kind  of  men  and  animals,  are  now  nearly  abandoned,  and  should  be 
forthwith  exploded.  They  are  the  remnants  of  feudal  vassalage 
and  former  connection  between  landlord  and  tenant,  which  cannot  exist 
in  any  emancipated  country.  The  public  markets  of  commodities  are  free 
to  all  classes  of  society,  where  sales  and  purchases  are  made  by  fair  pay- 
ments. To  these  general  resorts  all  parties  must  go  and  sell  to  meet  the 
demand,  and  purchase  by  the  amount  of  supply.  A  bare  mention  is 
SuflBcient  as  the  custom  scarcely  exists. 

TinwBofpi^y-  paying  rent  vary  much  in  different  parts  of  the 

ingiwiti.  kingdom:  but  every  where  the  yearly  amount  is  divided  into 
equal  halves,  and  paid  at  half-yearly  periods  of  time.  The  most  common 
practice  begins  the  payments  at  Ihe  end  of  six  months  after  entry,  the 

second  payment  after  the  lapee  of  a  similar  interval,  so  that  a  year's  rent 
is  paid  during  the  first  year  of  possession.  In  North  Britain,  it  is  very 
common  to  demand  no  rent  till  after  eighteen  months'  possession  of  the 
farm,  and  after  the  farmer  has  reaped  a  crop  to  enable  him  to  meet  the  de- 
mand. In  the  hi-st  way,  a  smaller  capital  is  required  to  take  a  farm  of 
land,  as  the  year's  crop  pays  the  year's  rent ;  but  at  the  expiry  of  the 
lease,  a  long  connection  is  maintained  between  the  outgoing  tenant,  the 
Long  4«tot  landlord,  and  the  form  which,  as  formerly  observed,  should 
cease  as  promptly  as  possible  at  one  time.  The  first  method 
requires  the  first  year's  rent  to  be  paid  from  the  capital  of  the  tenant, 
lessened  by  the  proceeds  of  the  animal  produce,  which  has  been  obtained 
during  the  year.  This  amount  may  reach  the  half-year's  rent,  so  that  the 
capital  of  the  farmer  has  to  bear  only  the  rent  of  the  other  half-year.  At 
the  expiry  of  the  lease,  the  rent  is  paid  when  the  fanner  r4uits  posses- 
sion, and  the  connection  wholly  ceases.  It  is  the  best  regulation  of  paj-ing 
rents  in  the  due  periods  of  time — the  postponement  for  one  year  brings 
into  the  market  an  host  of  speculators,  who,  at  less  capital,  raise  the  rents 
of  farms,  and  ultimately  defeat  the  special  purpose.  Long  usage  havmg 
established  these  two  periods  of  payments  of  rent^  and  the  general  capitals 
of  farmers  having  become  suited  to  tiie  conditions,  it  matters  not  much 
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wluch  systeiii  is  adopted,  and  the  distnrbanoe  of  either  metliod  is  not 
deflired  to  answer  any  purpone  that  is  seen  to  be  very  beneficial. 

When  the  entry  to  the  farm  is  made  in  May,  the  mode  of  one  jear'» 
delaying  the  rent  for  one  year,  and  the  nsual  credit  of  six  '^^^''^ 
months,  fix  tlie  first  half-yearly  payment  of  rent,  at  the  expin,-  of 
eighteen  months  after  the  tencant  has  taken  possession  of  the  lurm.  in 
this  time,  he  has  obtained  the  year's  production  of  the  animal  department, 
and  tlie  profits  for  one  and  a  half  years  of  the  grazing  stock,  which  wfll, 
no  doubt,  largely  contribute  to  the  payment  of  the  current  going  expenses 
of  cultivation,  and  of  the  domestic  establishment  But  it  makes  little 
provision  for  the  rent  of  the  year— the  crop  of  grain  sown  by  the  farmer 
has  been  reaped  bat  not  manufactured  in  the  month  of  November,  when 
the  first  half-year's  rent  is  dne  in  eighteen  months  after  the  entry.  It  is 
true,  that  the  produce  of  these  crops  pro^^des  well  for  the  rent  of  the  next 
half-year,  and  the  proceeds  will  repay  the  deficiency  of  the  animal  pro- 
dncta  in  meeting  the  rent  of  the  first  half-year,  and  thus  the  rent  of  the 
whole  year  is  drawn  from  the  farm,  without  at  aii  trenching  on  niakei»ioag 
the  capital  of  the  farmer,  whose  funds  are  thus  replemshed,  bnt 
must  still  mAke  an  advance  of  money  as  required  during  the  currency  of  the 
year;  low  prices  and  dull  markets  may  prevent  the  timeous  disposal  of  the 
produce,  and  a  deficient  crop  of  grains  may  demand  a  store  whence  to  supply 
any  want  that  is  caused  by  the  foilure.  The  fexmer  may  calculate  on  a  some- 
what less  capital  to  take  a  Uam  by  tins  mode  of  paying  the  rent,  but  not 
in  the  full  amount  of  the  year's  rent»  by  reason  of  the  accidents  that  may 
happen. 

When  the  entry  takes  place  in  November,  a  period  of  twolvo  The  Xovem- 
months  has  elapsed  when  the  first  half-year  s  rent  is  demandea,  MmiJar 
in  the  same  month,  of  the  following  year.   The  farmer  has  obtained  the 
proceeds  of  the  animal  department  for  a  year,  and  has  reaped  "  only"  the 
spring  crops  of  grain,  as  1^  autumnal  wheats  are  his  predecessor's,  bemg 
sown  before  he  quits  possession  of  the  farm.   In  this  point  of  view  little 
difference  is  found  between  the  entries  of  May  and  November.   The  pos- 
session of  the  land  during  the  previous  summer,  enables  a  better  perform- 
ance of  some  parts  of  the  cultivation,  and  is  freed  of  heavy  valuations, 
while  it  is  liable  to  the  greater  bustle  and  inconvenience  that  is  attached 
to  the  coinmencoment,  than  to  the  fall  of  the  year.    As  has  been  observed, 
the  autumn  entry  is  very  objectionable,  as  it  brings  the  whole  crops  of  the 
year  to  be  arranged  and  manufactured,  after  the  possession  of  the  farm 
has  passed  from  the  owner  of  the  crops.   The  Michaelmas  entry  accnmn- 
lates  a  heavy  expense  on  the  incoming  tenant,  the  valuation  of  the 
nnexhaosted  tillages,  the  purchase  of  the  outgoing  grain  crops,  MioiMiiiiat 
if  he  is  bound  to  do  so,  and  the  rent  of  the  year,  in  half*yearly 
payments,  before  any  crop  has  been  reaped  of  his  own  property,  raise  an 
expense  that  is  very  unsuitable  to  the  extents  of  possession  and  the  con- 
stitutional value  of  the  lands,  and  very  justly  condemn  that  period  of  the 
year  as  an  entry  to  a  farm.    The  expense  is  much  too  great  in  the  first 
year  to  he  met  by  ordinary  circumstances,  and  no  adequate  result  atteods 
the  arrangement,  that  cannot  be  obtained  by  an  easier  mode  of  dealing. 
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TheHaj  '^^^  entry  on  tlie  Ist  of  May,  to  which  the  best  preference  ig 
expenilveL 


rbieui  given,  is  by  much  the  least  expensive,  and  by  far  the  most  con- 


venient. The  first  half-year  s  rent  is  paid  in  November  of  the 
year  of  entiy,  being  ax  months  from  that  date)  and  gives  the  sommer 
pTodnoe  of  the  animal  department  to  the  &nner,  wherewith  to  meet  the 
current  expenses,  and  the  first  rent»  if  any  sorplns  remains  for  that  porpoee. 
The  amount  of  the  first  year's  rent  oiters  into  the  capital  necessary  to 
manage  the  farm,  but  the  payment  of  the  rent  regularly  as  the  time  pro- 
greflses,  is  in  keeping  with  correct  bnsiness,  and  at  the  expirj'  of  the 
lease  the  posBession  of  the  farm  and  the  payment  of  rent  cease 

and  most  ^       _  . 

convenient  tos^ether.  This  method  accords  with  compact  movements  and 
lease  ex-  agreeable  separations.  But  an  accommodation  havins:  been 
formed  for  the  potitponemeut  of  the  rent  till  a  crop  liae  been 
reaped,  the  objections  have  been  much  reconciled;  but,  still  giving 
the  preference  to  the  entry  in  May,  rather  than  in  November,  on 
account  of  the  whole  crops  of  the  year  bdng  at  the  latter  pmod 
on  the  hands  of  transfer,  which  causes  mndi  nnneoessary  biuineas  and 
commotion. 

Bt  ipuiati  cns  stipulations  of  the  lease  condescend  to  the  upholding  and 

of  the  iea«e.  preservation  of  the  bnildin.^s  on  the  farm,  and  of  the  fences  and 
roads,  and  any  other  fixed  appendages  that  may  be  on  the  lands  of  occupa- 
tion. The  outgoing  tenant  is  usually  bound  to  keep  and  leave  in  good 
repair,  all  the  fixed  utenails  of  the  farm,  and  the  incoming  tenant  accepts 
them  in  that  condition,  and  comes  under  the  same  obligation  am  his  prede- 
cessor. If  the  latter  party  has  iiEiiled  in  this  part  of  the  contract,  the  duty 
fidls  upon  the  landlord,  tiiat  the  neglect  be  repaired  by  the  party  who  is 
liable,  or  that  the  ntensils  be  pnt  into  the  proper  order,  at  his  own  cost» 
in  which  the  incoming  tenant  can  receive  them.  The  landlord  can  have 
the  necessary  repairs,  that  have  been  neglected,  to  be  estimated,  and  charge 
the  outgoing  tenant  with  the  amount.  The  necessary  repairs  must  always 
be  done  by  the  possessing  tenant  when  seen  to  be  required,  and  it  is  the 
duty  of  the  agent  on  the  estate  to  inspect  the  condition  of  every  appen-> 
dage,  examine  the  stability,  and  direct  the  effective  maintenance. 

When  new  buildings  are  to  be  erected,  or  extensive  alterations  to  be 
made,  a  separate  clause  in  the  lease  is  required  for  the  special  case;  and 
when  the  occurrence  happens  during  the  lease,  a  new  agreement  is 
made  to  suit  Ihe  business,  which  is  aiq)ended  to  the  original  document. 
In  these  specialties,  the  performances  and  obligations  of  both  parties  are 
clearly  defined,  and  distinctly  expressed.  The  tenant  receives  of  the 
landlordi  the  raw  materials  of  the  repairs. 

Support  of  ^3  ^  ^^^y  equitable  condition  which  requires  the  tenant  to 

iiuUdiiigs.  'jphold  the  buildings  in  the  same  good  condition  in  which  he 
found  them,  as  his  fair  interest  in  the  use  of  the  houses  imposes  upon  him 
the  very  just  demand.  The  extensive  and  iireparable  decays  of  nature 
are  always  excepted— the  roof  of  a  house,  the  doom,  walls,  and  gates,  may 
have  lasted  beyond  the  possibility  of  repair,  and  no  dispute  can  happen 
anent  the  complete  restitution.   The  tenant  is  firequently  held  liable  for 
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damage  to  the  Mldinga  hy  fire — ^bitt  as  the  hoiuea  are  die  property  of  the 
landonmer,  eqnily  would  direct  that  lihe  inauranee  of  the  buUdisgs  be  done 
by  the  proprietoi^a  coet»  and  the  fermer  pays  for  the  security  of  bis  own 
property,  which  k  lodged  or  manufactured  in  the  erections.   A  clause  in 

the  lease  stipulates  this  arrangemeTit. 

The  roads,  fences,  and  watercourses  are  managed  on  the  panie  coiuli- 
tions.  The  incoming  tenant  examines  the  state  of  theae  appendages,  and 
accepts  them,  and  is  bound  to  uphold  the  suitable  condition,  and  to  exhibit 
it  when  he  quits  the  farm.  If  any  extensiye  alteration  be  ar-  Boads  and 
ranged,  it  ia  specially  expreased  in  the  lease,  and  when  a  wholly 
new  ezecntion  is  determined,  it  ia  made  the  subject  of  a  mutual  contract, 
which  ia  singly  entertained  and  expressed.  All  tiiese  arrangements  be- 
tween the  contraetiiig  parties  must,  and  very  easily  can,  be  so  pointedly 
exiweaaed,  and  eadly  understood,  as  never  to  aflford occasion  to  diaagreeahle 
and  unseemly  disputes. 

The  watercourses  here  mentioned  are  the  beds  of  small  streams  that  in- 
tersect the  grounds  of  the  farm,  Txnd  which  at  occasional  periods  will  cause 
damage  to  the  lande  by  pulling  down  and  carrying  away  the  alluvial 
banks  of  the  stream.   The  courses  of  rivers  and  of  all  large  water, 
bodies  of  water  which  rise  to  the  name  of  brooks,  and  form  the  ^"""^ 
boundaries  of  estates,  or  of  farms,  are  the  province  of  the  landlord,  and  are 
kq>t  in  the  proper  order  by  his  administration.  The  means  that  are  to  be 
adopted,  and  the  execution  of  the  guards  again?;!  depredations  by  unruly 
bodies  of  water,  will  form  the  matter  of  a  subsequent  chapter.    The  farmer 
has  only  to  do  with  occasional  torrents  of  water  which  intersect  his  lands, 
tear  the  soil,  and  make  a  waste  of  groimd.    The  bed  may  receive  the 
covered  drains  of  wet  grounds,  and  rei^uire  a  clear  discharge  at  all  times, 
or  it  may  run  alongside  a  fence,  and  endanger  the  stability  of  it,  when  the 
outrageous  torrent  is  not  securely  confined.   In  theae  cases  the  duty  of 
preaerradon  is  evidently  that  of  the  farmer,  but  subjected  to  such  assist- 
ance from  the  landlord  as  will  seem  to  be  required  from  his  permanent 
md  fatore  interests  in  all  such  mattors.   In  case  of  any  violent  Lanaioi«'B 
and  extraordinary  accident,  the  landowner  will  not  refiiisc  the 
liability  of  part  of  the  restoration,  and  sometimes  materials  rather  than 
labour  will  be  required,  and  the  former  may  he  readily  at  his  command. 
Strong  stakes  to  be  driven  into  the  soft  bottom  of  the  torrent,  and  branches 
of  trees  to  be  woven  among  the  stakes,  with  the  growing  end  &vouring  the 
direction  of  the  wator,  are  very  useful  materials  m  the  cases  of  small  brooks 
of  water,  or  slender  courses  that  are  liable  to  be  much  swollen  by  heavy 
rains  or  sudden  thaws,  and  to  become  unmanageable  by  the  ordinary 
confinements.  These  artidee  may  well  be  afforded  by  the  landlord,  as  the 
strong  work  that  is  done  will  add  to  the  future  pernianence.    The  tmdcr- 
standings  had  better  be  expressed  ir?  flip  lease  which  relate  to  SQoh  and 
similar  points,  and  also  the  exert  i  [  .t  ions,  which  are  expressly  and  In  em. 
the  duty  of  the  landlord,  who  mmi  be  equally  bound  with  the  ^''*'""**' 
tenant  in  the  mutual  obligationa.   Beads,  f^ces,  watercourses,  and  em- 
bankments will  undergo  a  subsequent  dtscuseion,  and  the  propriety  vnll 
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be  oonaidered  of  almost  wholly  relieving  the  fanner  of  the  chaige  of  any 
fixed  ai^endagea  on  the  farm.  A  temporary  interest  ever  leads  to  neg- 
lect, which  it  is  the  right  of  the  landlord  to  have  redresBedi  the  latter  mnst 
have  an  oversight  of  the  former,  which  might  probably  be  ocmmnted  into 
a  beneficial  chuge,  when  some  necessary  arrangements  are  made  to  suit 
the  alteration.  The  hint  is  merely  given  here,  the  adoption  remains  for 
the  future  expediency. 

The  rules  and  conditions  of  managenient  are  a  very  essential  branch  of 
the  subject  of  a  lease,  and  liave  been  generally  treated  at  greater  length 
than  any  of  the  others,  Irom  a  belief  of  its  vast  importance,  and  being  far- 
tiiest  removed  from  the  knowledge  of  thoee  persons  who  pretend  to  draw 
the  stipulations  of  the  lease  of  land.  In  the  infancy  of  improved  agri- 
soiM  «r  culture,  directions  and  restrictionfl  were  not  only  justifiable,  but 
iiiwiagem«]kt.  .^^yy  ijoperatively  required;  but  now  that  agriculture  ie  every- 
where known,  much  less  occasion  prevaUs  for  the  use  of  conditions  in  the 
management  of  land.  An  extreme  liher.iHty  has  pronounced  against  any 
restrictions  being  imposed  upon  the  exertions  of  an  engagement  which 
promises  to  do  a  certain  thing  upon  enjoying  a  specified  privilege,  and 
that  upon  that  thing  being  done,  it  matters  not  how  or  in  wliat  way  the 
privilege  be  used.  To  confine  the  farmer  in  the  sphere  of  hia  operations, 
or  to  dictate  to  him  a  certain  course  of  proceeding  in  the  cultivation  of 
the  soil  in  which  he  has  invested  ausu-£nictaary  interest,  resembles  pre- 
mutt  lie  ve.  scribing  to  a  maltster  how  many  quarters  of  barley  he  must 
steep  in  a  week,  and  to  a  cotton  manufacturer  how  often  the 
spindles  mnst  revolve  in  a  day.  But  the  analogy  between  the  two  pur. 
poses  does  not  hold,  as  the  circumstances  of  application  are  wholly  dif- 
ferent, the  farmer  and  the  manufacturer  pay  rent  to  the  landlord  for  the 
use  of  articles  that  arc  verv  different  in  nature  and  constitution,  variouslv 
adapted,  and  liable  to  very  opposite  susceptibilities.  '^I'he  walls,  doors, 
windows,  and  roof  of  the  house  which  covers  the  manufacturing  operations 
suffer  no  damage,  even  from  the  perpetual  motion  of  the  whole  madiineiy 
that  is  employed,  accidents  being  excepted,  there  is  no  connection  between 
the  two  parties  that  can  impair  the  value  or  constitution  by  the  one  prey- 
ing upon  the  other.  The  operations  are  done  by  matter  working  upon 
matter  by  means  of  an  intellectual  superiority  over  brute  force,  there  is  no 
vitality  employed  which  requires  a  sustenation  from  the  pow^  of 
another  article,  and  which  is  damag^ed  by  the  subtraction  of  its  essence. 

The  emplojTnent  of  the  farmer  is  engaged  upon  difl'ercnt  ele- 
ments, the  produce  which  be  acquires  is  manufactured  by  the 
active  powers  of  life,  which  are  contained  and  operated  in  the  land  for 
which  the  rent  is  paid,  and  are  there  excited  by  artificial  processes  and 
applications.  A  very  continued  use  of  the  soil  in  certain  purpoees  is  found 
to  deteriorate  the  qxulity,  and  very  much  to  impair  the  value,  and  oooae- 
quently  restrictions  have  been  imposed  to  preserve  the  value  of  the  original 
article  which  forms  the  properfy  of  the  landowner.  It  is,  therefore,  still 
necessary,  that  some  rules  and  restrictions  be  mentioned  in  the  lease  for 
the  purpose  of  guarding  property  from  spoliation. 
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Any  directioxis  given  to  the  f^mer  should  relate  rather  to  j^^iiddiiig 

what  he  is  not  to  do  than  to  what  he  ie  to  ueTform.    The  end  »*th«r  t&tn 
proposed  must  not  be  to  fetter  and  control  the  tenant  in  the 
necessary  details  of  his  business,  but  to  lay  down  a  few  general  rnles  as 
"will  lead  to  some  benefit  and  prevent  what  is  prej\ulieiaL    No  particular 
directioiitt  are  to  be  given  of  the  labours  of  the  farm,  as  these  duties  belong 
wholly  to  the  fiumer  himself,  but  only  general  BtipnlationB  are  to  be  used, 
which  are  seen  to  be  of  ready  observance,  and  which  do  not  require  to  be 
enforced  by  a  useless  and  injurious  interference  with  the  legiti-  gusgc^tmg 
mate  concerns  of  the  tenant  An  imperfectly  cultivated  country  ^^^^ 
may  be  much  assisted  by  the  directions  of  a  lease,  which  may  be 
made  a  powerful  instrument  for  that  purpose;  but  even  in  that  case,  general 
principles  and  rules  of  ma.na«fement  must  show  the  interest  to  he  pursued, 
rather  ttma  vexatious] y  disturb  and  annoy  the  existing  forms  of  practice. 

The  enlightened  knowledge  of  the  present  period  of  agricultural  prac- 
tice renders  unnecessary  the  insertion  oi'  details  for  the  use  of  the  £armer| 
and  even  the  general  prindplea  must  be  few,  and  which  appear  to  be  im- 
peratively neoeesary  and  altogether  indispensable.  Jxi  the  case  of  fiurms 
that  are  near  to  a  town,  and  vrithin  the  convenient  distance  of  one  journey 
in  a  day,  or  of  two  journeys  in  the  twelve  hours  of  summer,  the  under- 
standing may  be  expressed  in  the  lease  that  the  land  be  cultivated  in  the 
course  of  four  years,  viis. : — 1,  fallow  or  root  crops;  2,  grain  crops;  8, 
grasses;  i,  grains;  and  then  the  hay  and  straw  are  allowed  to  Q^uml 
be  exchanged  for  half-rotted  manure  brought  from  tiie  town  in 
return.  This  rotation  may  be  continued  in  the  very  favoured  situations  of 
the  best  lands,  where  is  au  extraneous  source  of  obtaining  manures.  On 
the  best  qualities  of  soils  that  are  placed  beyond  the  advantages  of  manure 
above  the  quantify  made  from  the  yearly  crops,  the  rotation  of  five  years 
is  mentioned  in— 1,  fallow  or  &llow  crops;  2,  grain  crops;  3,  clovers; 
4,  pasture ;  6,  grains.  With  some  very  few  exceptions,  this  course  of 
cropping  may  be  pronounced  to  be  the  most  generally  suitable  for  the 
British  isles.  On  the  most  inferior  cultivated  lands,  the  course  of  six  years 
becomes  very  appropriate,  as — 1,  fallow  or  fallow  crops ;  2,  grain  crops ; 
8  clovers;  4,  pasture  ;  />,  pasture;  6,  grains.  It  may  be  mentioned,  that 
in  preparing  the  grounds  for  the  fallow  crops,  the  land  shall  receive  at  least 
three  clean  earths,  exclusive  of  the  winter  pioughiiig  and  the  drilliiig  ul 
the  ground  for  sowing  the  seeds  of  the  crops.  These  dauaes  may  bntnotonm- 
be  inserted  or  omitted,  as  the  circumstances  of  each  special  case  ' 
may  seem  to  require. 

The  fiinner  must  agree  not  to  take  two  crops  of  grain  in  succession  from 
the  same  ground,  and  not  to  mow  any  grass  land  for  hay  twice  in  the  same 
year.  Any  fields  of  grass  land  that  are  of  very  superior  quality,  must  be 
designated  by  name  to  he  kept  in  that  condition  of  tise,  and  to  be  mown  or 
pastured,  as  circumstances  may  require,  and  without  any  provision  in  the 
lease  for  tiiat  purpose ;  but  no  restrictions  luust  be  imposed  on  the  tenant 
breaking  up  and  using  as  arable  grounds  all  inferior  graaa  lands,  which  at 
present  yield  chiefly  very  scanty  crops  of  weeds  and  mosses.   It  may  be 
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▼tried by dr-  mentioned,  that  all  hays  and  stra-vro  are  to  be  consumed  on  the 
ojjMtanceB.  fa^m,  Gxccpt  in  the  vicinity  of  towns,  when  a  special  arraiigcj- 
ment  provides  for  the  alienation  by  an  express  clause  in  the  lease.  Hay 
is  in  some  cases  allowed  to  be  sold,  and  straw  is  prohibited  j  potatoes  are 
sold  every wliere,  but  turnips  must  be  consiuned  oix  the  £arnk  These  varia* 
tions  are  guided  by  ibe  peculiar  circiiznataiices  in  which  the  location  of  the 
land  exists. 

These  and  similar  roles  of  general  adaptati(m  are  as  few  in  number  as 

possible^  in  order  that  the  fikrmer  may  not  he  converted  into  a  mere  ma- 
dune,  the  action  of  whidi  is  altogether  directed  by  an  external  application. 

The  mnch  criticised  words,  "bv  the  rules  of  orood  husbandry," 

"  Good  bU-  ^  rr   •  ... 

iKadij^  d»>  are  appropriate  enough,  and  sufficiently  intelligible,  and  mean 
that  all  the  performances  of  cultivation  shall  be  done  in  the  best 
and  most  approved  methods.  These  operations  are  well  understood  in  the 
present  day  of  practical  farming.  In  the  courses  of  cropping  that  iiave 
been  mentioned,  one-fonrth,  one-fifth,  and  one-sixth  part  of  the  arable 
lands  will  be  yearly  Mowed,  as  shown  by  the  number  of  years  in  the 
rotation.  la  the  end  of  the  lease  the  tenant  most  not  depart  tarn  the 
course  of  cultivation  that  has  pvevailed  during  the  currency  of  the  leasC; 
and  a  clause  is  made  to  contain  this  enactment^  in  order  that  the  landisnoi 
sconrged  by  severe  cropping  to  fill  the  pochets  of  the  outgoing  tenant.  The 
interests  of  the  landlord  and  fanner  are  certainly  the  same  in  reality,  but 
they  do  somewhat  differ  in  the  latter  years  of  the  lease  when  the  farm  is  to 
be  quitted;  and  fair  dealing  requires  that  no  intercBt  shall  abuse 
the  other  ;  and  there  can  he  no  hardship  in  binding  the  tenant  to 
continue  to  the  end  of  iiie  lea*ie  the  system  which  he  has  redt- 
oned  tobe  the  best  for  his  own  interest.  A  sufficient  guarantee  of  good 
management  does  not  invariably  lodge  in  the  interest  of  the  tenant,  the 
circumstances  of  his  pontion  may  be  widely  changed  during  an  extended 
term  of  years,  and  the  landlord  must  not  be  injured  by  the  casualties  or 
contingencies  that  may  happ^  to  the  private  means  of  the  tenant.  PubUc 
property  should  not  suffer  from  private  accidents. 

The  root  crops  and  the  hay  of  the  previous  year  will  be  wholly  COH" 
Bumed  by  the  first  of  May,  or  the  time  of  entry  ;  but  part  of  the  straw  will 
be  remaining  in  a  ilirabued  state,  and  all  the  dung  made  in  the  cattle  yards 
during  winter  will  be  on  the  ground,  and  best  carried  out  to  heaps  near  to 
the  fields  to  which  it  vQl  be  applied.  Tbeae  unapplied  productions  belong 
to  the  fitrm,  and  are  used  l^  the  incoming  tenantfree  of  any  charge;  but  a 
tenant  right  of  three  years  is  given  for  the  unexpired  value  of  sitificial 
manures,  as  bones  and  guano,  which  are  extraneous  to  the  &rm, 
atnwgofrM.  require  a  separate  consideration.  The  remaining  benefit  in 
one  or  two  years  is  valued  by  referees,  and  paid  by  the  incoming  tenant. 
Axtiiuu  ^^^Ken  three  crops  bave  been  got  since  the  application  of  the 
Smiarigfat  ^J^anure,  the  right  of  compensation  ceases.  This  enactment  has 
9t9yma.  been  introduced  on  the  extensive  estates  of  the  Greenwich  Hos- 
pital, in  Northumberland,  under  the  direction  of  Jolin  Grey,  Esq.,  Dilston, 
whom  we  have  before  mentioned,  as  the  agent  on  chat  property.    It  is  a 


ON  LANDED  PfiOP£BTT. 


891 


most  equitable  atipalation,  as  it  does  not  hinder  the  tenant  from  making 
nBefal  spplicationa,  even  when  lie  knows  he  qnits  the  farm  irom  the  dread 
of  losing  the  fiiU  value  by  the  removaL   By  getting  no  value  sfr.  cbty'a 

for  the  farm-yard  dung,  he  does  not  lose  any  thing,  as  he  gets  p****^*''*' 
the  same  conditions  on  tbe  farm  to  which  he  removes ;  but  there  may  not 
be  any  artificial  manures  in  use,  and  no  benefit  can  be  derived  irom  tliem. 
Hence  the  extra  application  of  artificial  manures  requires  a  separate  COU- 
8ideratio%  and  are  justly  entitled  to  the  above  recompense.  Even  under 
a  lease,  the  liability  does  not  cease,  as  it  has  an  israe,  just  as  tenancy  at 
will  ea^ires  on  a  due  notice  beii^  givoa. 

The  landlord  reserves  for  his  own  use,  and  witholds  from  the  woods  mi 
occupier  of  the  sur&ce,  the  workable  minerals,  as  metals,  coals 
and  Ihnestone :  clay  may  be  added,  when  the  quality  of  it  suit  the  mc  in 
making  bricks  and  tiles.  The  farmer  is  paid  for  any  surface  damage  that 
may  be  done,  by  the  award  of  arbitrators,  as  it  cannot  he  Imown  at  the 
time  of  negotiating  the  leaae.  Growing  wood  of  all  kiudd  belong  to  the 
landlord,  with  the  provisions  of  felling  and  pruning  the  trees,  and  car- 
rying away  the  produce.  All  woodlands  endoeed  or  unenclosed,  are  the 
landlord's  reservation,  which  is  not  abandoned  by  the  pasturage  being  used 
by  the  farmer.  But  the  lease  must  expressly  mention  the  q>ecial  rights 
in  these  cases.  A  power  is  sometimeB  reserved  of  taking,  to  be  planted  with 
trees  during  the  lea^,  any  quantity  of  ground,  on  the  tenant  being  abated  in 
the  rent  for  the  estimated  value.  The  rent  of  one  and  a  half  years  is  generally 
deducted,  as  a  set-off  for  the  inconvenience  of  losing  probably  an  undue 
quantity  of  land,  or  at  least  an  nne:?pected  choice  of  the  bereavement.  It 
is  best  when  the  landlord  reserves  at  once  from  the  lease,  some  fixed 
quantity  of  laud^  to  be  resumed  at  any  tim&,  and  merely  defers  his  power 
to  do  so  to  a  convenient  time.  Uncertain  reservations  often  lead  to  misun- 
derstandings and  disputes. 

The  right  of  the  bmdlord  to  shoot,  hunt,  fish,  and  fowl,  on  tbe  Hnntiiic  and 
lands  let  to  the  former,  is  generally  understood  to  be  of  common  ^*>>^< 
law,  but  is  best  expressly  mentioned  in  the  lease.  The  keeping  of  ox- 
tensive  and  thickly  stocked  preserves  of  game  animals,  is  quite  a  diilerent 
snbject  from  walking  over  grounds  in  search  of  the  stray  birds  that 
alight  upon  the  surface  from  hunger,  or  from  ]»eing  w^earied  on  the  wing : 
the  former  case  requires  liiat  the  cultivated  lands  which  smround  the  pre- 
serves, be  used  by  the  landowners  themselves,  the  damage  done  to  the 
crops  by  the  animals  will  fall  upon  the  proper  quarter,  and  complaints  and 
bickerings  will  be  removed.  In  common  cases  of  the  open  farms  at  a  distance 
from  the  seats  of  landowners,  therightto  shootthe  four>footed  animals  might 
be  giv^  to  the  farmer,  reserving  to  the  landlord  the  privily  of  murder- 
ing the  winged  tenants  of  the  air.  Some  such  arrangement  might  lead  to  a 
settlement  or  a  lull  of  the  vexatious  question  of  game,  and  damage  ^^^^^ 
to  growing  crops.  The  right  is  not  likely  to  be  relinquished  by  •eeomm©. 
the  owner  of  the  soil,  and  therefore  should  be  accommodated. 

The  insertion  of  a  clause  is  quite  harmless  that  the  landlord  or  his 
agents  have  a  power,  at  any  time,  to  enter  the  grounds  and  see  that  tbe 
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conditions  are  oomplied  with.  Snob  a  power  must  evidenifly  be  nnder- 
Btood ;  but  a  olanse  to  that  effect  ia  generally  inserted. 

The  rights  of  the  oontracting  parties  are  capable  of  being  determined 
by  conunon  law,  bat  are  genenUly  fixed  and  explained  by  the  terms  of 

the  agreement.  The  farmer  and  his  heirs  hold  the  lease  during-  the  stipu- 
lated time,  on  the  conditions  being  fulfilled  which  were  laid  down  in  the 
ItaMit  contract.  A  lease  of  laud  is  an  lif^ritable  subject,  and  in  case  of 
intestacy,  goes  to  the  heir-at-iaw  :  and  iu  Knglaud  the  deed  ex- 
cludes  snbtenants,  but  is  directed  to  heirs  and  assigns,  without  any  moles- 
tation from  the  landlord.  In  Scotland,  not  only  are  subtenants  excluded, 
but  likewise  asngnees,  legal  or  volnntary,  inferring  that  the  lease  shall  go 
to  the  heir-at-law  alone.  This  rigid  destination  of  the  lease,  does  not 
answer  any  purpoee  of  utility  :  it  is  intended  to  give  to  the  landlord  the 
choice  of  a  tenant  on  the  death  of  the  original  occupier. 

During  the  currency  of  the  lease,' the  farm  may  pass  into  the  hands  of 
distant  heirs,  of  whom  the  landlord  can  know  nothing,  or  into  the  haiuls 
of  gxmrdians  or  other  legal  managers,  that  are  altogether  unknown  to  him. 

„  ,  The  "electus  porsonyt^"  or  the  choice  of  the  person  who  shall 
Blunua  not 

bettriBtly  occupy  his  property,  has  been  much  insisted  upon,  as  the  privi- 
lege  of  the  landowner ;  and  it  haa  led  to  the  nominatiou  in  the 
lease  of  the  parties  who  shall  inherit  the  farm  in  the  case  of  changes 
occnrring  in  the  natural  livee  of  the  occupiers.  But  OTen  with  these  pro- 
visions, the  landlord  does  not  obtain  the  certainty  that  the  heir  of  the 
leas^  who  may  be  then  unborn,  shall  choose  the  farming  profession,  and 
be  qualified  to  conduct  the  culthration  of  land ;  nor  does  he  know  that  the 
specified  members  of  the  family  will  undertake  the  conditions  of  the  lease, 
with  the  willingness  and  ardour  that  are  requisite  to  ensure  succcsf?  in  any 
imdertaking.  The  heir-at-law,  or  the  eldest  son,  may  be  prevented  by 
circumstances  from  becoming  a  farmer,  he  may  be  the  least  qualified  raem- 
mightiwde-  fiunily,  and  viurioua  causes  may  render  him  unfit  for 

vitoed^the  the  intended  occupation.  The  farmer  has  no  power  to  rectify 
the  evil,  by  making  any  other  assignation;  but  there  may  be 
B<mie  advantage  in  getting  the  eldest  son  trained  to  agriculture  as  a  prO' 
fession  from  diildhoc^,  from  being  regarded  as  the  heir  of  the  leaae. 
Though  not  many  practical  inconveniences  result  from  the  established 
custom,  the  tenant  may,  without  any  damage  on  the  oppottte  side,  have 
the  power  of  devising  his  le^e  as  any  other  part  of  property. 
dMiMofft  The  choice  of  a  tenant  or  temporaiy  occupier  of  land,  in- 
volves  several  points  of  very  grave  consideration.  The  cus- 
tomary acutenesa  of  the  Boman  people  did  not  overlook  the  qualifications 
that  should  attend  the  amenable  cultivator  of  the  soil — for  OolumeUa  in 
the  book  "  De  Be  Bustica^**  expressly  says,  that  the  occupier  should  be  a 
person  "qui  sdet,  qui  poterit,  et  volet,"  or  one  who  knows  how  to  do  the  buai- 
nees,  who  has  the  means  of  doing  it,  and  who  has  the  willing  ardour  to  per- 
form the  duties  of  the  und^iaking.  The  professiooal  knowledge  of  the  offer- 
ing person  must  be  vny  strictiy  r^^ed,  and  a  satiefaction  <m  this  point 
must  be  obtained  befbre  any  advances  are  made  to  the  other  points  of  ad- 
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jnstxnent.  Ample  recommendationB  must  be  got  of  bis  capability  on  this 
iLead,  from  quarters  that  set  aside  any  expressed  doubts.  Ignorance  will 
ruin  any  property,  and  render  of  no  avail  all  the  safeguards  which  a  lease 
can  contain.  It  may  appear  a  veiy  inquisitorial  sort  of  bnsineaa,  but  there 
seems  to  be  a  necessity,  that  the  landowner  shall  know  the  means  . ,  .  „ 

_  trail  U 

that  are  possessed  by  the  <^ering  tenant,  to  enable  him  to  culti*  ^ 
vate  the  land  in  the  most  approved  practice  of  agriculture.  Ex- 
tensive damages  have  accrued  to  the  owners  of  the  soil,  and  heavy  losses 
and  large  inconveniencee  "have  attached  to  the  cultivators  tliemselves,  from 
the  perpetual  desire  of  grasping  more  in  the  hands  than  can  be  firmly 
held,  and  of  extending  the  sphere  of  operations  much  beyond  the  means 
of  the  proper  accomplishment.    Expansion  will  ever  be  much  weaker 
than  compression,  and  combination  of  force,  of  .any  kind,  has  ever  been 
attended  with  magical  results,  when  directed  by  the  legitimate  com- 
pehension  of  its  value.  The  owner  of  the  soil  is  entitled  to  have  some 
understanding  on  this  head — a  correct  statement  of  means  need  not  be  re* 
quested — ^buta  gross  estimate  maybe  offered,  and  confirmed  by  the  proper 
marks  of  validity.   The  capital  required  will  vary  from  £6  to  capital 
£10  per  acre,  according  to  the  circumstances  of  the  price  of 
commodities,  and  the  condition  of  the  farm  as  arable  or  grazinor  grounds. 
Of  the  whole  amount  of  capital,  at  least  one-fourth  part  muat  be  SMomi 
reserved  in  store  as  a  fund  at  interest  for  the  purpose  of  meet- 
ing  the  demands  of  accidents,  and  unexpected  contingencies.  Casualties 
of  every  kind  must  be  supplied  by  the  reserves,  which  must  be  ready  at 
command  when  wanted,  promptly  administered,  and  of  sufficient  power 
to  fill'the  gap  and  repair  the  disaster.   No  prudent  director  of  a  consider^ 
able  amount  of  power  of  any  kind,  ever  expends  the  whole  amount  in  the 
first  effort— a  part  is  always  reserved  to  assist  the  points  that  may  fail  from 
unexpected  resistance,  and  to  supply  the  wants  that  may  occur,  and  the 
accidents  that  may  happen.     Many  enterprises  miscarry  from  want  of 
this  reserve — and  farming  being  exposed  to  many  contingencies,  requires 
such  a  provision  as  much  as  any  undertaking  of  action.    Of  all  the  evils 
that  can  affect  the  farmer,  none  is  more  to  be  dreaded,  or  more  pernicious, 
than  tiie  want  of  the  requisite  fimds,  and  of  a  reserved  capital :  without  a 
anffident  amount  of  means,  every  effort  is  vain  and  delusive^-the  absence 
of  the  prime  mover  sinks  every  knowledge,  and  destroys  all  the  attempts 
of  an  eager  progression.   The  landlord  is  damaged  in  his  property,  and 
the  public  are  despoUed  the  legitimate  inheritance  in  the  production  of  the 
necessaries  of  life.    Labour  is  robbed  of  its  patrimony,  in  not  being  employed 
to  the  due  extent,  and  the  formation  and  accumulation  of  capital  are 
stopped  at  the  very  fountain  head. 

There  is  also  required  in  a  farmer,  the  wish  and  the  willing-  N«cMMiy 
ness,  to  do  the  business  in  the  proper  manner;  the  ardour  which  "^D^pwie. 
creates  the  zealous  emulation,  and  the  enthusiasm  which  renders  success 
to  be  certain  in  any  uidertaking.  A  sluggish,  mindless  plodding,  must 
if  possible  be  avoided,  which  neglects  the  opportunities  that  may  be  lib- 
erally offered  in  the  due  seeurily  of  tenure,  the  very  full  and  adequate 


894 


ON  LANDED  PB0FEBT7. 


provision  of  fixed  capital,  on  which  the  floating  funds  of  the  farmer  are 
used  in  nhe  permanent  appondages  that  have  been  before  mentioned,  and  the 
compliaDce,  on  the  part  of  the  landlord,  with  every  reasonable  demand 
that  is  made  by  the  teuftut,  on  his  meims  and  his  liberal  consideiation. 
The  fiurmer  should  possess  an  eager  desire  to  enter  into  these  views,  and 
to  advantage  himself,  by  the  use  of  die  endowments  whieh  are  seen  to 
exist,  and  which  may  in  fntnre  be  granted.  The  landlord  has  a  right  to 
be  satisfied  on  these  points,  as  &r  as  enquiry  can  lead  to  an  opinion. 
Expired  When  land  is  out  of  lease,  the  general  rule  Hhould  be  to  treat 

leahcs.  with  the  tenant  in  possession.  He  is  acquainted  witli  tlu;  farm, 
and  attached  to  it  by  habit,  and  some  one  of  hia  family  or  relations  may 
look  on  the  farm  and  the  lease  as  their  descending  patrimony.  The  feel- 
ings of  old  age  and  of  infancy  axe  torn  asmider,  by  the  dispossession  of  the 
old  tenant,  and  doubts  and  fears  may  darken  the  later  years  of  life. 
Violence  is  required  to  break  the  long  association  which  even  the  respect 
of  place  winds  round  the  heart,  and  the  pangs  of  sepamtion  are  many  and 
acute.  Oases  will  arise  which  forUd  the  treating  with  the  old  tenant- 
he  may  he  superannuated,  or  has  been  a  slovenly  cultivator,  and  has  ne- 
glected the  opportunities  that  have  been  offered.  Then  auother  person 
must  be  sought  by  private  acquaintance,  or  by  advertisiog. 
When  to  tw  The  treaty  with  the  tenant  in  poaseiision,  when  circumstances 
are  suitable,  should  be  ended  two  or  three  yeara  before  the 
old  lease  expires,  as  it  removes  any  inducement  to  scourge  the  land  by 
cropping,  the  ordinary  management  is  uninterrupted,  and  the  land  is  bet- 
ter  treated  than  if  the  lease  had  expired.  The  old  tenant  is  generally 
preferred  to  give  the  full  value  of  ^e  land,  which  his  experience  will 
warrant.  He  will  be  easier  treated  with  than  a  Btranger  on  matters  of 
new  outlay,  and  any  requirements  tliat  are  made,  will  be  more  speedily 
adjusted  with  him,  than  in  the  case  of  a  new  possessor,  who  will  see  more 
wants,  and  req^uire  more  accommodation.  The  troublesome  conditions 
vrill  be  avoided  which  attend  all  changes,  even  when  done  under  the 
easiest  and  least  intnuive  conditions.  TbiB  &ct  carries  with  it  some 
very  considerable  weight,  on  the  subject  of  letting  farms  that  are  out  of  lease. 
Advertising  When  any  fiurm  is  wholly  voided  by  the  late  possession,  an 
«f  Amu.  advertisement  may  be  made  of  the  opportunity  of  negotiation, 
for  itfl  use,  but  no  auction  should  ever  be  allowed  to  the  highest  bidder. 
Not  the  promise  of  a  rent  is  to  be  regarded  ;  but  the  skill,  capital,  and 
character  of  the  tenant,  are  the  chief  considerations,  and  must  be  found 
in  existence,  or  very  serious  losses  will  happen  to  the  owners  of  the  soil, 
as  'have  already  been  witnessed  in  a  large  abundance.  The  promise  of  a 
very  high  rent  argues  an  ignorance  of  the  business,  or  that  no  loss  can  be 
sustained ;  and  no  evils  that  can  attach  to  landed  property,  have  inflicted 
more  serious  and  lasting  damage,  thm  the  want  of  sMll  and  funds  by  the 
tenant.  By  treating  with  private  offers,  the  landlord  secures  the  choice  of 
a  tenant,  and  deserving  persons  have  the  means  afforded  them  of  procuring 
farms.  The  character  and  circumstances  of  the  offerers  can  be  privately 
ascertaiued,  and  a  general  comparison  effected — and  it  will  be  learned 
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if  the  most  likely  peison  that  offsrs  is  known  to  exert  his  profeeaional  BkOl 
aad  His  mems  with  an  enthusiastic  discretion,  and  if  in  his  priyate  capaci^ 
and  social  relationship  as  a  man,  he  maintains  the  dignity  of  human  nature, 
as  a  responsible  moral  a^ent.  These  ohservations  do  not  at  all  gxtraii^ow 
tend  to  introduce  any  political  or  religious  distiuctions — those 
views  are  wholly  beyond  the  sidjject — but  the  special  dutica  that  devolve 
on  lauded  property  along  with  its  rights,  render  it  imperative  that  there  be 
upheld  1^  its  statioQ,  a  careful  and  nicely  s&mtinized  selection  from  the 
broad  phase  of  human  nature,  of  the  agents  that  are  to  perform  every  im- 
portant  subordinate  part  in  the  large  operation  of  fulfilling  the  mighty 
scheme  of  nature's  grand  intent.  The  general  course  of  human  nature 
demands  the  provision  of  the  abovS'mentioned  qualities  in  the  station  that, 
is  occupied  by  the  tooer,  of  capital  and  inteUig^ce. 

The.  persons  are  generally  mentioned  in  a  lease  of  land,  who  succession 
are  agreed  by  the  landlord  and  tenant,  to  succeed  in  the  occupa-  totli«l«Me: 
tion  of  the  farm,  in  case  of  the  lapse  of  one  or  more  lives,  during  the 
currency  of  the  period  of  tenure.  These  provisiona  very  freq^uently  give 
the  lease  to  some  person,  who  may  think  it  a  very  troublesome  incum- 
brance, being  bred  to,  and  occulted  in,  a  wholly  different  branch  of 
business,  and  he  has  no  power  to  assign  it  or  give  it  to  another  person. 
He  is  compelled  to  perform  die  occupation,  and  whether  he  succeeds  or 
fitils,  he  must  implement  the  conditions  of  the  lease.  The  eldest  son,  or 
some  younger  member  of  the  &mily,  may  be  bred  to  farming,  with  the 
ezpreas  view  of  inheriting  the  lease  ;  and  in  that  case,  the  lease  may  pro- 
vide, that  the  farm  be  transferred  to  a  specially  educated  son  of  the  farmer, 
and  in  default  of  his  life  to  a  similarly  qnalifM^rl  member  of  the  relations 
of  the  family.  The  farmer,  no  doubt,  should  have  the  power  of  devising 
the  lease  as  any  other  property — but  though  the  lease  be  heritable,  the  pro- 
perty in  it  is  not  absolute,  but  fettered  with  conditions,  that  relate  to  other 
interests,  which  must  be  taken  into  account,  and  legitimately  considered. 
It  is  most  equitable  and  just,  that  an  assignation  of  the  lease  anigiMtkn 
have  the  consent  of  the  landlord,  and  that  he  be  consulted  in  any  *** 
intention  of  changing  the  temporary  proprietorship  of  the  land.  His 
own  interests  will  not,  or  should,  not^  compel  an  unwilling  occupation  by 
an  incompetent  person,  and  no  damage  can  result  to  the  family  of  the 
farmer,  from  the  friendly  int<'"'f'prence  of  the  landlord  in  settliug  the  affairs 
of  a  decease.  The  words  oi  tue  lease  may  allow  the  farmer  to  demise 
the  property  to  the  most  qualified  eon  or  member  of  the  family — ^and  in 
case  of  another  vacancy,  it  shall  go  to  the  next  heir  who  may  appear  the 
most  eligible,  the  4ieir-at-law  being  always  in  reserve,  to  step  in  and 
settle  any  interminable  disputes.  If  these  Actions  are  thought  too  vague, 
and  not  sofiBciently  precise,  the  lease  may  be  held  to  be  devisable,  as  any 
other  property  in  case  of  the  death  of  the  first  holder,  and  to  be  assignable 
by  any  living  possessor  of  it  with  the  consent  of  the  proprietor  of.  the  land. 

The  bankruptcy  of  the  tenant  must  beheld  as  an  "ipso  facto"  ^^anicruptcy 
irritancy  of  the  lease,  which  will  expire  the  first  of  May  that  J^^*^' 
follows  the  event>  and  the  same  obligations  must  bo  done  on 
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both  aides  as  are  preacribed  ior  tke  hmi  year  of  Uie  natural  termination  of 
the  agistment.  No  creditora  most  be  ^owed  to  enter  upon  the  farm,  in 
any  way,  for  the  purpose  of  reimhorsing  themeelvee  by  a  lease  of  tiie 
property — ^the  moveable  goods  only  are  liable  for  debts,  tiie  heritable  are 
beyond  the  power  of  seizure.  The  fiann  is  yacaat,  and  to  be  relet,  or 
granted  in  possession  to  the  Family  of  fhe  larmer,  as  drcmnstanoes  may 
direct  The  landlord  in  that  case  must  see  a  suitable  person  to  continue 
A  new  tenant  farm,  and  be  satisfied  that  sufficient  means  exist  for  that 
ibxiftd.  purpose — otherwise  a  new  tenant  must  be  found, 
BktMk  of  a  1-^^^^"^  following  sketch  of  a  lease  is  drawTi  from  tlie  principles 
that  have  been  stated,  and  contains  the  chief  points  of  agreement, 
to  which  may  be  added  the  additional  clauses  whi<^  may  be  rendered 
necessary  by  local  and  adventitious  causes. 

A.  B.  lets,  and  0.  D.  accepts,  in  lease  for  the  period  of  twenty 

years,  from  1st  of  May  18  ,  Ihe  farm  of  land  known  by  the  name  of 

,  and  situated  in  the  parish  of  ,  and  consisting 

of  acres,  or  thereby,  partly  in  graas,  and  mostly  in  arable  grounds. 

A.  B.  warrants  to  0.  D.,  the  free  and  unmolested  possession  and  use  of 
tiio  lands  for  the  time  specified,  atrainst  all  intrusion  whatsomever.  A.  B. 
reserves  as  his  own  property,  all  the  standing  timbers  on  said  farm,  whe- 
ther contained  in  the  enclosed  plantations,  or  standing  by  the  sides  of  roadu 
or  growing  in  hedge-rows,  with  liberty  to  approach,  cut,  fell,  sell,  and  de- 
liver,  the  said  trees  or  timber  at  the  proper  season  of  the  year.  All  work* 
able  minerals  below  gronnd,  as  lime,  coals,  clay,  and  metals^  are  the 
property  of  A.  B.,  and  may  be  used  by  him  at  any  time  on  allowing  to 
0,  D.  the  valued  arbitration  of  the  damage  done  to  the  surface  by  the 
operations  of  mining.  A.  B.  has  the  liberty  of  shooting  and  fishing  over 
the  grounds  thiL?  let  (in  the  proper  seasons,)  and  by  other  persons  to  whom 
he  may  give  the  permission.  A.  B.  re&tricta  the  quantity  of  game  as  not 
to  ^^sihly  damage  the  farmer's  crops. 

A.  B.  engages  to  uphold  and  maintain  in  proper  condition,  all  the  fences 
of  plantations  which  are  now  formed,  or  may  be  afterwards  made,  and 
also  to  give  to  0.  D.  at  the  place  of  manu£uitnre,  the  raw  materials,  as 
felled  timber,  lime,  bricks^  and  stones,  that  may  be  required  during  the 
currency  of  the  lease  for  the  purpose  of  repairing  the  partial 
obiii^tions.  ^Q^j^yg    ^Yie  farm  buildings,  gates,  and  fences. 

On  the  other  hand,  0.  D.  binds  and  obliges  himself,  hie  heirs,  and 

assignees,  to  give  for  the  use  of  said  lands,  the  yearly  amotmt  of  £  

in  money  ;  and  to  be  paid  to  A.  B.,  in  equal  halves  of  half-yearly  payments, 
the  first  being  at  the  expiry  of  six  months  after  the  term  of  entry,  and  to 
continue  at  the  end  of  every  six  months  for  the  term  of  the  lease  ;  C.  D. 
agrees  to  pay  to  the  outgoing  tenant  the  value  of  ploughing  in  the  winter 
furrow  the  lands  intended  to  be  fallowed  during  smnmer,  which  will  be 
fixed  by  referees,  according  to  the  price  of  bbour  in  the  district  He 
also  agrees  to  buy  from  the  outgoing  tenant,  the  whole  standing  cropa  of 
grain  in  the  beginning  of  maturity,  which  will  be  valued  by  two  persons 
p^yi^,  mutually  chosen,  with  an  umpire  whose  decision  shall  be  finaL 
He  also  pays  to  the  outgoing  tenant  the  price  of  the  grass  seeds 
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ihai  wete  sown  the  spring  before  tia  entry,  and  of  the  attendant  labour. 
He  pays  the  unexpired  value  of  aiudliaiy  maaiiTeB,  as  bones  and  guano, 
but  nothing  for  farm-yard  dung. 

0.  D.  engages  that  during  the  currency  of  the  lease,  the  aiable  lands 
ehall  be  enltivsted  by  the  most  approved  rules  of  husbandry,  with  the  ob- 
serranoe  of  the  following  special  oonditioiiB.  Two  crops  of  grain  shall  not 
be  grown  on  the  same  lands  in  two  saccessiTe  years,  and  no  grass  lands 
shall  he  mown  twice  for  hay  in  the  same  year;  one  fourth,  one  fifth,  or 
one  sizth  part  of  the  lands  shall  he  in  fallow  preparation  yearly,  according 
as  the  conrsc  of  four,  five,  or  six  years,  be  adopted  as  the  rotation  of  crop- 
ping, and  the  same  quantity  will  be  left  in  the  last  year  of  the  lease.  C.  D. 
acceptH  the  present  condition  of  the  farm  huildings,  fences,  gates, and roads, 
and  engages  to  uphold  them  all  in  proper  order  thronghout  the  lease,  and 
to  leave  the  same  condition  of  these  appendftgee  at  the  termination  of  his 
tenure :  he  engages  not  to  feU  any  timber,  or  growing  trees,  and  ^^^^^^^^ 
not  to  shoot  or  destroy  any  game  animals,  except  by  the  express 
permission  of  the  landlord.  In  the  case  of  draining  wet  lands,  0.  B.  agrees 
to  perform  all  carriage  work  that  may  he  required,  and  to  pay  5.<t.  on  acre 
for  the  drained  grounds,  along  with  the  rent  in  half-yearly  payments. 
Aud  also  tlic  earr^atce  work  for  any  nf^w  huildiugs  that  may  he  agreed  to 
have  erected  duiiiig  the  lease  by  a  spccuil  agreement :  C.  D.  engageb  not 
to  sublet  auy  part  of  the  lands  that  are  in  his  temporary  occupation,  and 
designates  as  his  soooessor  in  the  lease,  the  eldest  eon  [or  any  other  son,]  who 
may  be  trained  to  the  business ;  and  in  case  of  accident  or  non-acoeptance 
in  any  case,  the  lease  to  be  assignable  with  the  consent  of  the  landlord. 

If  0.  B.  quits  the  farm  at  the  specified  termmation  on  1st  of  IVIay, 
18 — ,  he  engages  to  quit  Ihc  possession  at  that  date  without  any  legal 
notice  or  warning  whatever.    He  leaves,  as  he  received  at  the  entry,  the 
remaining  straw  and  dimg  in  the  yards  during  wiuter,  to  the  ^^^^^ 
incoming  tenant  free  of  any  charge — he  will  be  paid  for  unexpired 
value  of  manures  as  he  did  on  entry;  for  winter  ploughing  the  fidlow 
lands,  and  for  the  grass  seeds  of  the  foregoing  spring.   His  grain  crops 
will  be  valued  before  maturity,  and  the  amount  paid  to  hun  by  the  in- 
coming tenant  He  gives  stable  room  to  two  pair  of  horses,  after  1st  of 
January,  as  he  receiyed  on  entering. 

Signed  this  day  of  >  18—. 

Witnessee,      {      ^  ^ 

The  chief  attention  in  the  form  of  a  lease,  is  simplicity  and  condseness, 
avoiding  all  multiplicity  and  complexity  of  detail,  and  maHng  the  con- 
ception of  it  to  be  ready  to  any  understanding,  and  the  perfonnanoe  easy 
to  every  knowledge  of  execution.  The  above  mode  of  entry  and  arrange- 
ments renders  almost  imperceptible  any  change  in  the  tenancy  of  the  land, 
and  approaches  to  the  much  desired  perpetuity  of  occupation.  Such  a 
holding,  or  the  nearest  poBsible  similarity  to  it,  ia  required  for  g^MUltiat 
the  benefit  of  the  property,  and  of  all  parties  concerned.  The 
granting  of  Buoh  a  thing  becomes  a  pleasure,  and  the  acceptance  of  it,  a 
tribute  of  willing  respect. 
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CULTIVATION  OF  LAJSTD,  Am>  BOTATION  OF  CEOPa 

Ovttiiviioii  OoLTivATTON  18  the  art  of  tilling,  pTeparing,  and  improving  the 
*«*^  Boil  by  aieans  of  labour  and  manure^  so  as  to  render  it  in  a  fit 
OOnditioii  for  afibrdiiig  plentiful  crops,  according  to  the  nature  of  the  cli- 
mate, situation,  and  other  circumstances  in  which  it  is  placed.  It  includes 
tillage,  in  all  its  branches,  in  the  cultivation  of  arable  landa ;  the  application 
of  manures  on  the  prepared  grounds;  the  use,  sowing,  and  reaping  of 
particular  crops ;  and  the  management  of  grass  lands.  But  it  is  more  p«r« 
ticnlnrly  applied  to  the  preparation  of  the  soil  by  the  implements  of  culture, 
which  fits  the  ground  to  receive  the  seeds,  and  ^odoce  the  respecttve  crope. 
The  working  of  land  by  the  implements  and  manual  labour,  along  with 
the  kinds  and  order  of  plants  which  are  used  for  crops,  will  sufficiently 
notice* to b«  comprehend  tlic  sphere  of  cultivation,  accompanied  by  a  notice 
of  the  mode  of  applying  the  Bpedal  manures  for  the  different 
plants  that  are  used. 

In  the  present  state  of  agricaltural  practice,  the  operations  of  cultivation 
begin  after  the  harvest  of  the  year  has  been  finished,  with  the  view  of 
the  next  year's  preparations.  In  Britain,  tiie  crops  are  secured  in  the 
months  of  AugD^  and  September,  and  protracted  into  October  in  the  nor- 
them  parts  of  the  kingdom.  The  change  of  season,  and  the  autumnal 
rains  will  have  softened  the  land  into  a  plonghahlc  condition  by  the  month 
Wintex  November,  when  the  stubble  grounds,  for  the  fallows  of  next 

••"■•^^  year,  are  ploughed  with  furrow  of  seven  or  eight  inches  in  depth. 
The  power  of  two  horses  will  suffice  for  the  light  lands  of  all  kinds; 
three  will  be  necessary  for  heavy  siafP  loams,  and  four  are  required  to 
plough  the  obdurate  days,  as  the  plastic  and  London  formations.  The 
three  horses  are  yoked  on  the  principle  of  the  steelyard;  two  animab 
waUc  in  the  farrow  in  tandem,  the  foremost  drawing  from  the  back  shoul- 
der of  the  hind  one,  by  the  common  chains,  lengthened  by  the  stretcher 
chains  of  the  two-horse  cart ;  the  third  horse  walks  on  the  unploughcd 
land,  and  is  made  equil  to  the  two  in  the  furrow,  by  being  yoked  to  the 
long  end  of  the  luaLu-tree  of  draught,  which  gives  an  advantage  of  the 
power  of  an  animal  by  means  of  the  point  of  centre  being  one  £90t  removed 
to  the  end  by  which  the  two  horses  are  attached.  A  lad  is  required  to 
drive  the  animals,  which  form  a  very  strong  team  for  ploughing.  Four 
horses  in  a  plough  are  yoked  as  the  two  in  the  farrow,  as  above-mentioiied, 
and  are  driven  1^  a  lad,  or  stout  boy.  It  is  essentifd  that  tilie  winter 
ploughing  of  land  be  deeply  done,  in  order  to  afford  abnndfinee  of  loose 
soil  for  the  operations  of  the  next  summer  and  spring*   An  early  and  deep 
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winter  ploughing  prodnoes  a  tflth,  and  imparts  a  meUownees  to  the  soil, 
which  late  ploughed  lands  never  acquire,  and  is  never  to  be  obladned  hy 

any  suhpequent  workings  of  the  ground.  The  condition  remains  doddy, 
rough,  and  clammy;  and  the  soil  never  falls  from  the  implements,  till  the 
approach  of  autumn  weakens  the  adhesion  of  the  particles  by  diminishing 
the  contraction  of  the  clayey  constituents.  With  sands  and  light  loams, 
the  matter  is  not  bo  very  great,  but  sll  lands  are  better  in  being  early 
ploughed,  in  November,  December,  and  not  extending  far  into  January. 
Turnip  lands  are  ploughed  in  breadths  of  many  yards,  as  the  Modes  or 
soU  is  dry,  and  no  attention  is  required  to  the  direction  of  the  i^>>u<: 
Bor&ce  water.  But  day  lands  that  are  summer  fallowed  for  wheat,  are  laid 
into  ridges  of  four  to  eight  yards,  and  the  farrows  are  cleanly  opened  that 
the  water  may  freely  escape.  The  ridg^  may  he  cleaved  by  €he  ploughing, 
or  cast  in  two  or  four  together :  in  cither  way  the  farrows  are  kept  open 
and  cleaned  out  hj  the  plough.  This  method  retains  the  furrows  in  the 
present  position  and  form,  and  is  called  casting  to  the  gore  furrow;  two 
ridges  are  gathered,  and  two  are  cleaved,  and  makes  a  work  of  much  neat- 
ness. When  the  ridges  are  high  in  the  middle,  each  single  one  may  be 
cleaved  oat  in  the  winter  ploughing — the  aocomalation  of  soil  in  the  centre 
is  exposed  to  the  atmosphere,  and  the  gathering  of  the  ridge  is  &cilit«ted 
for  being  sown  with  the  seeds  in  antomn.  Where  the  whole  field  is 
plonghed,  the  headlands  mast  he  cleared;  and  the  inside  furrow,  whidi 
receives  the  water  from  the  longitudinal  farrows  of  the  field,  most  be  deeply 
and  cleanly  drawn  by  the  plough,  in  order  that  the  water  may  quickly 
escape,  which  requires  a  cut  made  by  the  spade  from  the  ends  of  the  fur- 
row into  the  side  ditch  of  the  field.  Headlands  sliould  not  be  under  six 
yards  in  [width,  in  order  to  give  ample  room  to  the  ploughs  in  turning, 
and  to  avoid  the  land  being  trampled  by  the  horses  after  it  is  ploughed,  a 
most  mipardonable  blonder  in  the  art  of  ploughing,  besides  the  damage 
done  to  the  land  by  the  prints  of  the  feet  of  the  animals  holding  water 
daring  winter,  and  stsrving  the  roots  of  the  wheat  plants.  It  is  a  role 
in  the  managemont  of  clay-lands,  that  no  hollow  or  stoppage  -nttTumim 
be  allowed  in  which  water  can  lodge,  bat  that  the  furrows  are 
clean  of  earths  or  clods,  and  that  the  corners  of  the  fields  have  open  cuts 
made  by  the  spade  from  the  furrow?  into  the  land  ditches.  In  the  plough- 
ing of  all  lands,  and  more  especially  of  clay  soils,  honest  work  must  be  done, 
orthe  furrows  must  he  cleanly  moved  from  below,  laid  at  the  same  height, 
and  be  of  a  uniform  width  and  depth.  No  unmoved  land,  or  "  rafters,** 
mnst  remain  between  the  furrows,  nor  any  flat  position,  nor  the  standing 
(m  edge  of  the  slices  from  the  ploogh.  The  e^E^  of  the  fiirrow  that  is 
oat  by  the  coolter  and  share  most  be  placed  quite  perpendicular,  and  the 
same  position  must  be  preserved  thronghoat  the  whole  work. 

The  average  of  spring  seasons  will  mostly  permit  the  second  sptiag 
tflth  of  winter  plooghed  lands  to  be  done  in  the  end  of  March,  i>»o««W. 
or  during  the  month  of  April.  The  ploughing  is  performed  at  rightangles 
to  the  first  furrow,  or  straight  across  the  field;  in  some  cases  the  ridges  are 
singly  cloven  by  the  spring  ploughing,  but  it  is  inferior  to  a  cross  ploogh- 
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ing  in  e^fectbg  the  required  paipoee.  In  croes  plonghhig  ehy  bcSIb,  it  is 
eBsentlally  necessary  that  narrow  furrows  be  used,  in  order  that  tlie  land 
be  completely  stirred,  and  none  be  left  unTOOved  between  tlio  furrows. 
The  furrow  must  be  to  the  depth,  or  even  deeper  thnn  the  wintt  r  plough- 
ing, that  abundance  of  soil  be  raised  for  the  future  operations,  it  the  land 
be  very  wet,  the  1  arrows  must  he  opened  by  the  longitudinal  operation  of 
the  oommon  plough,  after  the  cross  ploughing  is  finished.  In  some  places 
the  cross  ploughing  of  wet  days  is  never  done,  but  the  lands  are  wholly 
tilled  by  ploughing  longitudinally,  from  dread  of  heavy  deluges  of  rain, 
inundating  the  land  when  all  the  furrows  for  the  discharge  of  tiie  water  are 
Bert  eroM.  choked  up.  The  working  of  the  land  is  not  so  complete  as  by 
^        cross  ploughing,  but  the  ^temative  is  preferred. 

Previous  to  the  cross-ploughing  being  commenced,  a  pkilful  plongbman 
is  sent  on  a  day  or  two  previous,  for  the  purpose  of  dravring  straight  far- 
rows across  the  field  at  the  distance  of  twenty  to  thirty  yards  from  the 
continuous  diviaious.  These  furrows  serve  as  marl<^  to  the  ploughs  wlien 
the  work  is  begun,  and  no  time  is  lost  by  looking  for  directions  to  the  pro- 
cess. The  marking  plough  goes  and  returns  in  the  same  furrow,  and  throws 
out  an  open  space  in  which  the  ploughing  begins,  and  maintains  a  level 
woric  on  the  snr&ce  of  the  ground.  The  two  furrows  of  the  commence- 
ment of  cross  ploughing  are  laid  together  as  a  turnip  drill,  which  is  readily 
done  in  the  widely  opened  mark  by  the  plough — a  narrow  comb  thrown  up 
at  the  commencement  of  any  ploughing,  forms  a  blot  on  any  pretensions 
to  sic  III  in  the  art.  The  open  furrows  made  in  the  spaces  of  cross  ploughing 
by  the  termination  of  the  work,  are  to  be  filled  up  by  ploughing  in  reverBc 
for  tliree  or  four  turns  of  the  plough.  This  reversal  prevents  any  opening 
to  remain  after  the  land  is  harrowed  and  rolled. 

Huivwins  ^^^'^  weather  will  direct  the 

and  Kdiiiig.  application  of  the  harrows  or  of  the  roll,  in  the  first  use  of  the 
implements.  In  dry  seasons,  and  on  hard  viscous  days,  the  harrows  will 
be  unable  to  make  any  impression,  and  the  roll  must  be  used,  even  if  four 
horses  are  required  to  draw  it.  But  the  cost  must  not  prevent  the  most 
important  purpose  of  redudng  to  dust,  during  dry  weather,  the  hard^ied 
clods  of  day,  and  the  masses  of  soil  that  are  often  produced  by  cross 
ploughing.  On  soft  clays,  and  in  moist  seasons,  the  barrows  may  be 
immediately  applied,  when,  w"ith  the  intervening  as3i5tancc  of  the  roll, 
tbe  land  will  be  reduced  and  pulverized,  and  weeds  will  be  extracted. 
ThefinC  ^^^^  weeds  and  stones  that  this  first  operation  ia  capable  of 
«p«^ton*  eradicating  must  be  without  delay  gathered  by  hand,  and 
carried  away  from  the  fidd.  Little  dday  must  occur  in  performing  these 
operations.  In  mild  showery  seasons,  the  weeds  will  quickly  revive  and 
show  a  green  appearance,  of  which  no  vestige  must  be  allowed  during 
the  process  of  the  arable  cultivation  of  land.  The  last  harrowing  of 
the  land  and  the  picking  of  the  weeds  may  go  on  simultaneously, 
and  be  nearly  finished  together.  The  farm  sboubl  possess  a  suf- 
ficient quantity  of  strength  to  enable  the  furtherance  in  conjunction 
of  the  processes  of  action  that  are  nearly  allied  in  the  performance; 
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the  close  comieciiou  mmt  be  studied,  and  the  regulations  correspond- 
ingly adapted. 

In  the  end  of  May,  or  in  the  first  part  of  Ihe  month  of  Jone,  gubimiait 
the  land  ia  again  ploughed,  and  done  longitudinally,  in  casting 
together  two  or  four  ridges,  and  keeping  open  the  furrows  as  the  ploughing 
is  performed.  The  aur&ce  is  immediately  harrowed,  rolled,  and  harrowed 
aj^ain,  and  the  weeds  and  stones  are  gathered  by  hand  and  removed  irom 
the  field.  This  operation  constitutes  tlie  second  cleansing  process,  and 
puts  the  land  into  a  good  cultivated  state.  \^"lieu  the  suil  is  a  friable  clay, 
and  not  excessively  hard  and  ttubborn,  the  above  ploughing  may  be 
deferred  for  a  time,  in  order  to  make  the  next  furrow  be  the  bed  of  the 
dung  and  lime.  But  where  weeds  abound,  or  the  land  is  very  stiff  and 
viscous,  another  ploughing  is  ^ven  in  the  end  of  July,  when  the  ground 
is  harrowed,  rolled,  and  harrowed,  and  cleaned  of  stones  and  weeds  as 
before.  This  fbrrow  reverses  the  last  ploughing  by  throwing  the  ridges 
in  the  contrary  direction.  The  land  will  now  be  ready  to  re-  xise  of  lime 
ceive  the  lime,  if  any  be  applied,  which  is  carried  to  the  field  "•  ""'^  '• 
in  hot  cinders,  and  laid  on  the  ground  in  heaps  ot  one  to  two  bushels  on 
a  square  perch,  or  a  apace  of  six  yards  1»y  five.  The  quantity  used  on  an 
acre  will  regulate  the  size  of  the  heaps,  but  one  to  two  bushels  is  the 
common  average.  A  man  with  a  shovel  must  be  employed  to  lay  the 
heaps  in  a  neat  form,  and  cover  them  with  earth,  the  moisture  of  which 
will  gradually  reduce  the  cinders  to  powder.  When  this  reduction  is 
effected,  the  whole  of  the  heaps  must  be  regularly  and  evenly  spread  otot 
the  surfisKM  of  the  land,  and  immediately  covered  by  a  double  tine  of 
hurrowing.  The  process  of  spreading  and  of  harrowing  the  iime  ruuat  go 
on  together,  by  a  cond)ined  arrangement,  as  a  high  wind  will  blow  away 
the  lime  if  left  spread  aud  uncovered. 

Another  method  lays  Uie  cinders  of  lime  in  a  longitudinal  ati'Hhfr 
heap  on  the  headland  of  the  field  where  it  is  slowly  turned 
over,  and  at  the  same  tune  dissolved  into  powder  by  the  ai^lication  of 
water ;  in  this  powdered  state  it  is  carried  to  the  field,  and  spread  from 
the  carts  with  shovels,  in  the  space  of  one  ridge,  with  the  cart  moving 
along  the  centre.    The  quantity  applied  must  be  regulated  by  the  eye  of 
the  master  in  the  thickness  of  the  strewing  on  the  ground.    A  new 
method  directs  the  hot  cinders  to  be  scattered  over  the  ground, 
and  covered  bv  the  ploughins',  when  the  nioiKture  in  the  soil  th«tu>t 
win  dissolve  the  shells,  and  the  land  will  derive  much  benefit 
by  the  damp  exhalationB  of  heat  that  are  evdved  during  ih&  dissolution 
of  the  cinders.  As  the  powder  will  lie  underground  in  lumps,  a  fdture 
working  of  the  land  must  be  understood  in  order  to  spread  abroad  the 
lime  that  is  dissolved,  and  in  at  least  two  operations  done  lengthwise  and 
across  the  field.   This  necessity  demands  an  earlier  application  of  the 
lime  during  the  second  stirring  of  the  land  in  the  month  of  June.  When 
thf  application  is  properly  done  at  this  period  of  the  year,  and  the  Bubse- 
quent  workings  of  the  land  are  seen  to  spread  the  powdered  lime  in  the 
soil,  this  mode  of  applying  calcareous  manure  must  be  very  superior 
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to  any  oilier,  as  the  cabric  evolved  by  the  hot  dndeta  during  the  diBm- 
lution  will  penetrate  the  body  of  day,  aimder  the  particlee^  break  the 

texture,  and  pnlvenbe  the  whole  mass.   Tt  will  also  impart  to  the  ground  * 
&  higher  degree  of  temperature  than  it  before  enjoyed,  which  is  the  mode 
by  which  lime  comrnxmicates  any  benefit  to  the  land. 
^.  ^  So  aoon  as  the  proceas  of  liming  is  performed,  tlie  dunging 

appiitid  in  of  tlie  land  may  commence.  The  heap  of  dung  may  be  in  the 
field,  having  been  carted  to  it  during  winter,  or  it  may  be  at 
the  homestead,  having  been  turned  over  in  the  yards.  The  dung  is  laid 
from  carta  in  amall  beape  on  the  ground,  and  in  a  row  along  the  single 
ridges  of  land ;  it  is  immediately  spread  evenly  over  the  snriaoe,  and 
covered  by  the  ploughing  of  tiie  ground.  The  dung  must  be  well  brdcen 
from  lumps,  and  scattered  in  small  pieces  over  the  surfiMse,  and  must  lie 
uncovered  for  as  short  time  as  possible.  Earners  who  entertain  nice 
ideas  on  the  snbject  of  evaporation  and  loss  by  exposing  dnng  on  the 
ground  to  atmospheric  influence,  appoint  a  woman  or  lad  to  follow  each 
plough,  and  with  a  Uglit  t'ork  to  throw  into  the  furrow  any  lumps  or  clods 
of  dung  that  are  pu&hed  before  tlie  plough,  and  lie  uncovered.  This 
simple  precaution  prevents  any  rough  dung  being  exposed  to  view, 
renders  the  work  more  complete,  and  is  fairly  worth  the  expense,  though 
the  principle  of  loss  by  exposure  yet  remains  to  be  proved. 

A  method  has  latdy  been  adopted  by  drilling  the  land  with  one  farrow 
of  the  common  plough,  smd  laying  the  dung  in  the  furrows.  The  plough 
makes  a  drill  }af  one  farrow  or  rut  in  going  the  length  of  the  field;  the 
dung  IB  laid  and  !?pread  along  the  hollows,  the  plough  in  returning  covers 
a  drill  of  dimg  with  one  furrow,  and  the  land  presents  the  appearance  of 
being  ridged  with  green  crops.  This  method  is  superior  to  the  broad 
cast  plan  in  covering  the  dung ;  and  drilling  the  land  is  less  work 
than  ploughing  across.  Harrowing  will  be  Tcquired  to  level  the 
drills  before  the  land  is  ploughed  for  being  sown. 

Li  ploughing  the  land  this  time,  some  attention  is  required  that  the  fcov 
rows  are  neatly  ploughed  out  as  the  season  is  advancing,  and  floods  of  rain 
may  be  expected ;  the  two  last  furrows  on  each  side  of  the  closing  being 
always  done  1^  a  plough  drawn  by  two  horses  walking  in  "  tandem/'  in 
order  that  the  horses  may  not  walk  upon  and  damage  the  ploughed  land. 
Tt  should  be  managed  by  a  skilful  ploughman,  and  the  closing  water  fur- 
row should  be  deep  and  narrow  to  suit  tho  plough  that  draws  the  furrow 
afresh  after  the  land  m  seeded.  A  wide,  tjpen,  gaping  furrow  with  flat 
sides  is  a  great  deformity  in  finished  work  :  it  is  often  seen,  but  is  not  the 
less  reprehensible  on  that  account  The  headlands  being  neatly  gathered 
up  by  the  plough,  the  outs  at  the  ends  and  comers  must  be  opened 
into  the  ditchesy  and  in  this  state  the  land  waits  the  seed  furrowing  after 
harvest* 

Sowing  «r  The  month  of  October  h  the  general  season  of  sowing  wheat 
wheat.  Britain,  when  the  land  is  neatly  ploughed  by  one  furrow  and 

the  ridges  gathered.  The  seed  is  sown  by  broad  cast  or  by  drill  machine, 
the  water  furrows  are  drawn  by  the  plough,  and  the  outs  made  by  the  spade 
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when  the  proeeas  of  cultiyatioii  is  fiiubihecl»  which  was  begtm  about  the 
aame  period  of  the  previous  year. 

A  very  consiilpraMe  part  of  the  clay  lands  in  England  are  lying  in 
ridges  of  a  crooketi  serpentine  form,  of  unequal  widths  at  the  ends,  and 
often  tcnninate  in  a  point  in  the  middle  of  the  field.  The  working  of  the 
land  in  consequence  becomes  very  awkwaxd  j  and  many  attempts  have  been 
made  to  etraighten  the  ridges,  and  in  some  cases  successfnUy,  from  the 
ridges  not  being  very  high  nor  very  crooked,  but  in  many  attempts  with 
▼ery  great  damage,  ftcm  the  contrary  drcomatances  of  height  and  shape. 
By  reason  of  the  long  continued  gathering  of  the  ridges  in  the  olden  mode 
of  cultivation,  the  subsoil  has  become  convex  as  well  as  the  upper  soil,  and 
when  a  newly  made  ridge  took  a  slanting  or  crossing  direction  over  these 
convexities,  the  water  lodged  in  the  hollows,  and  reduced  the  fuU  half  of 
the  land  to  a  state  of  mortar :  much  loss  was  in  many  cases  sua-  q^oq^ 
tained,  and  the  failures  had  the  usual  effect  of  deterring  other  rid^i^niate 
attempts  where  the  same  obstacles  did  uot  exist.  It  has  been 
recommended  to  make  a  complete  alteration  at  once  1^  a  levelling  with 
the  spade,  removing  the  too  high  subsoil  to  the  lower  places  and  then  re- 
placing the  top  soil ;  but  this  ezpmse  would  in  many  cases  exceed  the 
value  of  the  land,  and  has  been  little  used.  When  the  ridges  are  not  very 
high  nor  very  crooked,  the  alteration  is  easily  effected  by  the  plough,  and 
the  harrows  filling  np  the  hollow  places ;  and  in  extreme  cases  a  very  safe 
method  consists  in  making  with  the  plough  a  narrow  ridge  of  four  or  si^ 
feet  in  width  in  the  old  deep  furrows,  and  increasing  it  in  breadth  every 
following  course  of  fallowing  till  it  rises  and  fills  the  hollows,  and  levels 
the  Mgh  ridges,  when  the  new  ridges  may  be  diawn  as  nearly  as  possible 
in  the  direction  of  the  old  ones,  and  then  the  water  will  obtain  a  gradual 
flow.  This  method  may  be  re<dconed  slow,  but  it  is  the  safest  and  most 
convenient  yet  pract3se(3^  being  wholly  done  by  the  common  plough. 

Turnips  may  be  raised  on  any  clay  soils  in  the  following  way.  Tandpt  ca 
The  land  may  be  wrought  in  the  usual  method  into  July  by  ^i^*- 
three  plonghings  and  harrowings,  when  the  dung  is  applied  in  broad  cast, 
and  the  ridges  are  gathered  by  the  ploughing.  The  surface  is  harrowed 
to  the  utmost  possible  fineness  of  tilth,  when  the  turnip  seed  is  sown  in 
broadcast,  or  by  a  drill  with  long  eoulters  which  make  ruts  in  the  ground, 
and  form  the  crop  into  rows.  The  hoeing  of  the  turnips  is  done  ia  the 
usual  way.  It  is  supposed  that  day  lands  will  produce  turnips  by  this 
tieatment,  or  some  similar  cultivation.  The  turnips  grown  on  lands 
pared  and  burned  without  being  ploughed,  show  that  the  root  of  the 
plant  does  not  require  a  finely  reduced  body  of  soQ,  provided  the  sur&oe 
b  pulverii^d  to  the  degree  that  induces  the  early  vegetation  and  growth 
of  the  tender  plant.  The  encouragement  that  is  given  on  the  surface  of 
the  ground  seems  to  secure  the  growth  of  the  plant. 

Green  crop  lands  re()uire  the  same  early  ploughing  in  winter  as  clay 
soils,  in  the  months  of  November,  December,  and  January.    The  furrow 
must  be  round  in  form  and  square  in  the  cut,  and  to  the  depth  Tamip 
of  seven  or  eight  indies  where  the  soil  will  possibly  allow.  Stiif 
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lottDiB  may  require  the  power  of  three  honee  to  more  die  required  depth 
of  BoiL  The  average  of  seasoiis  uanally  allows  the  second  ploughing  or 
the  crofls  farrow  to  he  done  in  the  end  of  March^  or  early  in  April,  when 
the  farrow  BHcea  mnat  he  narrow,  eo  as  to  leave  no  nnmoved  ground  he^ 
twixt  the  motions  of  the  plough,  and  that  the  earth  turned  over  may  not 
lie  in  very  large  massee.  A  day  or  two  previous  to  the  ploughing  being 
commenced,  a  skilful  ploughman  is  sent  witli  polea  to  mark  out  the  field 
into  spaces  of  twenty  to  thirty  yards,  'which  are  made  by  a  furrow  of  the 
common  plough,  moving  twice  in  the  mark  that  is  made.  Thib  provision 
Working  of  affords  a  ready  beginning  of  work,  when  a  number  of  ploughs 

are  sent  to  the  field.  When  the  spaces  of  ground  are  finished 
in  the  ploughing,  the  open  furrows  are  filled  to  the  level  of  the  surfiue  hy 
the  furrows  being  reversed  on  each  side  in  the  extent  of  two  or  three 
yards.  The  harrowing  is  immediately  done  and  repeated  till  the  clods  of 
land  pass  between  the  teeth  of  the  harrows  without  being  broken,  the  roll 
follows  in  one  application,  and  the  harrows  are  again  used  to  tear  the 
weeds  and  pulverize  the  squeezed  clods.  The  three  processes  in  the  first 
harrowing,  the  rolling,  and  the  second  harrowing,  may  proceed  together; 
and  the  hand-picking  of  stones  and  w  eeds  can  also  accompany  the  opera- 
tions. These  nuisances  are  removed  from  the  fields  by  carts  very  soon 
after  being  gathered  into  heapa.  The  next  ploughing  is  done  lengthwise, 
and  in  breadths  of  about  thir^  yards  as  before,  and  will  be  finished  by  the 
end  of  April.  The  same  rolling  and  harrowing^  and  picking  of  stones  and 
weeds  are  done  as  before,  when  the  state  of  the  land  will  show  if  the  soil 
be  fitted  to  be  planted  with  potatoes ;  if  not,  another  ploughing  must  be 

given  without  delay.  The  potato  ground  should  be  ready  in 
Potatoes.  third  week  of  April,  when  the  land  is  opened  into  drills  of 
thirty  inches  apart  by  one  deep  farrow  of  the  common  plough.  The  half- 
rotted  dung  of  the  farm  yards  is  placed  in  the  intervals,  and  evenly  spread 
along  by  light  forks  in  the  Lauds  of  women  and  lads,  who  arc  super- 
intended by  a  trustworthy  man  of  the  farm.  The  seta  of  potatoes  fresh 
cut  are  carefully  placed  by  hand  over  the  dung  at  the  distance  of  eight  or 
nine  inches  apart,  and  pressed  into  the  position  hy  the  foot  of  the  person 
that  deposits  the  sets  of  the  phmt  The  plough  follows  and  splits  the 
drills,  throwing  a  heavy  furrow  to  the  right  hand  over  the  dung,  and  in 
returning  along  the  opposite  side  throws  mother  furrow  of  fresh  earth  over 
the  last  moitioned,  by  which  the  dung  is  deeply  covered  with  the  loose 
soil  of  the  ground.  A  light  roll  passes  along  the  finished  drills  and  levels 
the  narrow  tops,  by  wlnV>h  a  uniform  appearance  ia  secured  of  the  young 
plants,  and  it  ends  the  planting  of  potatoes. 

In  the  second  w-eek  of  May.  the  land  intended  to  be  sown  with 

beet-root  is  raised  into  drills  of  twenty -eight  inches  apart;  the 
half-rotted  fama  yard  dung  is  spread  evenly  along  the  fiirrows,  the  driUa 
are  split  and  reversed  by  the  plough,  the  seeds  are  inserted  by  dibble  on 
the  tope  at  the  distances  of  four  to  six  inches,  and  a  light  rolling  finishea 
the  process.  Double  drill  machines  are  now  fitted  with  large  cups  and 
proper  barrels  to  deposit  the  seeds  of  beet-root  along  the  drills,  and  in  both 
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VTsyp.  fi  rolling  of  the  tops  miut  follow.   It  excludes  drought  and  retains 

moisture. 

Tlie  sowing  of  Swedish  turnips  follows  the  planting  of  beet-root,  luid  is 
done  in  the  ways  that  liave  been  described,  the  seed  being  sown  along  the 
tops  of  the  dxills  hy  a  machine  of  two  rows,  drawn  by  a  horse  and  directed 
by  a  man.  The  land  to  be  sown  with  common  turnips  in  Jane,  swmoi 
receives  the  last  ploughing  after  the  potatoes,  and  beet-root  are 
planted,  being  deferred  till  these  operations  have  been  finished.  During 
that  monl^  turnips  are  sown  with  farm  yard  dnng,  as  has  been  de- 
scribed, and  with  bones  and  guano,  and  other  auxiliary  manuTes  hy  the 
drop  drill,  which  deposits  at  fixed  distances  the  manure  and  Bced  in  mix- 
ture. The  seed  is  sown  over  the  farm  yard  dung  by  the  two  drill 
implements. 

In  all  these  operations  of  forming  and  reversing  drills  with  the  common 
plough,  the  main  tree  of  draught  is  five  feet  in  length,  which  stretches 
over  the  breadth  of  two  drills,  and  allows  the  borses  to  walk  widely,  and 
gives  the  ploughman  a  necessary  sight  of  the  forward  objects.  In  reversing 

the  drills  to  cover  the  dung,  the  left-band  horse  walks  in  the  furrow  of  the 
last  split  drill,  and  the  horse  on  the  right  hand  travels  on  the  top  of  the 
unmoved  riddel et,  while  the  plough  splits  the  intervening  drill,  and  throws 
a  furrow  of  earth  over  the  dung.    By  this  method,  the  dung  in  ^„.^  ^ 
the  drills  is  not  disturbed  by  the  feet  of  the  horses  as  when  the  •Ug"«« 
animals  walk  in  the  intervals,  and  the  advantage  is  very  useM 
in  not  treading  on  the  sets  of  potatoes  which  are  placed  upon  the  dung. 
The  common  plough  is  more  beneficial  in  making  drills  than  the  imple- 
ment with  two  mould  boards.  The  narrow-pointed  share  penetrates  deeper 
and  raises  more  fresh  earth  than  the  feathered  share  of  the  latter  tool,  of 
whie.b  thfi  bottora  part  of  the  two  mould  boards  constantly  heaves  the 
plough  upwards,  and  dispossesses  the  hold  of  the  ground. 

When  lime  is  applied  on  the  green  crop  fallows,  the  pulverized  material 
is  spread  over  the  ground  before  the  land  is  didlled,  in  the  way  aa  de- 
scribed for  wheat  fallows,  or  the  hot  cinders  are  ploughed  into  the  land, 
which  undergoes  one  or  two  subsequent  workings  in  order  to  mix  and  dis- 
seminate the  reduced  calcareous  substance  in  die  ground.  In 
either  way,  the  lime  must  come  into  contact  with  the  soil, 
when  the  former  is  in  the  hottest  state  that  is  possible. 

Tnmip  soils  are  very  effectually  and  economically  brought  to  readiness 
by  fho  workings  of  Finlayson's  harrow,  or  a  eimilar  grubber.  The  first 
ploughing  of  the  land  is  done  in  earlj^  \\4nter  to  the  depth  of  seven  or 
eight  inehes,  whieh  iiffords  plenty  of  loose  soil  for  the  future  operations  of 
the  grubber.  The  spring  working  is  done  across  the  plough  furrow,  and 
repeated  in  contrary  directions  till  the  proper  tilth  is  produced.  In  the 
intervals  between  the  operations  of  the  grubber,  the  weeds  and  stones  are 
removed  by  means  of  the  action  of  the  harrow  and  the  roll.  The  circular 
tines  o  ""  fl  grubber  drag  the  weeds  to  the  sur&oe,  and  does  not  Grui  i  er 
expose  the  land  to  drought  as  by  the  ploughing  of  the  ground.  ^'>'^"'s- 
The  soil  is  stirred  and  pulverized  by  the  repeated  action  of  the  imple- 
3k 
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meots,  and  the  nunBtnro  Is  pxeserved  liy  reason  of  die  land  not  being 
turned  up.   It  promisee  to  be  a  very  great  improrement  in  the  workiiig 

of  turnip  lands. 

It  may  not  be  improper  to  conclude  the  notice  of  cultivation  of  land  with 
Art  of        a  few  obBervations  on  the  art  of  ploughing.    The  first  and  most 
piuughing     importiint  thing  to     attended  to  by  the  ploughman,  is  the  pro- 
per adjustment  of  the  implemeut  by  means  of  the  coulter  and  share.  If 
these  parts  of  the  plough  be  not  properly  set  with  a  due  inclination  to  the 
land  sideways,  and  to  the  earth  downwards,  the  implement  will  never 
move  sweetly  nor  easily,  it  will  he  ever  inclining  to  one  side  or  the  other, 
go  too  deep  or  too  light,  increase  the  friction,  and  distress  the  animals, 
and  perform  the  work  in  a  rough  and  unsightly  manner.   This  nicety  of 
adjustment  shows  the  skill  of  the  ploughman  :  for,  if  well  managed,  the 
implement  should  proceed  with  a  very  slight  touch  of  the  hand.  The 
plough  must  be  held  flat  on  the  bottom,  and  not  obliquely,  and  leave  no 
ridges  or  rafters,  or  land  unmoved  between  the  furrow^B.    The  furrow 
slices  must  be  all  cut  of  the  same  width,  and  be  laid  at  the  same  height; 
if  laid  too  flat  backwards,  or  if  the  fonow  itself  and  not  the  edge  be  per- 
pendicular,  tibie  harrows  cannot  raise  so  much  fine  mould  to  cover 
the  seed.  The  cat  made  by  the  coulter  in  the  ride  of  the  un- 
ploughed  land  must  he  as  perpendicular  as  posrible,  and  neat  and  dean. 
The  rrins  extending  from  the  bridle  of  the  home  through  an  iron  ring 
fastened  on  the  leather  backhand,  are  hdd  on  the  romided  extremities  of 
the  handles  of  the  plous^h  by  means  of  a  plaited  groove  on  the  end  of  the 
rope,  just  before  the  hands  of  the  ploughman;  and  with  well -trained  horBes 
a  plough  projjerly  adjuBted,  and  a  tolerably  skilful  ploughman,  the  use  of 
the  reins  will  seldom  be  required,  except  in  turning  the  horses  at  the  ends 
of  the  field.   The  headUnds  must  not  be  under  twenty  feet  in  width,  so  as  to 
allow  room  for  the  horses  to  turn  without  treading  on  the  ploughed  ground 
and  leaving  footmarks— a  most  unpardonable  blunder  in  the  art  of  plonk- 
ing.   The  ploughman  must  walk  with  both  feet  in  the  furrow,  and  with 
his  body  at  ease  and  erect,  apeak  seldom  to  the  horses,  and  make  no  blus* 
tering  noise.   Many  very  good  ploughmen  walk  with  one  foot  in  the 
furrow  and  the  other  on  the  unploughed  land,  but  it  rather  spoils  the 
appearance,  and  aceme  intended  to  guard  against  any  lateral  movement  of 
the  implement,  which  should  be  wholly  prevented  by  the  adjustment.  The 
TftMtiBal      horses  must  be  trained  to  walk  at  a  cerUiin  distance  of  space 
from  each  other,  in  order  that  the  ploughman  may  see  clearly 
forwards  to  rectify  any  mistake  oonunitted  in  the  preceding  furrow.  The 
horses  must  be  yoked  to  move  freely  and  easfly,  and  as  near  to  the  plough 
as  not  to  impede  the  freedom  of  step,  with  a  check  rope  extending  from 
the  indde  bridle  of  each  horse  to  the  harness  or  hadcband  of  the  other, 
in  order  to  keep  them  fairly  opposite  to  each  other.  It  is  better  when  a 
single  connection  rope  from  mouth  to  month  is  only  used ;  but  this  mode 
requiree  animals  of  a  very  uniform  temper,  and  much  attention  on  the  part 
of  the  ploughman  in  traiuiug  the  animals  to  one  rate  of  pace. 

It  is  a  very  common  opinion  that  any  person  may  be  a  ploughman,  and 
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that  the  peribnnauce  of  the  art  requires  ueitiier  pains  nor  trouble ;  but  ex- 
perience does  not  enforce  the  belief  that  the  operations  of  auy  art  whatever 
can  be  properly  performed  without  attention  and  trouble.  No  Attemioa 
doubt  some  processes  are  easier  performed  than  others,  and  some  muind. 
persons  acquire  die  mode  of  perfonning  them  easier  and  more  quickly 
than  others ;  but  that  aptitude  is  very  far  from  being  a  general  rule,  and 
forms  no  exception  to  the  labour  and  attention  that  are  universally  found 
to  be  necessary  to  eminrace  in  any  hrancli  of  l)nsiness. 

The  subject  of  fallowing  lands,  cither  for  p-rain  or  root  crops,  must  not 
be  diamifised  without  reminding  the  caltivator  that  the  proper  pt  riVii  tnauce 
of  following  oonatituteB  the  ba&ia  of  all  good  and  profitable  huabandiy ;  and 
that  if  it  be  neglected,  not  only  the  crop  immediately  sown  will  suffer,  but 
the  damage  will  extend  to  all  the  crops  of  the  rotation.  Oultivation  means 
that  nothing  grows  on  land  except  what  is  sown ;  and  though  this  degree 
of  eminence  may  never  be  attained,  as  there  ever  may  remain  a  wide  dif- 
ference between  possible  and  ideal  excellence,  yet  the  nearer  we  approach 
to  it,  the  nearer  we  approach  to  perfection.  The  constant  and  vigilant  at- 
tenUoii  of  tlie  cultivator  must  lio  incessantly  exercised  to  see  that  all  and 
every  part  of  the  operations  be  duly  and  strictly  pei-formed  in  the  pro]iei' 
season,  and  to  the  fullest  extent  that  is  required.  He  must  not  only  give 
orders  that  they  should  be  done,  but  he  must  see  that  they  are  done ;  and 
if  negligently  performed,  have  the  proc^  repeated,  till  satisfaction  itself 
be  satisfied.  True  economy  consists,  not  in  getting  things  cheaply 
done,  as  many  persons  erroneously  suppose,  but  in  getting  them  portance  «f 
well  done ;  and  the  effects  of  minute  care  are  very  great  in  in- 
creasins:  the  produce  of  land.  The  goodwill,  activity,  and  energy  of  the 
labourers  mnst  be  secured  and  incited  by  good  treatment,  which  is  seldom 
or  never  repaid  with  carclessuefeS  or  neglect  :  exceptions  do  happen,  but 
they  are  few.  The  impiements  must  be  all  of  the  first  order,  and  kept  in, 
fall  completion,  ready  when  wanted,  and  never  out  of  repair.  The  horses 
must  be  spirited  and  active,  well  fed,  and  fierce  as  lions.  The  very  best 
ploughmen  may  be  wholly  lost  with  starved  and  useless  animals;  care  is 
misapplied,  and  wages  are  lost  in  the  value.  The  mind  that  directs  must 
attract  obedience,  and  not  compel  submission— lead  his  fellow-creatures  in 
the  most  noble  of  arts,  from  which  he  and  they  reap  the  same  fruits,  and 
«q>erience  the  same  benefits. 

Rotation  of  crop.s,  or  the  order  in  which  the  several  plants  that  ^  «treto^ 
are  used  a.s  crops  are  made  to  succeed  each  other,  forms  a  branch  *»on«'««>l»- 
of  the  profession  of  agriculture,  than  which  no  other  part  requires  more 
judgment,  or  more  conspicuously  shows  the  skill  of  the  former;  nor  is  there 
any  portion  of  the  art  on  which  the  profits  of  the  cultivator  more  certainly 
depend.  The  effects  of  plants  on  the  soil  are  very  various ;  some  have  a 
t^dency  to  impoverish  it  much  more  than  others ;  some  bind  and  others 
loosen  it ;  hence  it  is  necessary  to  att^d  to  the  peculiar  nature  of  each 
plant,  and  to  examine  in  what  manner  its  culture  affects  the  soil.  By  this 
means  wc  shall  be  enabled  to  determine  in  what  order  we  ought  to  ar- 
range the  crops  one  after  another,  so  as  to  keep  the  ground  always  in 
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hearty  and  yet  to  make  it  yield  the  greatest  poBeible  prodncei  which  two  par- 
ticolars  form  the  grand  object  of  a  correct  audsyBtematio  rotation  of  crops. 
AitersattoB  Culmiferous  crops  are  such  m  have  a  smo  oth  jointed  stalk,  and 
of  ptaato.     moBtly  contain  the  seeds  in  chafify  huaks.  These,  especially  when 

tlicy  are  approacliing  tlic  ripe  ptate,  draw  their  nourishment  chiefly  from 
tlie  soil,  and  derive  hut  very  little:  frora  the  air;  thereforo,  when  they  are 
cultivated  for  seed,  whieli  is  mo.st  generally  the  case,  the  groiiud  cannot 
fail  to  be  impoverished  by  them.  On  the  conirary,  the  same  })l;uits,  when 
young  and  clothed  with  verdure,  will  derive  a  considerable  portiuu  oi  tlicir 
nourishment  from  the  atmosphere;  and,  therefore,  a  culmiferous  crop  when 
cot  green,  or  consumed  in  that  state  by  aninauds,  does  little  or  no  injury  to 
the  land.  A  crop  of  hay,  cat  before  the  seed  is  ripe,  as  it  should  be,  does 
not  much  rob  the  ground.  Leguminous  plants,  as  beans,  peas,  and  vet- 
ches, extract,  by  means  of  the  broad  spreading  leaves,  most  of  the  nourish- 
ment from  the  air,  and  none  of  these  plants  when  cut  young  injure  the 
ground,  but  if  leguminous  plants  bo  allow^ed  to  ripen  the  seed,  their  effects 
Seeded  gronnd  are  still  mueh  less  severe  than  of  culmiferous 

crops  in  a  similar  conditiou.  Other  remarkable  circuuistanees 
distinguish  those  plants.  All  the  seeds  of  culmifei'ous  plants  ripen  at  the 
same  time.  As  soon  as  they  begin  to  form,  the  plant  becomes  stationary, 
the  leaves  wither,  the  roots  cease  to  push,  and  the  plant  when  cut  down  is 
blanched  and  sapless.  The  seeds  of  a  leguminous  plant  are  formed  suc- 
cessively;  flow  erg  and  fruits  appear  at  the  same  time  in  different  parts  of 
(he  plant.  This  plant  is,  therefore,  coutiuually  growing  and  pushing  its 
rootf! ;  lience  the  valnc  of  pea  and  bean  straw  over  that  of  wheat  or  oats| 
the  latter  is  withered  and  dry  when  the  crop  is  cut,  the  former  is  green 
and  HtieeuleTit.  The  differeuce,  therefore,  with  respect  to  the  soil,  between 
a  culmiferous  and  leguiiiiuous  crop  is  very  great ;  the  latter  grow  ing  till 
cut  down,  keeps  the  ground  in  constant  motion,  and  leaves  it  to  the  plough 
L^uminoiw  ^  loooQ  and  mellow  state ;  the  former  ceases  growing  long 
v^^'  before  being  reaped,  and  the  ground  from  a  want  of  motion  be- 
comes hard  and  compact.  And  also  dew  foiling  on  a  culmiferous  crop 
after  the  ground  begins  to  harden  rests  on  the  surface,  and  is  wholly 
evaporated  by  the  next  sun.  Dews  that  fall  on  a  leguminous  crop  are 
shaded  fi  in  i  he  sun  by  the  broad  leaves  of  the  plants,  and  sink  at  leisure 
into  the  ground.  Aecordingly,  the  ground  after  a  culmiferous  crop  is  dry 
and  hard;  after  a  leguminous  ero]»  it  i^  loose,  soft,  unctuous,  and  mellow. 
Bulbous  rooted  plants,  as  turuipo,  uud  espeeially  potatoes,  are  superior  to 
any  other  in  loosening,  dividing,  and  pulverizing  the  soil :  potato  roots 
grow  generally  eight  or  ten  inches  below  the  surface ;  and  by  their  number 
and  size  they  divide  and  pulverize  the  ground  better  than  can  be  done  by 
the  plough;  and  whatever  be  the  natural  colour  of  the  soil,  it  is  black 
when  the  potato  crop  is  dug  up.  But  carrots  and  parsnips  are  superior 
even  to  potatoes  in  this  valuable  property;  for  the  tap  roots  penetrate  to 
a  depth  of  eighteen  inches  and  more,  and  divide  the  soU  in  their 
course.  Tumips  are  rather  inferior  as  the  bulb  grows  above 
the  ground ;  but  it  is  still  much  superior  to  a  euhniterous,  or  a  fibrous 
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rooted  plant.  "Red  clover  is  Bimilar  to  the  turnip  in  that  respect.  From 
the  propertiefl  liow  mentioned  which  the  plants  inherit,  culmiferous  crops 
in  a  oontinued  succession  would  render  the  soil  too  hard,  and  legnminonB 
crops  wotdd  effect  the  contrary  in  making  the  land  too  loose ;  and  hence 
the  necessity  of  making  the  one  sncoeed  the  other  in  alternation,  so  as 
to  keep  the  land  in  a  proper  state,  and  at  the  same  time  produce  the 
greatest  possible  quantity  of  each  crop. 

In  arranging  any  system  of  rotations  of  crops,  no  invsr'aWe  mlea  can 
be  sriven  which  will  prove  adapted  to  all  cases,  because  very  much  depends 
on  soil,  situation,  climate,  and  other  circumstances.  In  the  very  variable 
state  of  British  soil  and  climate,  no  very  fixed  rotations  can  be  prescribed; 
but  there  are  some  material  points  to  be  regarded  which  no  circumstances 
must  overlook.  The  crops  must  be  soited  to  the  nature  and  Arrange, 
state  of  the  lands,  and  the  cuhniferons  and  legnminous  crops 
must  be  interposed  betwixt  each  other — and  this  method  constitates 
what  is  called  the  "alternate  hnsbandry;"  but  it  has  been  found  that  the 
lighter  soils,  are  not  suited  even  for  ^temate  husbandry,  and  that  they 
reqnire  a  rest  in  a  state  of  herbage  or  grass  in  order  to  recmitthe  fertility. 
Another  general  rule  may  lie  mentioned,  that  the  same  kind  of  crop  or  plant 
must  not  be  repeated  at  loo  short  intorvals,  or  both  the  prorliinp  and  the 
quality  will  be  diminished.  And  this  experience  holds  ats  weii  in  green 
crops  as  with  the  cereal  planto. 

The  basis  of  every  rotation  must  be  held  to  be  the  summer  follows,  and 
the  follows  on  which  the  drilled  and  manured  crops  are  cultivated ;  and  the 
conclusion  of  the  course  to  be  with  the  crop  taken  in  the  year  preceding  a 
return  of  the  fallow  on  the  drilled  crops  when  the  rotation  ceases,  and  a 
new  one  commences. 

In  mentioning  rotations  of  crops  as  a  most  vital  part  of  tfi^  science  of 
agricnltnre  it  is  by  no  means  intended  to  convey  an  impression  of  the 
necessity  that  every  farmer  should  and  must  bind  himself  to  a  ^ 
slavish  routine,  but  only  to  direct  attention  to  the  study  and  con-    natwMi : 
sideration  of  that  branch  of  the  art  from  which  so  many  great  and  lasting 
benefite  have  been  found  to  proceed.  A  cultivator  proceeding  without  a  cor- 
rect knowledge,  or  some  knowledge  of  rotations,  is  not  unlike  a  ship  at  sea 
without  a  helm;  but  even  with  this  knowledge,  the  real  value  of  every 
rotation  depends,  in  a  very  great  measure,  upon  the  fidelity  shown  in 
executing  the  several  proceascs  of  labonr  that  belong  to  it ;  though,  in  the 
variable  climate  of  Britain,  no  fixed  rotation  can  be  prescribed,  yet  some 
rotations  must  be  viewed  as  more  valuable  than  others,  because  the  crops 
therein  included  may  be  most  suitable  to  the  particular  soils  on  which 
thev  are  cultivated,  or  the  produce  may  be  better  adapted  to  the  market 
demand  of  the  country,  which  must  ultimately  regulate  the  kinds  of  pro* 
duce  that  are  most  deserving  of  cultivation.  Holding  these  points  in  view, 
alternate  husbandry,  or  the  system  of  having  leguminous  and  culmiferous 
crops  to  follow  each  other,  must  be  reckoned  most  judicious  and    Mme  an 
deserving  of  commendation,  and  with  some  modifications  it  may  9""*^ 
be  practbed  on  any  soil  and  in  any  situation.   According  to  ite  rules,  th^ 
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lafid  would  rarely  get  into  a  foul  or  ezhanBted  state ;  at  least,  if  fool  and 
exhausted  under  alteinate  husbandly,  matters  would  be  mttcli  worse  if  any 

other  system  was  followed.  The  rotation  may  he  long-  or  short,  as  is 
consistent  with  the  richness  of  the  eoil  on  which  it  is  executed  and  other 
local  circiimstances.  The  crops  cultivated  may  be  of  any  of  the  varieties 
that  compose  the  two  tribes,  according  to  the  nature  oi  the  soil  aud  the 
dimate  of  tiie  district  where  the  rotatioii  is  used ;  and  where  circamstances 
render  ploughing  not  so  advantageous  as  pasturage,  the  land  may  remain 
in  grass  till  these  cireamstances  are  obviated,  care  being  always  taken 
where  it  is  broken  np,  to  follow  alternate  husbandry  during  the  time  it 
Alternate  under  tillage.  In  this  way,  it  is  perfectly  practicable  to 
'f**^  follow  the  alternate  system  In  every  situation—nor  is  the  dr- 
cnmstance  of  the  land  being  in  grass  for  two,  three,  or  four  years,  any 
departure  froTn  that  system,  as  it  is  usually  rendered  nccesaary  by  the 
scarcity  of  manure,  poverty  of  the  soil,  the  want  or  the  distance  of  markota 
for  corn  or  other  accidental  circnmstances.  The  basis  of  every  rotation, 
as  before  observed,  is  the  bare  summer  fallow  on  day  soils,  and  the  fal- 
lows on  which  drilled  and  manured  ero|»  are  cnltiyated;  and  the 
conclusion  of  the  rotation  is  with  the  crop  tsdcen  in  the  year  preceding  a 
return  of  the  ftllow  or  green  crops,  when  of  course  a  new  rotation  commences. 

We  now  proceed  to  state  the  most  approved  rotations,  on  strong  clays, 
loams,  on  the  lighter  loams,  and  on  sands  and  peaty  soils. 

The  clay  soils  which  have  been  found  incapable  of  hein^  reduced  in 
texture  to  suit  the  cultivation  of  gjeen  crops,  may  he  divided  into  two 
kinds — the  superior  clasB,  that  produces  very  abundant  crops,  and  con- 
stitute the  greater  part  of  the  aral»le  lauds  in  some  districts;  while  the 
inferior  kinds,  which  much  abouud  lli  this  kindgdom,  yield  very  scanty 
j^^^  and  precarious  returns.  On  days  of  the  best  quality,  and 
twrt  oUv     in  situations  where  manure  is  plentiful,  a  very  favourite  rotation 

has  been:  first  year,  fallow;  second  year,  wheat;  third  year, 
dover;  fourth  year,  oats ;  fifth  year,  beans  drilled  audhoed;  sixth  year, 
wheat   Manure  may  be  applied  on  the  oat  stubble,  or  in  the  spring  with 
the  beans,  if  the  natore  of  tiie  land  will  admit.   In  the  most  favoured 
_     situations,  this  rotation  is  well  adapted  for  alternation,  and  for 

keeping  the  land  clean,  and  in  proper  tilth.  The  four  years 
course  of  1,  fallow;  2,  wheat;  ?>,  clover,  peas,  beans  or  tares  ;  4,  oats, 
is  much  esteemed  by  many  eminent  cultivators,  and  may  suit  very  well 
on  lands  of  good  qtiality,  but  tiie  recurrence  of  the  same  crop  is  too 
frequent  on  land  of  any  quality,  and  it  is  gradually  giving  way  to  a  more 
extended  rotation.  Where  the  land  is  loamy,  and  suflBdendy  mellow  to 

admit  the  growth  of  barley,  rotations  of  six  and  dght  years  have 

been  foil  1  and  they  include  a  larger  diange  of  pUnts  from 
that  drcumstance:  1,  fallow;  2,  wheat;  3,  beans,  or  peas;  4,  barley; 
5,  clover;  6,  wheat  or  oats:  or,  1,  fallow;  2,  wheat;  3,  pease;  4, 
barley ;  5,  clover ;  6,  oats.  Here  the  clover  crop  is  too  far  removed 
from  the  ^allo^vin^r  process,  which  supposes  the  land  in  the  best  state  of 
preparation  for  the  recepdon  of  the  small  and  tender  seeds  of  grasses.  A 
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Bliorter  course  is  Bometimcii  UBed :  1,  fallow ;  2,  barley ;  3,  clover ;  4, 
beans,  peuse,  or  tares ;  5,  wheat ;  and  algo  :  1,  fellow ;  2,  barley ; 
8,  pease,  beans,  or  tares ;  4,  wheat :  or,  1,  fidlow ;  %  wheat  \  8, 
pease ;  4,  oats.  These  oonraes  may  be  varied  alternately  with  clover 
in  the  third  year.  The  longer  courses  most  approvecL  are : 
1,  fallow ;  %  barley ;  3,  beams ;  4  wh^t ;  5,  tares ;  6, 
barley,  dunged  on  the  stmbMetj  f,  clover;  8,  beans;  9,  wheat:  and, 
1,  fallow;  2,  wheat;  3,  hcans :  4,  barley;  5,  clover,  duBged  ;  6,  oats; 
7,  beans ;  8,  wheat.  This  course  may  be  reduced  to  six  years,  by 
not  dunging  the  clover  ley,  ami  by  making  uata  the  last  crop  :  and 
also:  1,  fallow;  2,  barley;  ^iover;  4.  beans,  dunged;  5,  wheat;  G, 
tares;  7,  wheat;  the  two  wheat  crops  are  here  too  near  to  each  other, 
and  the  fifth  crop  may  very  well  take  the  place  of  the  second.  Another 
course  has  beox  used  as :  1,  fSUlow;  2,  wheat;  8,  beans;  4,  barley; 
5,  clover,  dunged;  6,  oats;  7,  beans,  drilled;  8,  wheat  If  the  land 
be  clean  and  in  tilth  for  clovers,  this  rotation  claims  much  merit,  and 
may  be  improved  exchanging  the  fburlh  and  second  crops  for  eadi 
other. 

The  following  conrse  possesses  much  merit,  and  joins  the  vajvaio. 
bean  and  pasturage  farming,  a  circumstance  that  is  never  met 
with,  and  whicli  would  rarely  bo  allowed,  by  the  common  ideas  of  crop- 
ping :  1st  year,  fallow,  dunged;  2,  barley;  3,  clovers;  4,  grass;  5, 
oats ;  6,  beans,  drilled  and  hoed ;  7,  wheat.  The  crops  are  well  varied, 
and  the  land  derives  the  advantage  of  a  rest  in  pasturage,  which  refreshes 
the  ground  more  efifectually  and  durably  than  any  manuring.  Lime 
may  be  applied  on  the  bean  stubbles,  and  the  winter  ploughing  of  Ihe 
fallow  will  secure  a  pulverized  surface  for  the  barley  tilth,  if  due  advan- 
tage be  taken  of  a  dry  state  of  the  land  for  sowing.  Hie  action  of  the 
lime  might  be  better  developed  if  applied  on  the  barley  or  bean  tilth,  in 
the  spring;  but  if  the  climate  and  soil  be  precarious,  they  might  prevent 
the  application.  A  better  course  can  scarcely  be  devised;  but  it  supposes 
a  loaminess  in  the  clay  to  admit  the  growth  of  barley,  which  is  wholly 
denied  by  Uie  viscous  marine  formations  of  South  Britain.  The  rotation 
originated  vrith  lUDr.  Grey,  of  Dilston,  in  Northumberland,  whose  name 
has  been  already  mentioiied  in  the  chapter  on  "  Lease."  The  land  on 
which  it  is  used  is  an  alluvial  clay  on  this  southern  bank  of  Tweed,  near 
Berwick,  and  consequently  a  fresh  water  formation.  The  idea  from 
the  very  frequent  failure  of  the  grass  seeds  when  sown  on  the  stale  sur&ce 
of  the  winter  wheats,  and  along  vrith  the  exchange  of  barley  with  the  wheat 
on  the  fallow.  Mr.  Grey  very  judiciously  combined  the  grass  ft«inilr. 
of  two  years,  a  system  wherever  adopted  and  per«everiugly  con- 
tinned  in  the  due  performance,  is  always  attended  with  the  same  results 
of  a  very  superior  efficacy. 

In  many  places,  the  laud  is  much  too  hard  and  stiff  for  barl^,  and  tiien 
the  course  of  four  and  five  years  with  beans  and  oats  may  be  adopted.  On 
inferior  soils  of  ibis  description,  the  following  course  may  be  usefully 
employed ;  1,  fellow ;  3,  wheat ;  3,  clovers,  trefoils,  seeds,  or  emque 
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foils;  4,  ditto;  6,  wheats  or  oats,  beans,  pease^  or  tares.  The  grass 
crops  may  be  prolonged  if  thought  &t,  and  form  a  course  of  six  years. 
Another  rotation  for  inferior  clays  has  been  recommended  in,  1,  follow ; 
2,  oats;  3,  grass;  4^  ditto;  5,  ditto;  6,  beans,  drilled;  7,  wheat 
And  also:  1,  &Uow;  2,  barley,  wheat,  or  oats;  3,  clovers;  4,  ditto; 
6f  oats.  A  crop  of  winter  tares  sometimes  precedes  the  faUowing  process, 
and  are  eaten  on  t"he  frronnd ;  but  ihe  mode  is  generally  imperfect,  as  a 
t-fgiF^ff  very  effectual  part  of  the  process  is  usually  performed  by  the 
time  the  first  furrow  is  given  to  the  land,  and  the  state  of 
cultivation  i»  always  mucli  inferior  to  the  fallows  that  are  effected 
by  winter  plonghings,  which  have  deriyed  the  benefits  of  atmospheric 
action.  The  custom  is  not  nnfrcquent  on  tomip  soils;  but  even  on 
these  lands,  the  iUlowing  tilth  will  be  inferior,  except  in  some  few 
particular  cases. 

These  courses  of  cropping  stippose  lands  of  good  quality,  and  a  capa- 
bility In  the  soil  of  being  drilled  with  leguminous  crops,  for  the  purpose 

of  p^resca-ving  the  land  in  a  clean  and  pulverized  condition.  But  on  the 
inferior  clay  lands  of  this  kingdom,  there  is  no  possibility  of  drilling  any 
green  plants ;  the  dung  may  be  applied  on  the  autumnal  stubble,  and  a 
jafy^       leguminous  crop  may  be  sown  in  tin:  spring,  but  it  will  be 

a  broad-cast  crop,  and  confers  no  benefits  on  the  land,  and  has 
no  tendency  to  defer  the  following  process.  As  it  has  be^  found  im- 
possible to  assist  the  benefits  of  fallowing  to  the  land  by  any  inter- 
mediate operation  of  dmiging  and  pulverizing  the  soil,  the  rotations 
of  cropping  on  these  lands  are  more  curtailed,  as  the  entire  processes  of 
the  rotation  depend  on  the  benefits  of  fallowing ;  and  the  quality  of  the 
land  will  not  endure  the  constancy  of  cropping  that  is  practised  on  poils 
of  riclier  constituent  quality.  On  all  wheat  lands,  the  operation  of  fallow- 
ing constitutes  the  foundation  of  the  whole  course :  if  that  be  neglected, 
the  future  produce  will  in  every  case  be  diminished.  If  the  roution  be 
formed  of  alternate  cropping,  the  land  is  speedily  exhausted,  and  the  too 
frequent  recurrence  of  the  operations  of  ploughing  are  known  to  tine  lands 
that  are  weak  in  texture  and  compodtion.  These  soils  are  gmerally  of 
two  kinds, — one  of  a  brick-Uke  nature,  and  red  or  black  in  colour;  the 
other  of  a  much  softer  texture ;  and  both  rest  on  a  wet  clay  bottom,  and 
g^^^  more  or  less  retentive,  and  not  unfrequently  mixed  with  sands 

and  gravels.  Of  all  soils  tlicy  are  the  most  precarious  to  manage, 
and  yield  the  smallest  returns.  They  are  mostly,  but  not  always,  found 
in  inland  situations,  and  distant  from  the  sources  of  manure,  and  are  unable 
in  themselves  to  maintain  the  animals  that  are  necessary  to  afford  the 
requisite  materials  of  that  indispensable  article.  A  farm  wholly,  or  mostly, 
composed  of  these  sterile  clays,  is  a  very  heartless  concern ;  but  <hey  are 
generally  interspersed  with  portions  of  turnip  fields,  ^dkich  very  much  im- 
proves the  management,  on  such  soils.  Wheat  has  been  proved,  in  most 
cases  to  be  the  most  profitable  crop,  ^ugh  many  high-lying  situations 
will  occur  where  oats  may  succeed  better,  from  the  climate  being  too  late 
for  an  early  plant    The  rotation  of  four  years :  1,  &Uow ;  2,  wheat ; 
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3,  graes  seeds,  mown  ofr  pastured;  4,  oatat  has  heeii,  and  is  yet  very 

inindicionsly  followed  on  these  lands,  for  the  famer  does  not  ^ 

J  ~  t  our  years 

pos.-^ess  manure  sufficient  to  support  constimt  cropping,  and  con-  wm^^ 
seq\iently  a  rest  in  pasturagfe  must  be  Rubstitutcd  to  recrnit  and 
refresh  tlie  land.  It  has  been  proposed  to  sow  pease,  beans,  and  tares 
during  the  third  year  in  the  field  alternately;  ao  that  dovers  may 
occnr  only  once  in  dght  years.  The  following  course  has  been  very 
profitably  employed:  1,  Mlow;  2,  wheat;  3,  grass  seeds,  mown  or 
pastured;  4,  pasture;  6,  pease,  beans,  or  tares;  6,  oats.  A  course  of 
five  years  may  be  adopted  by  soit^ng  any  of  these  plants  after  pestore, 
and  would  become  :  1,  fallow  ;  2,  wheat,  or  oats  ;  3,  grass  seeds 
mown  or  pastured;  4,  pease,  beans,  and  tares;  o,  oats:  or,  1,  fallow; 
2,  wheat,  or  oats  ;  ?>,  grass  seeds  ;  4,  pasture  ;  5,  oats,  or  pease,  beans, 
and  tares.  In  high  latitudes  that  are  unfavourable  to  leguminous  plants, 
the  following  course  may  be  useful :  1,  fiallow;  2,  oats  or  barley ;  3,  grass 
seeds ;  4  and  5,  pasture ;  6,  oats.  Many  or  most  of  the  soils  are  physically 
inappropriate  for  barley,  and  also  for  legnminons  plants ;  and  a  LoguMiaiid 
£ulnre  of  .the  latter  crop  invariably  produces  an  abundance  of  vaad. 
weeds,  and  renders  the  land  very  foul.  If  the  tare  crop  be  eaten  on  the 
ground  by  sheep,  it  would  very  much  assist  the  following  grain  crop ;  but 
the  uatAire  of  the  land  is  adverse  to  such  a  system,  unless  in  some  few 
cases  of  soils  and  of  eeasons,  that  are  of  rare  and  unfrequent  occurrence. 
Pasting  wHl  preserve  the  laud  in  a  cleaner  state,  and  adds  to  the  vegetable 
freshness,  that  will  supply  the  place  of  manure,  which  the  farmer  does 
not  possess ;  and  if  leguminous  crops  cannot  be  obtained  in  fair  quantities, 
they  had  better  not  be  attempted,  and  the  poor  quality  of  the  soil  prevents 
the  use  of  tares  and  clovers  by  being  consumed  on  the  ground,  for  the 
crops  themselves  cannot  be  got  in  sufficient  abundance  to  confer  any 
benefit  on  the  land  by  that  mode  of  manuring,  the  crop  of  hay  being  in 
many  instaiv^r s  too  light  to  be  cut,  and  must  consequently  be  used  in  pasture. 

A  very  general  opinion  prevails  that  grasses  will  not  grow  on  these 
lands,  and  certainly  for  the  beet  of  all  reasons,  because  the  seeds  are  never 
sown.  But  experience  has  proved  that  a  close  sward  may  be  produced, 
and  sheep  graeed  and  &ttened  without  any  dangor  firom  rot  and  other 
diseases  that  are  so  much  apprehended  on  wet  lands  of  that  description. 
The  fresh  herbage  of  the  sown  grasses  afford  a  wholesome  bite,  whidi  ia 
renewed  1^  a  fresh  sowing  of  the  seeds,  before  a  contagious  deterioration 
of  the  herbage  takes  place.  It  may  not  be  improper  to  menlaon  ^j,^ 
here  some  plants  that  have  been  found  to  produce  the  pasturage  «»"»e«d«. 
that  is  so  very  deairaUe  on  such  lands : 

JPer  Acre, 


4  lbs.  of  meadow  fescue, 
6  lbs.  of  red  clover, 
4  lbs.  of  white  clover. 


^  bushel  of  rye  grass, 
4  bushel  of  cocksfoot, 
6  lbs.  of  dogstail, 
4  lbs.  of  catstail, 

If  the  soil  be  damp  and  soft^  and  does  not  rank  among  the  hard  brick* 
like  clays,  the  quantity  of  dogstail  may  be  diminished,  and  that  of  the 
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catstail  and  fhe  meadow  feecne  incTeased.  A  miztnie  of  Tare  and  ezpen* 
aive  graaaea  would  be  altogether  misapplied  on  sack  landa;  and  in  caae 
of  Boils  of  any  quality,  it  will  be  found  more  profitable  to  bow  a  quantity 
of  the  seeds  that  are  known  to  be  best  suited  to  answer  the  purpose,  than 
a  mixture  of  plants  tliat  may  never  grow  in  any  sufficient  quantity,  and 
many  of  which  are  ol  doubtful  value  when  obtained.  The  harder  kinds 
¥mhmn  these  soils  should  be  reduced  and  pulverized,  in  the  early 
season,  by  the  mechanical  action  of  the  plough  and  the  roll, 
hanowing  will  be  of  little  nee  till  the  later  season  soften  the  very  adhe- 
sive  composition  of  the  day.  Lands  of  any  description  cannot  be  too 
much  reduced  and  pulverized,  but  they  may  be  rendered  too  spongy  and 
vacant  between  the  particles,  which  shows  the  nece  Baity  of  consolidation 
after  a  complete  reduction  had  been  effected.  The  black  and  softer  kinds 
will  require  lees  labour,  as  they  will  crumble  spontaneously  by  the  ellccts 
of  the  late  rains ;  and  if  power  was  applied  to  reduce  the  texture  in  the 
early  season,  the  soil  would  become  too  fine  for  wheat,  and  be  apt  to 
throw  out  tljG  plants  during  winter.  On  some  lands,  the  early  reduction 
would  be  very  difficult,  if  at  all  possible,  but  it  would  be  attended  with 
the  advantage  of  consolidating  and  acquiring  a  consistency  by  October  for 
the  seed  furrow. 

On  this  latter  sort  of  day  lands,  leguminous  plants  have  a  better  chance 
of  success  than  on  the  biid^  kinds,  and  a  crop  of  peas  and  tares  may 
be  veiy  profitably  used  in  the  rotation.  A  variation  in  the  kind  of  plants 
that  are  sown  is  ikm  obtained,  and  a  beu^t  is  conferred  on  the  lands  by 

LcfumcB  *he  smothering  shade  of  the  leguminous  crops  ;  but  they  ought 
barely yi  use.  ^^^^  ^g^^j  uuless  &  crop  cau  be  produced  to  cover  the 

groimd  closely  and  evenly,  for  a  thin  straggling  crop  of  such  plants  is 
the  most  pernicious  to  clean  lands  that  is  known.  The  grass  seeds  i?hould 
be  sown  on.  a  surface  that  is  pulverized  by  harrowing  and  roiling,  and 
then  covered  by  a  lighter  qiplication  of  the  same  implements. 
p„^Q{]^  Any  improvements  that  may  be  contonplated  to  be  executed 
iMeaswi7.  on  clay  lands,  must  be  preceded  by  complete  draining  at  the 
distance  of  twelve  to  twenty  feet,  according  to  the  extreme  or  partial 
wetness  of  the  soil ;  and  may  be  ^ected  by  drains  running  straight, 
oblique,  or  across  the  lauds,  as  may  suit  the  inclination  of  the  locality. 
Many  of  the  better  clay  lands  are  at  present  in  a  high  state  of  cultivation 
in  the  neighbourhood  of  towns,  and  in  favorable  districts  ;  but  the  greater 
part  is  yet  susceptible  of  very  much  improvement,  and  probably  of  more 
profitable  improvement,  than  any  other  kind  of  land  in  the  kingdom* 
The  draining  ehoold  be  executed  as  a  permMient  improvement  chiefy  by 
the  landowner,  with  a  corresponding  assistance  from  the  fiumer,  or  it 
may  be  done  by  the  single  expense  of  the  farmer,  on  the  proper  security 
of  a  lengthened  tenure.  The  circumstance  of  all  wet  lands  not  being 
drained,  after  the  obvious  and  profitable  results  which  have  been  obtained 
by  that  improvement  have  been  made  known  to  every  possessor  of  the 
the  soil,  reflects  a  disgrace  on  those  concerned,  and  who  have  both  the 
means  and  the  power,  hardly  to  be  wiped  away  by  the  future  tardy  per- 
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fomuuioe.  In  the  midst  of  tbe  greatert  nago  and  ofofward  raodely  for 

nnpiwements,  the  most  ohyiouB,  the  most  necessary,  and  the  most  certain 
of  any  in  the  result,  is  much  neglected,  and  without  which  operations  in 
that  class  of  soils,  all  other  improvements  are  in  a  great  measure  lost  in 
effect.    The  cutting  and  clearing  tlie  conrsea  of  brooks  and  oiaeral 
rivulets  must  precede  or  accompany  draiuiogj  and  also  the  ^J^^^** 
opening  of  the  receiving  ditches  round  the  field;  and,  after  «»<m*. 
the  complete  drainage  has  been  effected,  the  modem  improvement  of 
plonghing  the  euhsoil  may  be  introdnced,  and  foUowed  by  an  applicaticni 
of  calcareous  earths,  limes,  and  chalksy  in  quantities  of  300  to  600  bnshele 
an  acre,  in  order  permanently  to  alter  and  improve  the  texture  as  the 
nature  of  it  may  require.    Any  general  benefit  that  might  be  derived 
from  the  use  of  calcareotis  matters  on  such  soils  is  lost  by  reason  of  the 
want  of  quantity.,  and  from  the  land  not  being  prepared  for  the  mixture. 
It  remains  to  be  seen  what  ultimate  effect  the  complete  drainage   ah  neno*- 
will  operate  on  these  stubborn  clays,  if  they  will  be  converted  ^^°of"** 
in  any  instance  into  a  fit  state  for  green  crops,  or  only  rendered 
more  accearible  at  the  deferent  seasons,  and  easier  of  management  by  the 
{nesoot  mode  of  cultivation,  in  addition  to  (be  increased  prodnctiveness. 
Some  soils,  from  an  original  near  alliance,  may  be  rendered  iit  for  green 
crops,  hut  the  most  truly  day  lands  are  probably  placed  beyond  that 
possibility.  "When  such  improvements  are  required  to  be  performed,  they 
should  be  done  at  once,  promptly  and  effectually,  for  not  only  is  more  time 
gained  for  reaping  the  benefits,  but  the  frittering  policy  is  avoided  whieh 
squanders  the  means  of  action  on  many  points,  and  effects  no  object 
completely,  and  by  which  die  prodnoe  of  each  is  lessened  from  want  of 
concentration  to  produce  any  sadsfiictory  results.  In  no  active  business 
of  life  has  this  policy,  absnrd  end  puerile  as  it  must  appear,  been  attended 
vrith  more  mischievous  consequences  than  in  agriculture,  for  with  some 
veiy  few  meritorious  exceptions,  it  pervades  every  arrangement  and  detail 
of  operations,  and  fetters  and  prohibits  any  very  great  advances  in  the 
improvement  of  the  art.    \Ylien  a  quantity  of  means  is  allowed  to  effect 
any  object,  it  is  very  usually  exerted  on  multiplied  points  of  resistance, 
and  none  of  which  is  overcome  by  reason  of  the  force  being  too  smidl 
that  is  applied  to  each,  and  ccmsequ^tly  none  of  the  objects  are  jnodnciive 
of  the  expected  results. 

The  general  mode  of  reducing  and  working  clay  lands  by  caw^Aag 
e:qpoeure  during  the  heats  of  summer  and  the  vicissitades  of 
the  weather  is  well  known,  and,  in  most  cases,  is  performed  in  tolerable 
perfection;  but  obBorvation  has  shown  that  the  covering  of  land  prodtices 
a  fertilizing  effect,  and  kills  weeds ;  and  it  is  probable  that,  at  some  future 
time,  there  may  proceed  from  this  hint  an  important  and  valuable  altera- 
tion in  practice,  which  may  be  ascertained  by  a  few  decisive  trials  made 
on  fodr  and  tangible  grounds,  which  do  not  in  the  smallest  degree  affect 
the  usual  results  of  cultivation,  and  at  the  same  time  are  fitted  to  justily 
the  conclusion.  The  covering  that  would  be  afforded  by  a  crop  of  tares, 
or  a  similar  substance,  to  rot  on  the  ground,  might  lead  to  some  means  of 
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accomplislimg  the  piirp<^e.    Straw  has  heen  applied  one  indi  thick  as  a 
covering  to  wheat  seeds  pressed  into  the  soil  on  untilled  lands,  and  the 
crop  yielded  a  very  large  return  of  sound  and  healthy  grain.    The  straw 
would  afford  protection  agaiiiat  both  cold  and  drought,  and  alao  nutritious 
matters  by  its  decomposition,  and  the  weeds  will  be  efiectually  destroyed. 
One  good  crop  of  any  plant  may  be  got  from  a  single  process,  and  yet  be 
inadmissible  into  a  system;  the  means  that  are  reqolred  for  the  purpose 
ifi^  b»  of    of  protection  most  be  carefolly  considered,  and  also  the  bearings 
on  the  fatore  crops,  and  also  on  the  other  parts  of  the  pre- 
vailing mode  of  coltivation,  ub  it  may  operate  more  damage  in  some 
quarters  than  the  advantages  that  are  derived  in  another.  Snch  suggestions 
tend  to  confirm  the  seemingly  very  just  opinion  that  all  manures  are  best 
applied  on  the  siirface,  and  that  plants  derive  the  chief  part  of  their 
nourislnnent  from  the  atmosphere,  and  that  the  earth  performs  only  a 
secondary  part  in  the  process  of  vegetation.    Dung  covered  in  the  soil 
encourages  an  exuberance  of  roots  and  fibres,  whereas  all  healthy  ^d 
soundly  productive  plants  have  the  roots  sharp,  hard,  and  crisp,  like  the 
daws  of  a  bird.   Wheat  covered  with  straw  on  a  plate  of  glass  grew  well, 
which  farther  confirms  the  theory.   The  present  modes  of  production 
are  very  laborious  and  expensive,  and  our  investigations  may  probably 
soon  discover  much  easier  and  shorter  roads,  for  in  the  progress  of  obser^ 
vadon  and  of  science,  the  necessity  is  daily  felt  of  surrendering  opinions 
and  maxims  which  have  long  been  trusted  and  received  on  authority; 
and  we  must  not  suppose  that  our  ol>sorvatioa  and  experience  have 
explored  all  the  paths,  or  exhausted  all  the  stores  of  nature. 
GiMKs  Oa      Tl^Q  grasses  may  be  given  which  are  suitable  to  be  sown,  with 
the  different  rotations  of  cropping. 

For  a  hay  crop  of  one  year, 
jSow  per  acre, 


4  lbs.  of  catstail, 
10  lbs.  of  red  clover. 


}  bushel  of  ray  gnus, 
I  bushel  of  co(Aafoot, 
4  lbs.  of  meadow  fescue, 

For  hay  of  one  crop  and  one  year  in  pasture. 
Saw  per  acre, 


I  bushel  of  cocksfoot, 
4  lbs.  of  meadow  fescue, 
4  lbs.  of  catstail. 


8  lbs.  of  red  clover, 
4  lbs.  of  white  clover, 
)  bushel  of  ray  grasa, 

The  grass  plants  have  been  already  mentioned  that  are  proper  to  dry 
arid  days  in  psrmsnmt  pasture  of  two  and  three  years. 

On  the  subject  of  day  lands,  and  ihe  proper  rotations,  ihe  reader  is 
referred  to  "€ia^  Lands  and  Loamy  Sails**  price  Is.,  published  by 
Weale,  and  written  by  the  author  of  this  work.  In  that  treatise,  the 
various  kinds  of  f^lay  are  investigated  and  described,  geologically,  chemi- 
cally, naturally,  and  practically,  in  a  very  systematic  and  detailed  order; 
the  proper  cultivation  of  each  kind  of  land  is  stated  from  the  best 
experience ;  the  rotations  of  cropping  that  are  suitable  to  each  soil,  and 
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the  grasses  adapted  to  the  nature  of  ihe  grounds.  The  eompreheiuiyeness 
of  the  little  work  very  much  enhances  the  value. 

The  second  daea  of  soils  that  was  mentioned  contains  the  ^^^^^  j^^^ 
tetter  turnip  lands  and  the  loamy  clays,  that  aro  capable  of  rotation*- 
being  cultivated  and  planted  with  green  crops.  These  soils  constitute  the 
most  valuable  class,  and  are  capable  of  producing  in  abundance  all  the 
plants  that  are  held  in  the  highest  estimation  lor  the  purposed  of  hus- 
baadry.  The  £Edlowmg  cropb  are :  Swedish  tnmips,  potatoes,  and  mangel- 
worzel,  being  the  most  valnable  plants  that  are  known,  and  all  of 
them  capable  of  being  raised  on  tibiese  lands  with  due  preparation  and 
encoaragement.  On  many  loamy  days,  draining  will  be  required,  and 
must  be  performed,  before  any  other  expense  he  incurred.  These  crops 
can  be  removed  to  admit  wheat  being  sown  at  the  proper  season,  and 
hence  the  high  value  of  the  land  in  producing  the  two  crops  of  the 
greatest  value  in  succession.  A  course  of  six  years  is  much  ap- 
proved on  these  soils :  1,  green  crops ;  2,  wheat ;  3,  clover  cut  ^* 
for  hay,  or  used  for  soiling,  or  consumed  by  live  stock  ou  the  ground; 
4,  oats  or  leguminous  plants ;  5,  winter  tar^  or  late  turnips  consumed 
on  the  gronnd;  6,  wheat  On  the  four  years'  course:  1,  green  crope; 
2,  wheat;  8,  dover ;  4,  oats.  Beans,  horse  and  hand  hoed,  may  be  used 
along  with  the  winter  taree,  in  portions  and  alternately,  as  the  rotation 
goes  on,  and  the  land  will  then  obtain  a  change  of  plants,  and  the  green 
crops  may  be  varied  to  suit  a  similar  mode  of  cultivation.  The  four 
years'  course :  1,  turnips :  2,  barley ;  3,  clover ;  4,  wheat  is  too  short,  and 
the  same  plants  recur  too  frequently ;  and  it  has  been  proposed  to  double 
the  course,  and  to  extend  it  to  ei^ht  years,  thus  :  5,  cabbages  or  mangel- 
wurzel  ;  6,  oats  :  7,  tares  or  pease ;  8,  barley :  and,  for  two  years  more, 
d,  beans ;  10,  wheat;  and  also,  1,  turnips  oroabbages;  2,  barley;  3,  clover 
or  tares ;  i,  wheat ;  5,  potatoes  or  beet ;  6,  barley ;  7,  clover ;  8,  oats  or 
wheat :  and  also,  1,  beet  or  potatoes ;  2,  oats ;  3,  clover ;  4,  wheat ;  5, 
turnips  and  cabbages;  6,  barley;  7,  beans,  pease,  and  tares;  8,  wheat. 
The  rotation  of  eight  or  more  years  is  a  repetition  of  that  of  four  years, 
with  the  object  of  changing  the  plants  raised  as  green  crops,  and  substituting 
a  leguminous  and  clover  crop  alternately,  eo  that  each  occurs  only  once  in 
the  course  of  the  rotation.  But  this  object  may  be  attained  by  varying  the 
four  years'  course  in  the  fields,  as  they  occur  for  cropping  in  succession; 
and  if  the  soil  be  not  all  alike  suitable  for  similar  cropping,  a  change  in  the 
plants  will  be  necesaary.  A  course  of  five  or  six  years  is  most  generally 
to  be  preferred,  and  is  found  the  most  commodious,  as  it  afibrds  a  full 
opportunity  of  cultivating  the  most  valuable  plants,  and  also  of  profitable 
alternation. 

A  course  of  six  years  has  been  very  usefully  employed — 1,  turnips  and 
other  esculents;  2,  wheat;  3,  beans,  pease,  or  tares;  4,  barley;  5,  clover; 
6,  oats ;  unless  the  land  is  very  clean  and  in  high  condition,  the 
clover  crop  is  too  far  removed  from  the  clearing  and  manuring  process, 
otherwise  the  crops  are  well  arranged.   It  is  desirable  that  one  crop  is 
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eaten  on  the  ground,  as  au  auxiliary  manure  to  supi  i  rt  conetaut 
Mil.  cropping  as  a  leguminouii  crop  is  proposed  in  a  Biniilar  courBe 
OIL  day  &UowB,  and  then  tihe  rotation  would  stand  thus:  1,  green  crops ; 
2,  barley  or  wheat;  8,  clover;  4,  oats;  5,  yetches  consumed  on  the 
ground;  6»  wheat:  and  in  five  years  thus:  1,  tmnipe;  2»  harley;  3, 
seeds;  4,  pease,  or  tares  consomed  in  the  ground;  6,  wheat  or  oats. 
Qood  lands,  when  well  cnltiyated,  will  produce  two  crops  of  wheat  in  six 
years,  and  will  not  require  the  fiJlow  manuring  oftener  than  once,  as  it 
will  have  the  benefit  of  a  crop  consumed  on  the  ground.  Ill  some  cases 
of  very  favourable  situations,  the  auxiliary  raanurins;  may  be  withdrawn ; 
and  if  the  fallowing  for  green  crops  occurs  twice  in  six  years,  it  is  evident 
that  the  rotation  ceases.  It  is  more  pleasing  to  see  a  field  under  a  crop  of 
one  plant>  than  of  many  kinds — and  if  a  farm  be  suitably  di\4ded,  alter- 
nation may  be  aooomplished  without  much  subdivision  in  that  respect, 
i^^j^         These  rotations  apply  to  clayey  loams  of  the  very  first  quality. 

On  those  of  an  inferior  description,  and  on  the  best  turnip  lands, 
rotations  somewhat  different  are  used,  including  grass  for  two  years,  where 
there  are  no  grass  or  meadow  lands  for  producing  hay  and  pasturage  for 
the  live  stock.  A  course  of  six  years  includes  the  following  crops :  1, 
turnips,  or  other  green  plants ;  2,  barley  or  wheat;  3,  clover;  4,  grass; 
5,  beans,  peaao,  or  tares;  6,  wheat  or  oat«  alternately  on  the  fields. 
A  course  of  five  years  is  followed  by  omitting  the  pease  and  beans,  and 
sowing  oats  as  the  fifth  crop — or  pease  and  beans  may  be  sown  in  the 
fourth  year,  and  followed  by  oats.  A  course  of  eight  years  has  bc^ 
recommended:  1,  turnips;  2,  wheat  or  barley;  8,  clover;  4  and  5, 
pasture;  6,  oats;  7,  tares;  8,  wheat:  or  it  may  be  limited  to  seven 
years*  by  omitting  one  year  of  the  pasture.  These  courses  of  cropping 
are  adapted  to  loamy  lands,  and  it  may  be  very  safely  affirmed,  that  no  bet- 
ter are  yet  known. 

Oxaas  Nodi.     The  proper  grasses  are,  for  hay  £or  one  year. 

Sow  per  acre, 


f  Irashel  of  ray  grass, 
J  bushel  of  cocltsfoot, 
6  lbs.  of  meadow  fescue. 

For  two  years'  grass. 
Saw  per  acre, 


6  lbs  of  catstail, 
12  lbs  of  red  clover. 


12  lbs  of  red  clover, 
8  lbs  of  white  dcver, 
I  bushel  of  ray  grass. 


i  bushel  of  cocksfoot, 
6  lbs.  of  meadow  fescue, 
6  lbs.  of  catstail. 


These  soils  produce  large  crops  of  hay,  with  a  luxuriant  pasturage,  and 
should  be  very  liberally  Beeded. 

UglMMt         "^^^  division  of  soils  that  was  mentioned,  consists  of 

inferior  loams,  sands,  chalks,  and  gravels.  These  lands  are  chiefly 
a^pted  for  green  crops,  and  for  sheep  feeding,  and  the  quality  in  many 
instances  not  permitting  the  production  of  an  average  weight  of  the 
heavier  roots,  herbaceous  and  leguminous  plants  have  been  employed, 
which  yield  a  maintenance  for  sheep,  and  consequently  a  manuring  to  the 
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Und.  On  the  inferior  turnip  lands,  the  foUowmg  rotations  hare,  for  a 
longtime,  conetituted  a  very  suocesBful  practice:  1,  turnipa;  2,  barley; 
3  clover;  4,  pasture:  t5,  oats  ;  and  on  the  lighter  qualities  of  land  :  5, 
pasture ;  ti,  oatd  and  pease  and  tares  may  be  sown  on  the  gra&s  turf, 
to  supply  the  demsncU  of  the  fium.  The  great  advantagee  that  are  here 
derived,  consist  in  the  vegetable  remains  that  are  accmnulated  for  decom- 
position, and  it  has  he^  found  that  land  cultivated  in  this  manner,  yields 
greater  retams  hoth  in  grain  and  in  animals,  than  when  used  in  constant 
cropping  of  more  than  a  nsnal  proportion  of  the  ameliorating  crops,  and 
supplied  with  aU  the  manures  that  the  crop  afforded. 

For  hay  and  2  or  3  years  in  pastnre, 
Sow  per  acre  on  saTids  and  graveh. 


8  lbs,  of  red  clover, 
4:  lbs  of  wliite  clover, 

1  hushel  of  ray  grass, 
^  bushel  of  coi^oot^ 

2  lbs.  of  hard  fescue, 

On  inferior  loams, 
Sow  per  acre, 


6  lbs.  of  crested  dogstail, 
2  lbs  of  barley-like  le»eue, 
2  lbs.  of  yellow  oat  grass, 
2  lb.  of  upright  farome  grass. 


J  Lnshel  of  ray  grass, 
^  bushel  of  cocksfoot, 
8  lbs.  of  red  clover, 
4  lbs.  of  white  clover, 
4  lbs.  of  meadow  fescue, 


4  lbs.  of  crested  doggtail, 
4  lbs.  of  hard  fescuo, 
4  lbs.  of  meadow  catstaii, 
2  lbs.  of  yellow  clover, 
2  lbs  of  rib  grass. 


The  land  aoqaires  a  freshness  and  a  consolidation  from  the  rest  it  enjoys 
under  pastnre^but  it  supposes  a  dampness  in  the  soil  and  climate  to 
induce  and  fitvour  the  growtii  of  grass  seeds  that  are  sown  for  pasture. 
In  many  eases  of  the  very  hot  and  dry  soils  in  South  Britain,  tt*nn).||iny 
it  is  wholly  impossible,  to  procnre  by  any  means,  a  sward  of  . 
grassland  hence  th*^  necesHity  of  using  the  green  crops  for  sheep  feeding, 
and  of  sowing  very  tew  grain  crops,  and  in  a  very  diminished  proportion. 
On  hot  burnincr  sands  of  the  iron  description,  and  on  some  chalks  and 
gravels,  a  grain  crop  very  seldom  succeeds  j  if  the  early  months  of  tho 
year  be  dry  and  hot,  a  total  £ulure  very  often  ensues,  where  auiumn 
sown  rye  would  yidld  a  much  greater  produce  both  from  its  nature, 
and  from  attaining  a  tall  growth,  and  forming  a  shade  to  the 
land  before  the  scorching  heats  commence.  The  most  inferior  sorts  of 
these  lands  will  be  Imost  profitably  cultivated  by  a  succession  of  three  or 
four  feeding  crops  to  one  of  grain  for  seed :  rye,  winter  tares,  and  sum- 
mer sown  rape,  may  he  succeeded  alternately  by  turnips,  rape,  and  spring 
vetches,  and  relieved  occasionally  by  a  crop  of  clover  and  com.  On 
chalks,  graveU  and  sands  of  the  better  quality,  a  course  may  be  adopted 
tiins :  t,  turnips;  2,  barley;  3,  winter  tares,  consumed  on 
the  ground;  4,  rape,  also  eaten  on  the  ground;  5,  spring 
vetches,  also  consumed  on  the  ground ;  6,  rye  for  a  seed  crop,  being  four 
feeding  crops  to  two  of  grain:  or,  1,  turnips;  2,  spring  vetches;  3, 
rye  for  a  seed  crop;  4,  winter  tares;  5,  rape;  6,  barley — each  grain 
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crop  having  thue  the  benefit  oi'  two  crops  eaten  on  the  ground.  A  crop  of 
clorer  sown  at  the  rate  of  30  IbB.  an  acre,  may  succeed  the  barley  crop,  and 
may  be  cut  or  consumed  on  the  ground  as  may  be  required.  The  very 
inferior  soils  and  burning  sands  may  be  well  used  in  a  similar  manner, 
with  one  crop  of  seed  rye  to  four  of  the  feeding  pknte^as,  1,  turnips ; 
2,  barley  or  oats;  3,  clover;  4,  tares;  5,  cole.  Thus  rye,  winter 
vetches,  turnips,  spring  vetches,  and  rye  for  feed,  may  be  foUowed  at 
pleasure  by  turnips,  barloj',  and  clovers— and  the  lands  may  he  then  suc- 
cessively cropped  with  those  plants,  and  kept  in  good  condition. 
pMt^toilA.  l^<^^ty  soils  and  lands  that  have  been  pared  and  bnrned  may 
be  cropped  in  a  similar  manner,  accord ing  to  quality,  and  always 
with  a  large  and  full  proportion  of  the  feeding  plants.  On  clayey  soils, 
pared  and  burned:  1,  turmps  or  cole;  2,  oats  or  wheat;  8,  grasses  or 
tares;  4,  pease  or  hetaa;  5,  oats;  6,  fiJlow,  followed  by  wheat  and 
grasses  for  several  years.  On  thin  clays :  1,  cole ;  2,  oats ;  3,  pease, 
beans,  and  tares,  oats  or  wbeat^  followed  by  oole,  oats,  and  grasses,  for 
several  years.  On  chalks,  sands,  and  peats:  1,  turnips  or  cole;  2, 
barley  or  oats;  3,  grasses;  4,  grasses;  5,  grasses;  6,  oats;  7,  tares  or 
pease  ;  8,  turnips ;  followed  by  barley  and  grasses  for  a  time :  or,  1, 
turnips;  2,  barley  ;  3,  grasses  or  trefoils;  4,  ditto;  5,  pease;  6,  rye; 
7,  turnips,  followed  by  barley  and  graases. 

For  a  more  detailed,  and  separately  arranged  enumeration  of  the  ro- 
tations of  crops,  on  loamy  soils,  the  reader  is  referred  to  "  Clay  Landt  and 
Loamy  Soils,"  price  Is.,  published  by  Weale,  and  written  by  the  author 
of  tiiis  work.  The  various  kinds  and  modifications  of  loams,  are  very 
fully.described,  and  the  use  and  improvement  specified  and  suggested. 

The  division  of  the  different  soils  as  above-mentioned,  will  comprehend 
every  possible  variety — and  it  is  presumed  that  the  above  rotations  will  be 
applicable  in  most  cases,  with  the  variations  that  particular  circumstances 
and  opinions  are  Iniown  to  require. 

Xzp«flniea  Experience  has  now  fnlly  eiptahlisbed  the  fact,  that  in  a  proper 
«frota«l«Ba*  rotation  of  crops,  a  plant  with  a  naked  stem,  and  a  farinaceous 
seed  should  follow  one  with  a  branched  stem  and  a  iieshy  root,  which  has 
been  taken  from  the  ground  without  bearing  seed — and  if  all  these  con- 
ditions  cannot  be  obtained,  that  some  one  of  them,  at  leasts  must  be  com- 
plied with.  Wheat  sown  after  clover,  which  is  allowed  to  be  the  beet 
Buooeedon  on  light  soils,  fulfils  all  these  conditions  when  it  is  sown  after 
beans,  the  conditicm  of  the  preceding  crop  not  ripenhog  the  seed  is  given 
up,  and  consequently  this  succession  is  inferior  to  the  other.  It  is  not 
possible,  however  judicionely  the  land  may  be  manured,  to  raise  the 
same  crops  in  regular  succession,  without  loss  and  detriment  both  to 
the  land  and  in  the  quantity  of  the  crops.  Wheat  and  clovers  answer 
well  in  alternation,  but  not  singly  ;  and  this  shows  that  the  same  effect  is 
not  produced  in  <he  sdl  by  these  two  crops.  Experiments  have  been 
made  by  very  eminent  chemists,  particularly  by  l^M»ire  of  Qeneva,  at 
the  request  of  DecandoUe,  the  celebrated  botanist,  which  lead  us  to  sup- 
pose, that  in  the  formation  of  the  seed,  or  other  nutritious  parts  of  plants, 
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the  sap  is  digested,  and  that  it  takes  np  certaio  ^elements  and  depwito 
others,  which  are  the  residue  of  the  process — and  these  being  Eiudation 
no  longer  necessary  for  the  formation  of  the  seed,  are  rejected 
by  the  vital  action  of  the  plant,  and  exude  by  the  roots.  Thus  oertain 
inferior  animals,  which  in  many  respects  have  some  annloiry  Vv-itli  the 
vegetables  in  their  growth,  as  the  "  polypes,"  ta]-.e  in  nourisluueut  by  the 
piiiue  openings  or  pores  by  which  the  excrements  are  vuiueJ  after  diges- 
tion; and  the  difiarent  constitutions  of  dilForcnt  animals  enables  one 
class  to  feed  on  the  excrements  of  another — ^v^'hereas,  no  animal  in  a 
healthy  state,  can  derive  nourishment  from  that  which  has  already 
been  digested  and  voided.  Our  ignorance  of  the  functions  of  ^cotftiiiy 
v^etable  life  prevents  us  from  seeing  the  effects  produced 
on  the  eap,  by  the  expansion  of  the  blossom,  or  tho  ripening  of  the 
seed;  but  experience  leads  us  to  perceive,  that  certain  pknts  thrive 
best  after  certain  others — and  that  in  this  case,  they  are  always  of 
distinct  and  different  natures,  and  of  ililToront  natural  bottmic  families. 
Macaire,  and  some  otlier  scientific  men,  observed  the  change  that  took 
place  in  the  water,  in  which  wheat  had  been  made  to  giow.  They 
found  a  deposit  in  the  water  of  the  nature  of  bitter  extract,  and  this 
they  considered  to  be  excrementitious.  Beans  grew  well  in  this  water;  and 
on  the  other  hand,  wheat  throve  in  the  water  in  which  beans  had  grown. 
The  effect  of  fallowing  land  is  explained  on  the  same  principle — the  ct- 
crement  is  ^t'asbed  out  by  the  rains,  or  it  is  decomposed  by  the  light  and 
air  to  which  it  is  exposed  by  repeated  ploughings  i  thus  the  land  is 
'* sweetened/' — -an  expression  very  common  amono;  the  farmere  engaged  in 
fallowing.  However  interestinjr  it  luav  be  to  the  curious  fn- 
quirer,  to  ascertain  the  real  causes,  it  is  suliunant  tor  the  practittil  iiie  he.-t 
farmer  to  learn  by  experience,  what  crops  do  succeed  best  after 
each  other,  and  how  soon  the  same  kind  of  seed  may  be  so^nu  again  in  the 
same  ground,  with  a  reasonable  prospect  of  its  producing  a  good  c  rt^p — ^and 
this,  after  all,  can  only  be  learned  from  actual  experiment  and  observation. 


CHAPTER  IV. 

BUILDIKGS  NECESSARY  ON  OTTLTIVATEl)  LANDS,— 
DWELLING  HOL  SES,  FARMERIES,  AND  COTTAGES 
FOB  LABOURERS. 

The  farmer  of  land  having  obtained  a  security  for  the  outlay 
of  his  capital  in  a  lease  of  the  proper  duration,  and  being  provi-  tooudinui. 
ded  with  a  sufficient  quantity  of  the  means  for  the  necessary  operations  of 
cultivation,  the  attention  is  next  directed  to  the  provisions  of  the  fixed 
appendages  of  the  farm,  on  which  his  capital  is  to  be  used,  and  his  occnpa- 
tion  has  to  be  employed.  The  tenant  uses  a  number  and  variety  of  tools 
3l 
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in  the  cultivation  of  the  soil,  Bomc  of  which  are  possessed  of  life,  and  others 
arc  inanimate,  while  many  are  fragile  and  evanescent,  and  require  a  frequent 
renovation.  All  these  articles,  of  whatever  denomination,  demand  a  pro- 
vision for  their  use,  and  done  in  such  a  way  aa  will  lead  to  the  utmoat 
frnition  of  tlie  development.  And  the  first  implement  to  he  considered 
IS  the  fanner  himself. 

Twnh^  The  increasing  opnlence,  and  gr&dnal  refinement  of  the  age, 
demand  a  provision  of  personal  oomforts,  which  are  snited  to  the 
station  in  society  that  is  held  by  the  individual  representative.  The 
accommodation  of  the  "  Farni  House  "  must  be  suited  to  the  value  of  the 
farm,  and  the  habits  and  condition  of  the  occupier.  The  opulent  and  exten- 
sive farmer  will  require  a  very  different  kind  of  house  from  the  humble 
tenant  of  a  small  farm.  He  "mill  e^ect  personal  conveniences  suited  to 
his  condition;  and  a  man  of  good  capital,  accnstomed  to  the  oonv^encesof 
society,  will  hardly  consent  to  hire  a  farm  which  does  not  possess  them. 
The  uniform  progress  of  things  leads  to  this  natural  condition,  and  the 
state  of  the  dwelling  hotiBes  in  any  country  is  a  very  sure  indication  of  an 
improving,  a  stationary,  or  a  -non-progressive  tenantrv.  Tlie  tenant  who 
is  little  superior  to  the  condition  of  a  labourer,  will  he  satisfied  with  a  com- 
paratively humble  dwelling,  and  Ins  physical  comfort.s  would  not  be  any 
way  increased  by  furnishing  him  with  a  house  superior  to  his  habits  and 
ideas.  Henoe  the  dwelling  houses  of  fermers  are  to  he  varied,  and  uni- 
formity is  as  little  admissihle  in  that  department  of  social  life,  as  in  any 
odier  branch  of  occupational  business. 

A  -nraing  the  medium  size  of  farms  at  300  acres,  the  poBsessor  of  tliat 
extent  must  have  a  capital  of  £2000  to  £3000,  and  the  deriveabie  annuity 
firom  this  sum  entitles  the  receiver  tr>  a  genteel  and  comfortable  residence. 
IteMeom*  I'^s  accommodation  of  the  house  must  be  respectable,  and  afford 
the  proper  conveniences  to  the  tenant  and  bla  family.  In  the 
present  sodal  ideas,  a  division  Is  required  between  the  master  and  his  ser- 
vants ;  and  the  sitting  and  sleeping  apartments  of  both  grades  must  be 
separated.  This  arrangement  requires  the  dwelling  house  to  be  two  stories 
Atutnmta.  ^  ^  ^®  ground  floor  to  consist  of  apartments  in  which 

the  inmates  are  separated  in  employments,  and  in  the  places  of 
abode.  The  master'a  family  requires  a  sitting  room,  in  which  to  live  pro- 
miscuously, and  where  the  sittiugs  and  the  conversations  are  done— and 
another  room  for  the  purpose  of  assembling  at  moals,  and  which  is  kept  for 
that  sole  use.  The  farmer  will  need  a  room  for  his  bnsinees  of  accounts, 
and  for  the  visits  of  his  employ^-another  room  is  very  useful  as  a  nur- 
sery  for  the  children ;  and  where  no  £mily  is,  it  may  be  used  as  a  spare  or 
lumber  room.  The  accommodation  may  extend  to  five  rooms,  and  must 
not  be  under  four,  in  order  to  meet  the  exttmtef  capital  employed,  and  which 
demands  some  comfort  for  its  use.  There  must  be  a  Mtchen  of  suitable 
dimensions,  and  a  scullery  or  back  kitchen  adjoining,  and  also  a  pantry  and 
dairy.  These  apartments  are  most  conveniently  placed  in  the  back  part  of 
the  dwelling  house  and  to  open  into  the  area  behind,  which  contains  the 
fuel  and  the  ashcii,  and  other  minor  conveniences.    The  second  floor  is  di- 
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videdmtO  four  or  more  bed  rooms  aiid  closets,  wlilcli  will  accommodate  the 
family  of  the  farmer,  and  the  occaBional  visits  of  a  Btranger.  The  sleep- 
ing apartments  of  the  servaats  are  reached  by  a  different  stair  from  that  by 
which  the  femily  ascend. 

Our  limited  purpose  does  not  allow  a  very  laige  advance  into  q^^^ 
the  subject  of  farm  bnildinga — a  general  description  and  exhi-  ^crij»tioo. 
bition  can  only  be  given ;  but  at  the  end  of  this  chapter,  references  Will  be 
given  to  special  publications  on  the  gubjoct,  which  contain  a  large  variety 
for  selection,  and  an  utility  that  ever  must  accompany  all  euch  devices. 
Two  designs  are  here  given  of  dwelling  houses,  which  will  show  the  intent 
of  our  purpose,  md  point  to  the  accommodation  that  is  thought  to  be 
required. 
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Plan,  No.  1,  contains  two  rooms  in  the  length,  and  is  entered  by  a  cen- 
tral front  door,  and  by  turning  to  the  right  and  left.  The  fire-places  are 
in  the  gables,  and  each  room  has  a  window  in  the  front.  The  lobi>y  leads 
to  the  hack  apartments,  and  from  it  the  stair  springs  to  the  second  floor. 
The  second  floor  is  divided  into  three  bed  rooms  and  a  doset,  for  the  family 
of  the  farmer,  and  a  sleeping  apartment  for  the  female  domestics.  The 
rooms  are  all  specially  marked  in  the  plan. 

It  is  absolutely  essential  to  every  habifeition  of  civilized  nature, 
that  there  be  some  hack  buildings  for  the  performance  of  dirty  battSagt. 
operations,  and  for  kee.}>vnt?  articles  out  of  sifi^ht  that  never  should  be  seen. 
The  position  of  these  accommodations  is  best  right  behind  the  dwelling 
houses,  in  the  length  of  the  dwelling,  and  joining  it  at  the  ends.  The 
dairy  occupies  the  east  side,  as  being  a  cool  exposure ;  and  there  are  placed 
in  the  small  square,  as  seen  in  the  plan,  a  wash-house,  lumber  room,  a 
house  for  fad,  ashes,  and  a  privy,  and  an  apartment  for  a  dog.  These 
«recdons  are  low,  and  stand  aa  lean-tos  on  a  wall  that  surrounds  the  en- 
closed area. 

This  house  is  suited  for  farms  of  200,  and  to  300  acres,  and  presents  a 
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very  aniig  accommodation.  Tlie  garden  may  be  in  froiit,  or  on  the  west 
side,  as  will  be  afterwards  discussed,  when  mention  ia  made  of  the  general 
position  of  faxm  buildings  ia  the  useful  Gonnection. 
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Pkn,  No.  2,  is  calculated  for  extents  of  land  in  800  and  400 
acres.  The  end  of  the  house  stands  for  the  front,  which  is  entered 
by  a  porch.  The  house  is  of  doable  widths  and  contains  two  longitudinal 
ranges  of  apartments,  whicb  are  coirered  by  two  tiers  of  roofing,  that  meet 
in  a  central  iralley,  along  which  the  water  flows  to  the  back  end  of  the 
dwelling.  The  central  jm?age  of  the  house  leads  to  the  Vitcbens,  which 
stand  across  the  dwelling,  and  have  a  side  door  opening  into  the  liack  area, 
of  small  accornmndations,  as  in  the  laiit  design.  The  sleeping  apartments 
are  arranged  and  divided  lor  the  family  and  the  servants,  according  to  the 
ideas  already  expressed,  and  the  former  plan. 

uatATiAk.  houses  are  built  with  mortar,  stones  or  bricks,  as  the  mate- 

rials may  abomid  in  the  locality.  The  rooms  are  floored  with 
deal,  and  the  kitchens  are  paved  with  flags  or  flooring  bri<&s.  The  side 
walls  and  ceilings  are  plastered  in  the  usual  way,  and  in  the  better 
rooms  are  covered  with  paper.  The  second  floor  is  joisted  and  laid  with 
deal  in  t  he  common  method  of  finishing  such  work.  The  roofe  are  covered 
with  tiles  or  slates,  as  the  locality  may  direct. 

A  good  sized  garden  for  growing  fruits  and  vegetables  is  a  most 
useful,  and,  in  fact,  a  most  essential  appendage  to  any  extent  of  land 
f^t  is  intended  to  be  let  for  cultivation.  It  must  be  made  into  shape, 
and  very  amply  provided  with  fruit  trees  and  siirubs,  by  the  expense 
of  the  proprietor;  and  when  suitably  accommodated,  it  constitutes 
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a  very  great  indacement  to  the  ocoapatitm  of  the  fiiim  by  wealth  and  re- 
spcctabflity :  when  joined  with  a  conimodious  and  neatly  fonuehed  dwel- 
ling I10TIB6,  a  veiy  large  portion  has  been  accomplished  in  these  two 
appendages,  of  the  fixed  provisions  which  constitate  tbeneeeBBaiy  fnmitare 

of  a  farm.  The  hxmj&r  himaelf  must  be  first  accommodated,  and  then  will 
look  to  the  Tnaintmmncp,  in  comfort  and  safety,  of  tlie  live  and  dead  stock 
oi'  his  ('tii[)l()yTnL-'nt.  Tho  lati'lowucr  .nadly  Deglects  his  own  interest,  wlio 
omits  the  above-mentioned  provisions,  on  a  Bcale  that  is  rather  above  than 
below  the  standard  which  the  oocnpation  may  seem  to  require. 

farmeries  constitote  the  mass  of  houses  which  are  grouped  to-  '•™^«"- 
gether  for  the  special  purposes  of  the  tenant  of  land,  and  are  a  yery  important 
part  of  the  fixed  provisions  of  the  iucm.  The  houses  are  designed  to  enable 
the  &rmer  to  thrash,  prepare  for  use,  and  lay  in  store,  the  produce  of  the 
ground— to  lodg«'  and  feed  the  horses,  and  other  Tabonring  cattle,  and  to 
separate,  shelter,  ;iiid  I'atten  the  oxen,  and  other  live  etock;  to  preserve 
the  implem.ent,s  and  niachiueii;  to  coUwct  manures;  and  generally  to  r^rry 
on  the  works  that  are  required  to  be  performed  under  the  shelter  of  roofs 
and  bnildings.   The  principal  parts  of  the  farm  houses  are  the  bams,  the 
stables,  the  feeding  houses,  the  yards  or  courts,  and  the  shed  for  containing 
the  implements  and  machines  of  the  farm.  The  bam  consists  in  j^^^^^ 
a  ground  floor,  on  which  the  thrashed  grain  falls  from  the  upper 
floor,  where  the  machinery  is  at  work,  and  where  it  h  dressed  by  fanners 
and  made  ready  for  use.    The  straw  is  thrown  by  the  machinery  into  an 
adjoininiT  house,  ealled  the  straw  barn,  in  which  the  straw  h  lodged,  and 
whence  it  is  carried  as  wanted  for  the  different  purposes  of  use.  These 
bnOdings  are  required  to  be  two  stories  high,  to  lodge  the  thrashing  ma- 
chinery on  a  second  floor,  and  to  afford  room  in  the  straw  bam,  for  the 
accumulation  upwards  of  the  thrashed  culmy  materials.  A  central  position 
must  be  given  to  the  bams,  as  a  very  frequent  access  is  required.  The 
shed  for  implements  demands  a  north(n  n  exposure,  in  order  to  g^^,^ 
preserve  the  tools  from  the  heats  of  the  sun,  and  being  vacant 
l)(do\v  on  tlie  ground  floor,  it  affords  the  best  stort!  room  over  it  for  the 
lodging  of  thrashed  grain.    Two  stories  in  height  ailord  a  shed,  and  a 
granary  over  it ;  and  the  building  most  conveniently  adjoins  the  thrashing 
barn,  in  which  an  ineide  stair  leads  to  the  granaxy  floor.  A  house  for 
holding  small  tools,  under  lock  and  key,  adjoins  the  cart  shed,  and  is  floored 
over  with  it. 

The  stables  are  contrived  to  lodge  the  work  horses  of  the  ^taiiu 

farm;  and  the  house  may  be  only  of  one  story  in  heigrht,  l)Ut  open 
to  the  top  of  tlie  roof,  and  no  floor  over  it.  Each  animal  stands  in  a  trevise 
of  six:  feet  in  \\ddth,  and  is  provided  with  a  rack  in  front,  and  a  manger  by 
which  to  be  led  with  nay  and  grains.  The  width  of  a  stable  within  walls 
may  be  eighteen  feety  and  the  ventilators  placed  at  the  ridge  of  the  roof. 
A  hay  house  adjoins  the  stable,  and  in  it  the  com  chest  is  placed,  into 
which  the  grain  descends  by  a  spout  from  the  granary  above.  Tomig 
horses  are  kept  in  yards  during  winter,  and  are  introduced  to  the  stable 
as  they  are  broken  to  work.  The  riding  stable  is  fitted  for,  at  least,  three 
horses,  in  the  same  way  as  the  working  stable. 
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C^^^^  The  cows,  which  breed  the  fattened  auimala  of  beef  demand 
a  very  Buitable  accommodation ;  and  as  some  part  of  the  milk 
wiU  be  reqiDTed  far  domeBtio  purpofles,  the  positioxL  of  the  cow  shed  is  meet 
eommodioiis  on  ihe  west  side  of  the  hrmery,  where  it  will  be  near  to  the 
dwelling  of  the  toner.  The  animals  enter  most  conyenieatly  by  an  end 
door,  and  stand  in  donUe  treviaes  of  two  together,  and  are  tied  by  chains 
round  the  neck.  The  house  for  lodging  the  calves  adjoins  the  cow  shed, 
where  the  young  animab  are  confined  in  snngle  pens  of  about  toi  fay  four 
feet,  divided  by  wooden  partitions,  and  on  a  boarded  floor,  thickly  pierced 
\nth  auger  holes,  in  order  to  convey  the  moisture  into  tiie  vacmnn  under- 
neath. If  suckled,  tlie  calves  are  led  by  halter  to  the  cows :  if  fed  by  pail, 
the  door  of  each  apartment  is  provided  with  an  opening  in  the  centre, 
through  which  the  calf  pota  its  head,  and  drinks  the  milk.  These 
houses,  the  riding  stable,  hay  house,  and  gig  house,  are  one  story  in  height^ 
and  form  tiie  west  wing  of  the  £urmety,  which  adjoins  the  dwelling  of  the 
&rmer,  and  &m  convenient  to  the  special  pfarposes. 
Feeding  Experience  not  having  yet  decided  the  single  superiority  of 
the  two  modes  of  &ttenizig  cattle,  tied  in  stalls,  and  loose  in 
yards,  both  ways  may  1^^  adopted;  and  accordingly  a  feeding  honse  is 
j)Iaced  in  the  farmery,  in  which  any  backward  animals  may  be  fon\'arded, 
and  any  choice  beasts  placed  for  the  first  selection.  The  animals  stand  in 
double  trevisea,  and  are  supplied  with  roots  and  hay  from  houses  that  adjoin 
each  end  of  the  feeding  apartment.  The  yards  are  divided  into  large  and 
small  extents  for  young  cattle  and  feeding  beasts.  Each  yard  has  a  shelter 
shed,  in  which  the  animalB  repose  from  colds  and  heats. 

Swine  and  poultry  are  so  wholly  distinct  from  horses  and  cattle,  thai 
they  are  much  best  kept  in  separate  apartments,  of  which  designs  and  ez* 
planadons  will  be  given. 

LiqpM  The  liquid  e^ccrements  of  the  farmery  are  most  beneficially 

absorbed  by  the  trnvs  and  litter  of  the  yards;  but  if  the 
quantity  of  these  articles  be  deticion*  for  that  purpose,  oozinga  may  he  led 
and  conducted  to  a  central  point,  m  iioiit  of  the  farmery,  and  fall  through 
an  iron  grate  into  a  covered  drain,  which  conveys  the  urine  to  a  tank,  in 
which  a  nuxture  is  made  with  earlihs  and  vegetable  matters.  Bnton  farms 
that  are  systematically  arranged  and  conducted,  the  straws  will  be  in  abun- 
dance to  absorb  the  urmary  feces  of  the  proper  quantity  of  animals.  In 
very  rainy  countries,  the  rain  water  from  the  roofe  of  the  houses  is  inter- 
cepted by  spouts  at  the  eaves,  and  conducted  from  deluging  the  yards  with 
moisture.  Wator  is  supplied  to  every  part  of  the  fermery,  by  conducting 
water  from  liio-her  c'r^-'iind  to  an  elevated  cistern,  where  pipes  lead  it  to 
troughs,  and  supply  it  lo  them  by  moans  of  ball  cocks  :  or  a  forca>pump 
raises  water  to  the  cistern,  which  supplies  it  as  above, 
j^^^  All  enlightened  practical  men  have  agreed  ior  a  long  time 
past  in  the  opinion,  that  there  is  not  a  wider  field  to  he  seen  at 
present  in  any  branch  <ii  rural  economy,  than  appears  in  the  arrangement 
and  oonstmction  of  faim  buildings.  Very  great  and  benefidal  alterations 
have  certainly  been  made  within  the  last  half  century,  and  which  are  in 
some  d^^e  corresponding  with  the  extensive  improvements  in  other  bran- 
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ches  of  the  rural  art  ;  but  in  many  parts  of  the  kingdom,  it  may  be  eaid  that 
any  advances  on  that  point  have  not  yet  conunenced ;  and  even  where  a 
considerable  progress  has  been  made,  or  at  least  attempted,  a  suitable  effect 
has  not  been  produced,  from  want  of  the  necessary  knowledge  and  judg- 
ment in  adapting  ike  extent  of  the  accommodation  to  the  purposes  required, 
and  in  combining  and  adjnating  the  utility  of  the  whole  concern  with  the 
proper  expenditure.  From  looking  at  the  present  state  of  farm  Bad  anuge. 
bnildings  over  a  great  part  of  the  United  Kingdom,  it  would  '^''''^ 
appear  that  ingenuity  had  been  employed  to  devise  and  erect  the  most 
awkvcard  and  uscdess  forms  imaginable.  Declivities  are  chosen  for  the  sites 
of  farmeries  in  order,  it  is  said,  to  keep  the  yardt^  dry,  and,  at  the  same 
time,  to  discharge  the  wliole  quantity  of  moisture  into  ponds  aud  ditches, 
or  into  the  ruts  of  a  public  road ;  the  straw  lies  dry  and  unreduced,  and 
becomes  very  unfit  for  the  purposes  of  manure.  The  houses  are  scattered 
and  disjoined,  and  req^uire  a  useless  quantity  of  fencing  to  connect  them — 
the  yards  are  large,  open,  and  exposed,  and  afford  a  very  insufficient  ac- 
commodation  and  shelter  to  the  animals,  and  no  proper  means  of  preparing 
manure  in  tiie  most  approved  and  economical  manner.  The  useless  expen- 
diture in  building  large  timl^er  barns  has  been  long  condemned  by  every 
practice  of  enlightened  knowledge — being  an  ex]>rii  -T  frlly  double  of  wh^ 
is  required  to  be  used  on  that  p)oint  alone.  The  aamc  latent  bar-  ContimMd 
bariams  of  the  mind  that  retard  improvements  on  other  points 
operate  with  full  force  in  this  respect — an  aversion  to  make  the  necessary 
outlay,  and  a  general  and  very  strong  inclination  to  continue  the  old  usages 
and  erections  at  the  least  possible  expense,  and  to  repair  and  patch  up  so 
long  as  any  possibility  exists,  and  the  want  of  security  in  the  case  of  any 
person,  except  the  landowner,  expending  capital  even  for  such  a  necessary 
and  essential  purpose.  An  improper  expenditure^  might,  no  doubt,  be  in- 
curred, by  making  a  iiumber  of  extensive  alterations  at  one  time ;  but  by 
gradually  introducing  the  be^t  plans,  as  occasion  may  require,  and  oppor- 
tunity offers,  either  piece-meai  or  altogether,  an  important  and  valuable 
change  would  soon  be  made,  which  would  show  a  very  different  residt  from 
the  frittering  policy  generally  pursued,  of  expending  money  on  many 
points,  wbidk  only  serve  a  temporary  purpose,  and  which,  if  oombu&ed,  and 
directed  to  one  or  more  chief  objecte  would  introduce  some  positive  bene* 
fit  in  one  place,  and  then  in  others,  as  it  may  be  successively  applied. 

In  consequence  of  the  general  aversion  to  make  the  necessary  >,^,^  ^^^j^ 
outlay,  and  the  adoption  of  a  temporary  system  of  management,  ^^^^y- 
few  opportunities  occur  of  ehowing  a  suitable  and  economical  erection  of 
bnildings  on  any  farm;  but  few  farmers  will  refuse,  and  offers  are  made 
to  pay  tiie  usual  interest  on  the  cost  oi'  an  improved  farniery  for  the  lease 
of  twenty  years :  and  such  an  erection  will  always  be  an  inducement  to  pay 
a  higher  rent,  and  wiii  become  itself  a  capital  in  money,  paying  the  usual 
revenue  of  profit.  A  certain  class  of  cultivators  will  deny  that  any  im- 
provements can  be  made — and  another  class,  more  irrational  still,  will 
acknowledge  that  the  su^ested  improvements  are  all  very  good,  but  that 
they  are  not  required,  and  are  unnecessary — reasons  that  cannot  for  a 
moment  be  admitted  by  any  intelligent  mind.  In  many  places,  where  large 
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Proper      stuns  of  nMMwy  have  been  expended  in  erecting  Uxm  bnildinga, 

expenditure,  ^gjy  glaring  Wunders  We  been  committed,  and  much  ignorance 
has  been  displayed,  even  of  tiie  most  ahnple  and  evident  details  of  prac- 
tice, aripinir  from  the  incompetency  and  conceit  of  llie  persons  employed 
who  have  never  practised  the  art  they  pretend  to  asi>\^t,  urn  I  theretore  do 
neit  Ivuow  the  wants  they  atteni})!  to  fiiipply.  The  land-owner  very  gener- 
ally makes  an  unprofitable  expenditure  upon  unnecessary  erections,  and  in 
useless  decoratioiis;  or  is  led  away  by  the  plans  of  architects,  who,  however 
well  q\ialified  to  plan  and  build  dwelling  houses,  gothic  windows,  and  spiral 
columns,  experience  has  shown  to  be  most  miserably  deficient  in  contriving 
and  placing  the  accommodations  that  are  required  on  a  quantity  of  land  in 
jujement  Cultivation.  The  economy  of  labour  that  is  derived  from  the 
re.iuircd.  j^,  ^. ^  ^  ,  j  ^  j^^  artides  that  are  required  to  act  or  to  be  nsed  in 
combination,  has  been  wholly  disrec^arded,  if  the  advantages  were  fully 
known — barns  and  riclc-yards  have  been  placi  d  at  opposite  sides  oi  a  large 
farmery — 8tal>loH  and  cart  sheds  in  a  similar  manner,  and  the  granar  y  placed 
at  a  di.-:tanc<;  from  the  barn,  fe>r  the  evident  purpose  of  creating  useless 
labour  in  carrying  the  grain  from  one  place  to  the  other.  Farm  horses 
are  often  allowed  to  enter  through  a  cattle  yard,  and,  in  many  cases,  must 
travel  round  the  &rmery  in  order  to  reach  the  cart  shed.  Figs  are  huddled 
into  some  cold  damp  corner,  and  the  poultry  are  similarly  treated,  and  the 
door  of  the  house  is  often  found  opening  to  the  north,  whidti  is  the  coldest 
exposure  of  any  quarter  of  the  heavens.  These  two  kinds  of  live  stock 
reqnire  much  warmth,  and  a  sunny  exposure,  and  their  common  treatment 
is  just  the  Tcverse.  Many  similar  blunder^  might  he  pointed  out  which 
must  be  obvionn  to  any  experienced  person,  and  which  abound  in  the  beat 
ji^xporienee  puMieations  on  the  subject.  However  simple  the  matter  may 
Beocasaty.  appear,  no  person  is  capable  of  deviling  plans  of  convenient 
farmeries,  without  the  most  intimate  knowledge,  from  long  and  extensive 
experience,  of  the  most  minute  details  of  practice ;  and  the  first  requisite 
is  to  ascertain  the  number  and  size  of  buildings  that  may  be  required  on 
any  lands  under  a  certain  system  of  cultivation,  without  too  much  curtail- 
ment to  create  inconvenience,  and  without  any  useless  appendages  that 
require  an  unnecessary  expense — and  then  how  to  connect  them,  so  as  to 
afford  the  greatest  possible  convenience  with  the  least  possible  labour. 

In  planning  farmeries,  two  mistakes  are  very  apt  to  be  (.■(■innjiltcd — to 
extcnil  the  buildings  too  raucli,  and  make  the  yards  eold  and  iincniufortable; 
or  to  make  them  too  coulinod,  and  conscr(uently  defieieut  in  ventilation  and 
fresh  air.  It  is  no  easy  matter  to  bteer  midway  of  tlie  two  extremes  :  situation 
and  exposure  will  claim  much  of  the  direction,  of  the  arrangement,  which 
Gcncnu  ^o^al  experience  only  can  know  and  estimate.  Hence  arises  in  a 
mutakci  ^^py  great  degree,  tiie  frequent  occurrence  of  a  wrong  exposure 
and  of  insufficient  accommodation — of  one  thing  very  good,  and  another 
very  bad,  placed  side  by  side — all  showing  the  paucity  of  ideas  on  the 
subject,  and  the  niggardliness  of  execution.  With  the  present  accom- 
modation, as  it  is  most  generally  found,  the  fanner  cannot  use  the  winter 
cro)Ks  so  as  to  derive  th''  full  value  :  ho  is  ronscqnently  dificouraged,  and 
has  not  the  proper  imiiicti'iucnt  to  expend  his  capital  on  the  legitimate  object. 
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or  the  oiiltivatiou  of  tlie  soil,  and  the  increase  of  the  quantity  of  produce. 

Tn  the  best  shapes  of  farmeries,  the  form  of  a  parallelogram  n^^,, 
is  preferred,  wiUi  the  froiit  open  to  the  south,  eo  as  to  admit  the 
1)eaeficial  effects  of  the  rays  of  the  snu,  and  without  any  houses  being 
placed  in  front,  which  would  exclude  that  enjoyment  The  building 
consequently  consists  of  three  sides  or  wings,  with  interior  accommoda- 
tions. For  the  purpose  of  illustration,  we  are  able  to  give  three  designs 
of  fermeries  for  extents  of  land  from  200  to  500  acres,  which  may  be  in- 
creased or  diminished  so  as  to  suit  any  intermediate  size  of  a  farm. 


FT 
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A  Barn. 

B  Straw  Kara. 
C  Cart-«hed. 
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E  Stable, 
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Farmaijr  PlanKo.  1  exhibits  the  aceommodatioosniigediiithe  order  that 
^*  has  been  mentioned,  and  with  an  interior  road  between  the  bnfld- 
ingsandtlie  yards.  Tlie  room  thus  occupied  has  been  made  an  objection,  but 
it  yet  remains  for  decision  if  it  be  not  the  i^iuli  >  t  ncrr-^s  to  every  situation, 
and  the  moat  convenient  arrangement  yet  devised.  The  dwdling-bonse  of 
the  farmer  is  suppop'^d  to  stand  on  the  west  side  of  the  farmery,  and,  v^ith  the 
garden  behind  it,  will  equal  the  extent  of  tlic  range  of  conjoined  buildings. 
The  west  wing  is  occnpied  with  a  cow  shed,  calf  pens,  hay  house,  riding 
stable,  and  gig  house  :  these  appendages  will  be  couvenient  to  the  pur- 
poses of  the  fiurmer^s  domsstic  use.  The  walls  are  10  feet  high,  and  made 
with  mortar,  stones,  or  bricks.  The  cow  shed  and  stable  are  pitched  with 
stones ;  the  other  honses  have  earthen  floors.  The  north  wing  is  formed 
of  houses  of  the  height  of  two  stoiies,  and  are  a  spare  house,  gang-way, 
thrashing  bam,  straw  bam,  cart  shed,  and  tool  house.  The  walls  are  24 
feet  high,  and  the  whole  range  of  bnildings  is  floored  with  joists  and 
boards,  at  the  height  of  U  or  16  feet  from  the  ground.  The  floor  of  the 
barn  is  of  boards  ;  the  other  houses  have  the  Hoors  of  earth.  The  east 
wing  of  the  faruiery  comains  a  stabh-;  for  the  work  horses,  a  hay  house,  a 
feeding  hoose,  and  a  house  for  holding  roots.  The  walls  are  10  feet  high ; 
and  every  house,  and  slso  of  the  west  wing,  are  open  to  the  top  in  the  in- 
side, and  have  no  floors  over  the  tops  of  the  walls.  The  horses  enter  and 
leave  the  stable  by  an  end  door,  which  does  not  disturb  any  yard  where 
cattle  are  confined. 

Arrange-  Tho  intcrior  room  of  the  farmery  that  is  contained  between 
the  three  wings,  is  diminished  by  the  road,  which  is  20  feet  in 
width,  and  the  remainder  is  divided  into  yards  for  store  and  for  fcedinsr 
cattle,  m  &ho\vii  in  the  plan.  The  road  is  pitched  with  stones,  and  the 
yards  are  dug  in  the  bottom  to  the  hard  concretion  that  is  beneath  the 
softr  soil.  The  shelter  sheda  are  twelve  feet  in  width,  and  low  in  the 
roof.  The  ricks  of  grain  stand  on  the  north  side  of  the  fkmcry,  and  are 
carted  to  be  thrashed  into  the  gangway,  whence  the  sheaves  are 
thrown  on  the  second  floor  of  the  bam,  where  the  machineiy 
is  at  work :  they  are  immediatdy  handed  to  the  person  who  feeds  the 
scutchers. 

The  piggery  and  pooltry  yards  are  made  separate  designs,  and  are 
placed  as  shown  in  the  plan  :  the  piggery  on  the  east  side  of  the  fumery, 
and  level  with  the  front  of  it :  ap_d  the  poultry  yard  in  the  centre  of  the 
farmery,  and  in  front  of  the  whub  erections.  The  walls  being  low  will 
not  intercept  the  sun  from  shining  on  the  yarda  of  the  farmery.  The 
Shgguj.  P^Sgery  breeds  and  feeds  swine  on  u  large  acale,  as  every  extent 
of  land  in  use  ought  to  be  held  as  a  manu&ctory  of  raw  and 
finished  produce.  The  boar  and  brood  sows  are  separatdy  and  singly  ao» 
commodated,  and  the  store  pigs  have  a  large  yard  well  littered,  with 
shelter  sheds,  and  a  pond  of  water  in  which  to  roll  and  wallow.  The 
feeding  hogs  are  two  in  a  sky,  and  are  there  fed  with  steamed  potatoes 
mixed  with  meals',  ^-rhich  are  prepared  in  the  cooking  house,  as  shown  in 
the  plan.   A  light  iron  waggon  on  four  wheels  conveys  the  food  along  the 
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passages,  which  are  laid  with  flags.  The  store  pigs  are  fed  in  tlie  yard 
during  summer  with  clovers  and  vetehes,  and  m  winter  witli  potatoes^ 
tamipa,  and  beet«root»  law  or  Bteamed,  or  in  both  conditions. 

The  poultry  yard  shows  a  hotose  for  each  kind  of  animals,  and  a  hatching 
house  for  all  sorts.  The  young  broods  are  oonyeyed  to  small  cribe,  and 
there  confined  till  grown  strong  to  go  abroad.  A  fire-house  cooks  die 
food  in  steamed  or  boiled  potatoes,  which  are  given  to  the  poultry  along 
with  dry  grains,  in  troughs^  in  the  shelter  sheds,  which  protect 
the  animals  from  rains,  storms,  and  sons.  A  pond  of  water  in 
the  centre  floats  the  ducks  and  geese.  Poultry  in  turkeys  and  liens  arc 
natives  of  hot  countries,  and  require  much  warmth  :  and  lience,  the  great 
fecundity  of  poultry  that  roost  m  iabourero'  cottagea,  and  enjoy  the  heat  of 
the  dwelling.  In.  the  plan  now  given,  the  houses  are  heated  by  pipes 
from  the  boUer  of  the  cooking  housOi  that  conyey  heat  to  stones  in  cast- 
iron  potB  below  the  floor,  which  retain  heat  for  a  long  time,  and  import 
warmth  to  the  whole  apartment. 

An  arch  may  be  raised  over  the  south-end  of  the  roadway,  on 
which  a  pigeon-house  may  he  placed,  and  the  top  surmounted 
by  a  ch.)ck.    This  latter  appendage  is  very  useful  for  maintaining  order 
and  regularity  in  tlie  operations  of  buBiness.    The  floor  of  the  Pigwuu 
pigeon-house  may  he  of  boards,  and  hung  upon  hinges,  which 
will  let  &11  the  floor  when  necessary  and  discharge  the  excrements  cn  the 
ground  beneath.   This  provision  will  save  the  inoonTenience  of  intruding 
on  the  pigeons,  and  the  trouble  of  collecting  and  heaving  the  quantity 
of  cerements. 

Flan,  Ko.  %  shows  the  buHdings  arranged,  aa  in  the  last  design,  but  a 

very  wide  difference  in  the  interior  of  the  farmery.  The  road  of  access  is 
placed  outside  the  two  wings  of  the  buildings,  and  the  feeding  yards  are 
in  consc'iuence  advanced  close  to  the  walls  of  the  houses.  The  Warmaj^ 
shelter  sheds  are  placed  in  two  central  rows,  between  wMch  a 
railway  runs  from  the  stores  of  roots  in  the  rick-yard ,  through  the  straw 
bam,  and  conveys  potatoes  to  the  oooMog  house  of  the  piggery  and  poul- 
try yard,  and  tamips  to  the  cattle  in  the  sheds,  which  receive  the  roots 
thorough  holes  in  the  wall.  This  facility  of  conveyance  saves  much 
labour  in  cartage  and  manual  work.  Straws  for  litter  and  hay  for  pro- 
Tender  are  oonveyed  on  the  same  passage.  The  pigge^  and  poultry  yard 
are  joined  in  this  plan  by  which  one  cooking  house  eorves  both  departments 
with  the  steamed  roots  for  being  mixed  with  meals.  The  buildingBljt  Iti^^' 
low  in  the  walls,  will  not  much  obstruct  the  raya  of  the  sun  from  shining 
on  the  yards  of  the  farmery. 

The  ricka  of  grain  stand  in  two  rows,  which  extend  the  width  mciu  of 
of  the  farmery,  and  between  the  rows  a  lailvray  conveys  on  a 
light  waggon  of  four  wheeia  the  unthrashed  gndn  to  the  machinery,  and 
is  turned  into  the  gangway  by  a  turn-table  on  the  main  line  of  ^^^^^ 
rail.  The  ricks  may  not  be  thatched,  but  are  covered  by  a  roof 
of  corrugated  iron,  wineb.  extends  over  boUi  rows,  and  on  cast-iron 
pillara,  which  stand  on  each  side  of  the  rows  of  ricks.   The  introduction 
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of  railways  is  a  great  iuiprovrancnt,  as  it  strengthens  power  and  dispatches 
buaiueaa.   Tius  design  of  a  iarmery  possesses  much  merit 
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Plan,  No.  exhibits  all  the  houses  of  the  fannery  ranged  in  two 
having  sepanie  roofii»  with  a  longitudinal  valley  over  the  central 


rows, 
wall. 
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The  shelter  aheds  fbnn  the  inside  row  of  buildings,  and  die  nordi  wing  oi 
A11BM7,  the  Tannery  is  oompoeed  of  the  honaes  in  two  nnra  that  nsnaUy 
occupy  that  position.  A  central  road  leads  to  the  straw  bam, 
and  ahmg  it»  by  cart  or  railway,  roots  are  conveyed  to  the  yards  and  pig- 
gery, and  straws  for  litter  from  the  atraw  bam.  This  house  occapiea  the 
width  of  the  two  rows  of  buildings,  and  is  large  and  roomy :  it  receives 
the  straw  from  the  thrashing  barn,  which  stands  at  right  angles  with  it, 
and  this  position  gives  opportunity  in  the  straw  barn  of  making  any  divi- 
sions of  the  kind  of  straw.  The  ricks  of  grain  stand  in  two  rows ,  as  in  last 
plan;  the  nnthr^hed  grain  is  conveyed  along  the  railway  to  the  end  of  the 
bam,  and  is  pitched  firam  the  waggon  to  the  second  floor,  on  which  the 
machinery  is  at  work.  This  arrangement  of  the  rick-yai^  and  bams  is 
modi  the  most  convenient  of  the  designs  now  given,  or  probably  of  any 
that  may  be  devised. 

Rifl:8  oil  a  It  is  proposed  that  each  rick  of  grain  stands  on  a  square  plat- 
piaiform.  f^^^  whcels,  which  rests  on  a  short  branch  railway  at  a 

sharp  angle  of  divergence,  along  which  the  entire  rick  runs  to  the  barn  when 
it  is  wanted  to  \m  thranlied.  Any  rick  may  be  thiushcd  that  is  wanted,  as 
the  way  to  the  bam  is  wholly  unobstructed,  and  the  platiorin,  after  its  load 
is  disbardened,  is  sent  hack  to  the  position  on  the  branch  railway,  where  it 
receives  in  the  end  of  harvest  another  rick  of  grain  from  the  fields.  This 
plan  might  deserve  a  fur  trial. 

Thethrashing  of  grain  isineverycaae  performed  by  machinery, 
which  is  best  impelled  hy  the  power  of  steam.  The  absord 
prejudice  is  here  discarded  that  the  nse  of  machinery  diminishes  labonr, 
and  the  latent  barbarism  of  the  mind  is  expelled  which  continues  the 
thrashing  of  grain  by  means  of  two  sticks  tied  together,  and  employs  labour 
on  a  non-productive  point.  Machinery  increases  labour,  and  iv>rforms  the 
brutifying  parts  of  the  op^tions,  bo  faraB  the  application  is  po^Bible.  The 
thrashing  machineiy  of  every  him  is  provided  by  the  landlord  as  part  of 
4he  fixed  fnrnitnre  of  the  fium,  and  upheld  in  nse  by  the  tenant  No  fixed 
utensil  should  be  removed  by  the  change  of  oconpiers,  as  when  the 
machinery  belcmgs  to  the  fimner. 

It  has  been  proposed  to  cover  a  &rmery  wholly  under  one  roof,  like 
the  terminus  of  a  railway.  The  dung  would  be  thus  protected  from  rains 
and  scorching  suns,  and  the  ammals  will  live  under  a  uniform  temperature. 
The  roof  of  cormgated  iron  would  rest  on  cast-iron  pillars,  and  be  extended 
in  separate  tiers  along  tiic  greatest  length  of  the  farmery.  In 
^^Smt  a  exposed  situations,  hollow  cylinders  may  be  formed  in  the  con- 
uwaf  nr-  cavity  of  the  roof,  which  will  convey  the  wind  harmlessly  over 
the  buildings.  It  is  doubted  if  it  would  be  beneficial  to  ex- 
dude  ^e  influence  of  Ihe  sun  altogether  from  the  &rmery ;  the  warming 
efiiBcta  may  not  be  compensated  in  the  absence  by  the  exclusion  of  heavy 
rains.  Colds  and  currents  of  vrind  are  generated  under  lofiy  rooft,  but 
which  may  be  removed  in  this  case  by  a  dose  walling  round  tibe  farmery. 

Slates  form  the  best  covering  that  is  yet  known  for  roofs  of  houses; 
tiles  are  the  next  best  article ;  asphaltum-paper,  and  some  other  sttbsti* 
tutes  have  not  come  into  reputation. 
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Tbe  coarsest  glass  yet  made  is  too  dear  for  the  purpose  of  roofing  ;  but 
OS  there  is  a  general  tendency  to  cheapen  tha  pricee  of  articles,  and  extend 
the  sphere  of  their  use,  the  tunc  may  not  be  distant  when  roofs  are  wholly 
made  with  that  article.  A  most  notable  specimen  is  jnst  now  exhibited  in 
the  circular  roo&  of  glasB  resting  on  ronnded  rafters  of  bended  deals,  like 
the  springs  of  a  carriage,  which  stretch  the  railways  at  the  terminns  of  the 
lines.  Those  vdf^y  exertions  of  capital  and  intellect  offer  to  view  yery 
many  lessons  to  be  learned,  and  performanoes  to  be  adopted,  when  pride 
will  allow  imitation,  and  conceit  perceive  its  ignorance. 

The  aspect  and  exposure  of  farm  buildinga deserve  some  con-  jupeet  ud 
Bideration.  The  position  of  the  farmery  should  evidently  be  ^^P**""*' 
central,  but  many  hindrances  will  prevent  that  selection  of  the  site  :  as 
proximity  to  a  public  road,  a  convenience  to  water ;  and  shelter  will,  in 
many  places,  very  much  influence  the  choice  of  the  position.  The  situation 
should  be  diy,  or  osn  be  easily  made  so;  the  approach  not  difficult,  or  can 
be  made  convenient  without  any  heavy  expense.  The  exposure  should  be 
low  rather  than  high,  and  have  an  open  front,  whence  there  come  enliven- 
ing heats  and  currents  of  refreshening  air.  The  aspect  may  be  fixed 
to  the  south,  as  being  the  most  benign  quarter  of  the  heavens  in  the 
British  ides  J  the  west  is  boisterous  and  wet;  and  the  east,  though  odd  and 
dr}%  is  favoured  with  the  rising  sun ;  and  on  that  account  be-  pt-nth  ntnt 
cometj  preferable  as  a  deviation  from  the  south.  The  subjoined 
quotation  will  show  that,  even  in  the  benign  climate  of  luly,  the  proper 
aspect  of  the  farmeries  did  not  escape  the  notice  of  the  Roman  people 
**  .iSdifictum  meridianam  partem  respiciat,  in  primo  angulo  excipiens 
ortum  solis  hybemi,  et  paululum  ab  occidente  avertatur  hybemali.  Ita 
proveniet,  ut  per  hyemen  sole  illustretnr,  et  calores  ejus  SBstate  ncn  sen- 
tiat."   Pattadtui  da  Re  Rustiea,   Lib.  I.,  cap.  viii. 

The  front  of  the  buildings  being  low  in  the  walls  and  turned  to  the  east, 
the  low  auna  of  winter  will  shine  upon  the  yards ;  and  during  the  fierce 
and  scorching  heate  of  summer,  the  meridian  blaze  will  have  lost  its  power 
over  the  extent  of  the  farmery  by  reason  of  the  averted  position.  Tlie  best 
aspect  ranges  from  west  to  east,  and  Uie  intermediate  points  will  accom- 
modate almost  any  situations  in  Britain. 

Oottsges  or  dwelling-houses  for  labourers,  are  an  object  of  ^ 
very  grest  importance,  and  form  a  point  of  much  consideration.  **'*^ 
Labour  is  the  source  of  every  gain ;  and  it  is  most  just  and  equitable  that 
wealth,  which  is  the  accnnmlation  of  labour,  be  used  in  providing  comfort 
and  competence  to  the  springs  of  its  existence.  But  the  very  slow  and 
gradual  upward  progress  of  the  social  8}  steiii  has  not  yet  brought  labour 
and  the  actors  of  it  into  the  proper  degree  oi  the  verv  just  estimation ;  and 
the  condition  of  labour  yet  rests  almost  wholly  dependent  on  the  benevo- 
lence of  the  wealth  of  the  upper  grades  of  society  ,*  and  that  power  never 
can  be  more  beneficially  or  agreeably  employed  than  in  afibvding  ooukfort 
to  its  fellow-creatures. 

The  present  accommodation  of  the  agricultural  labourers  forms  a  very 
great  blot  on  the  rapidly  improving  social  economy  of  the  inresent  day. 
Till  of  late  years  the  hovels  of  the  working  class  never  atttacted  any 
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notice,  large  families  being  coufmeii  iu  a  »iugle  apartmeiit  of  sixteen  feet 
square,  where  the  common  decencies  of  life  cannot  be  preserved.  The  pro- 
miscuouB  interconise  of  age  and  sex  at  all  times  and  on  every  occasion 
violates  the  feelings  of  propriety  and  decorum,  and  engenders  immorality 
that  is  seldom  forgotten  during  the  after-life.  Filth  and  stench  abound 
Dciiciencias  where  cooking  and  sleeping  are  done  in  conjunction,  and  the 
of  them.  yjj^ijj  being  low,  a  foul  air  is  constantly  respired,  and  the  very 
healthy  enjojTnent  is  denied  of  breathing  in  a  latere  volume  of  the  sur- 
rounding atmosphere.  Such  dwellings  reseniLle  tlie  fitalls  of  a  stable, 
wliere  the  animal  performs  all  the  functions  of  life  in  one  apartment  A 
house  with  one  door  for  ingress  and  egress  of  every  article  never  can  be 
clean,  and  will  be  very  deficient  in  ventilation  from  the  want  of  a  current 
of  air  that  is  produced  by  openings  in  the  opposite  sides  of  a  house. 

These  very  glaring  deficiencies  are  now  being  noticed,  and  the  remedies 
suggested  and  applied.  The  decent  separation  of  age  and  sex  is  the  first 
step  in  the  arrangements  of  civilization  amonic  human  beings  that  are 
located  in  permanent  dwdlings.  This  very  obvious  truth  requires  that 
any  human  dwelling  consists  of  at  least  two  apartments  on  the  ground  floor. 
The  same  necessity  of  hej)aratiou  demand?  that  tlie  sitting  and  sleepinc^ 
apartments  be  distinct ;  ami  experienee  has  shown  that  bedrooms  are  much 
more  dry  and  comfortable  when  placed  ou  a  second  floor  from  the  ground : 
hence,  every  cottage  must  have  a  second  floor. 

Improve.  ^*  would  be  a  very  useless  undertaking  to  make  dwellings  be- 
"  Miui  yoDd  the  means  of  being  supported,  or  to  raise  expectations 
*^  beyond  the  power  of  being  realized.   The  present  ideas  must 

only  lead  a  step  in  the  progress,  and  point  the  way  to  a  further  advance- 
ment; the  conditions  of  the  social  arrangement  must  always  he  considered, 
and  the  upward  progross  must  he  ahead  rather  than  behind  the  state  of  the 
system.  The  present  state  of  things  will  suffieiently  warrant  the  essential 
requisites  of  a  labourer's  cottage,  that  every  habitation  have  two  apart- 
ments on.  the  ground,  of  which  one  serves  for  the  sitting  and  cooking  de- 
partment, and  the  other  for  better  purposes  and  occasions,  that  the  bedrooms 
StatocL  "'^  placed  on  a  second  floor  of  joists  and  boards,  and  that  there 
be  some  small  back  buildings  as  minor  accommodations  for  the 
purpose  of  works  that  would  incommode  the  dwelling,  and  also  to  conceal 
arUdes  that  never  should  he  eeen.  These  principles^  in  three  requisites, 
form  the  baais  of  the  following  details,  in  whidi  are  implied  the  cottage 
having  a  door  in  front,  and  another  opening  backwards,  and  a  height'  of 
wall  that  admits  a  large  volume  of  air  to  traverse  the  habitation. 

Subjoined  are  the  plans  of  three  cottage  dAvellings  that  are  arranged  on 
the  above  principles,  and  which  are  not  attended  with  any  unsuitable 
decorations  or  a  laviidi  expenditure. 

Plan,  No.  1.  ^  cottage,  No.  1,  is  a  single  dwelling  for  one  family, 

with  the  proposed  accommodations.  The  ground  floor  contains 
two  rooms  with  opposite  fire-places,  and  the  stair  rises  firom  the  kitchen  to 
the  second  floor.  A  porch  in  front  breaks  the  uniformity  of  bare  walls, 
and  alSbrds  some  little  inside  room.  The  walls  of  the  cottage  are  14  feet 
high,  leaving  10  feet  for  the  height  of  the  ground  floor,  and  4  feet  to  the 
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sleeping  floor,  wliich  is  placed  in  the  roof  in  the  remaining  lieight  to  make 
apartmenta.  The  windows  are  in  the  rooL  The  second  floor  is  divided 
into  three  bed  rooms,  as  shown  in  the  plan.  The  haxk  area  contains  small 
Iraildings  as  lean-tos  on  a  surroimding  wall  of  8  feet  high,  in  s  privy, 
ash-house,  wash-house,  fuel-house,  poultry-house,  and  pig-sty.  The  con- 
tents of  the  privy  and  wash-house  pass  into  the  ash-pit,  and  fonn  a  good 
mixed  manure  for  the  surrounding  garden,  which  contains  |  or  ^  parts 
of  an  acre.  This  appendage  is  most  necessary  to  the  cottjigo  for  iri-owing 
vegetables,  and  to  afford  m  agreeable  recreation  to  the  cares  and  toik 
of  life. 

3  H 
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Plan,  No.  2,  shows  two  cottac^o?  that  are  joined  lori  n^itiidmally, 
and  have  the  eadtj  for  front.  The  porch  is  m  the  hi  le  <  f  the 
boose,  and  enieis  tibioiigli  the  garden.  The  accommodatioTi  and  arrange- 
ment  are  tlie  same  as  in  last  dedgn,  and  the  hack  area  has  tlie  same  small 
buldings.  The  garden  sntTonnds  the  cottages,  and  a  road  leads  to  eaeh 
dwelling  thnnigh  the  garden. 
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Plan,  No.  3,  sho^ra  ilie  design  of  a  single  cottage,  with  the 
ponltiy-honae  placed  under  the  roof  of  the  dwelling,  and  be- 
twixt the  fii«s,  of  which  the  heat  will  convey  a  very  agreeable  warmth  to 
the  animale.  This  provision  will  largely  contribute  to  tho  laying  of  eggs 
and  the  hatdiiniE^  of  kons  tliroughont  the  year.  The  other  accommo* 
dations  are  similar  to  the  last  plans. 

Tiie  entire  site  of  the  cottages  is  excavated  to  the  depth  of  two  feet, 
whicli  ia  filled  with  stones  of  the  convenient  size  and  flatness  to  form  the 
foundation  of  the  building;  and  below  the  brick  floor  of  each  apartment 
there  is  one  foot  in  deptii  of  broken  stones,  which  will  render  the  cottage 
very  dry  underneath. 
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jg^^  The  cost  of  the  smgle  cottages  In  each  dweUing  will  vary 
from  £80  to  £100,  accordiiig  to  dronmstances,  and  the  two 
that  are  joined  will  cost  about  £1^.  • 
Groups  of  Oroups  of  cottagGs  have  been  devised— aqriare,  circular,  and 
cottagM.  polygonal,  and  containing  six  to  twelve  d-welUngs  in  one  con- 
gregation, with  a  garden  attached  to  each  habitation,  and  having  a  pump 
of  water  and  a  bakery  to  Berve  the  whole  of  the  families  that  dwell  in  the 
house.  But  lazy  asBemblagea  are  credited,  and  much  idle  gossiping  is  en- 
couraged ;  and  it  is  preferred  tu  have  not  more  than  two  cottages  in  con- 
nexiou,  and  the  fronts  averted  £rom  any  dose  communication  of  business. 
The  gardens  are  best  when  closely  joined  to  the  dwdlings,  both  for  plea- 
sure and  usefulness. 

For  a  variety  of  choice  and  selection  on  the  subject  of  fiurmeries  and 
cottages,  the  reader  is  referred  to  "  J)onald8on*$  Improved  Farm  Build- 
Books  of  w»5«>"  «id  "Jkiigm  of  Oottage$/*  by  the  same  author.  This 
reference,  ^ork  may  be  had  of  the  publisher  of  this  book.  The  book  of 
farmeries  contains  designs  for  farms  of  50  to  1000  acres — sqnare,  circular, 
and  polygonal,  and  embracing  much  variety  of  design.  Farriicr'.s  houses 
accompany  the  farmeries,  and  also  a  number  of  cottages.  The  book  of  -iO 
designs  of  cottages  comprehends  these  habitations  only,  and  exhibits  a  large 
and  useful  variety  of  design  and  iavention. 

The  cost  of  the  erection  of  farm  buildings  varies  from  two  to  five  years* 
rent  of  the  land ;  the  calculation  being  liable  to  the  usual  variations  by  dr- 
cnmstances  that  affect  all  such  arrangements.  Employers  very  much  neg- 
lect their  own  interest  who  omit  the  provision  of  affording  the  labourer 
pleasure  after  pain,  and  of  giving  some  little  solace  to  the  cares  of  poverty 
Vtmotr  of  commodious  lodging  is  equdty  reqmred  with  the 

oomftwMia  payment  of  the  wages  of  labour,  as  without  it  the  value  does 
not  appear,  nor  is  the  depire  properly  excited  to  the  future  de- 
velopment. The  spirit  sinks  when  ibe  relish  is  withheld  of  enjoying  the 
hard-earned  rewards  of  toil,  liowcver  small  tlioy  may  be,  and  no  earnest- 
ness can  be  reasonably  expected,  nor  can  any  aiixiety  be  manifested,  when 
the  small  indulgence  is  denied  the  labourer  of  having  a  comfortable 
fireside  and  a  warm  bed  in  which  to  recruit  the  body  and  refresh  the  spirits 
for  the  coming  exertions.  Negligence  and  inconvenience  aggravate 
the  filth  of  poverty,  and  pat  to  flight  every  idea  of  living  in  the  vicinity. 
VaiMif  ixwt  Land-owners  lose  the  value  of  their  property  by  not  pro- 
vmt  viding  the  ample  fixed  apr  :  1ages  of  the  farm  on  which  the 
tenant  uses  his  floating  capital,  and  the  labourer  exerts  his  share 
in  the  bodily  performances.  In  the  former  case  he  loses  the  present 
value,  and  in  the  latter  he  fail.s  to  obtain  tlie  attachment  and  esteem  of  the 
ground-work  of  society,  on  which  the  whole  superstructure  leans  for  sup- 
port. It  is  only  to  be  got  by  just  rewards  and  kind  treatment,  and  must 
not  be  neglected  if  the  higher  grade  of  existence  be  contemplated  to 
endure. 
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CHAPTER  V. 

LAYING  OUT  FAKMS,  BOADS,  F£NCES, 
Ain)  GATE& 

In  old  inhabited,  thiddy  peopled,  and  highly  improyed  countries  as 
Oreat  Britain  now  presents  in  the  cultivable  surface,  no  opportunities 

oconr,  except  in  the  few  cases  of  enclosing  large  commons,  of  making  an 
original  formation  of  farms.    The  form  should  be  as  compact  as  ])Ossible 
from  the  attending  circumstances,  for  time  is  saved  in  the  til-    podtion of 
lage,  the  expenses  are  lessened  in  several  ways,  and  the  super- 
intendence  is  rendered  more  easy ;  the  boundaries  should  be  as  straight  aa 
can  be  obtained,  and  curved  only  to  suit  the  bends  and  sinuodities  of  the 
enrface  of  the  ground.  The  courses  of  rivers  and  of  large  brooks  of 
water,  the  line  of  roads  that  are  drawn  for  public  use,  the  access  to 
water,  and  the  provision  of  shelter,  will  all  be  entitled  to  due  considera- 
tion, and  must  have  much  weight  in  determining  the  division  of  land  into 
fields,  the  size  of  the  enclosures,  and  the  exposure  of  the  grounds.  A  va- 
riety of  soils  will  alBO  happen  to  disturb  a  regular  uniformity ;  it  is  very 
highly  elfgihie  to  join  with  clay  lands  a  portion  of  turnip  soils, 
and  these  again  must  he  divided  by  the  fences  of  the  farm  in 
order  that  the  mme  field  may  not  undergo  two  processes  of  cultivation, 
nor  produce  crops  of  diilcrent  kinds.    It  is  convenient,  when  a  public  road 
intersects  or  runs  along  some  part  of  a  farm  of  land,  when  the  access  is 
convenient  to  Ihe  business  of  the  occupation,  and  the  road  may  very 
beneficially  form  the  boundary  of  two  contiguous  fiurms.   Rivers,  roads, 
pkntationB,  and  stripes  of  trees  constitute  the  divisions  of  lands  in  culti- 
vation, as  the  passage  is  generally  troublesome,  and  the  distance  inconve- 
nient  High  and  low  grounds  are  often  required  to  be  joined  in  the 
occupation,  in  order  to  attach  grazing  grounds  with  arable  lan<is,  and 
to  afford  the  shelter  of  the  valley  to  the  exposure  of  the  hills.  Many 
variations  must  have  attention,  and  much  consideration  and  wfit^bing  of 
circumstances  arc  deserved  by  the  very  important  purpose  ol'  allotting 
grounds  for  the  convenient  and  effectual  cultivation. 

Pew  or  no  general  rules  can  be  laid  dov.Ti  viUh  respect  to  the  size  of 
farms.    In  practice  the  size  of  farms  must  be  made  to  suit      siu  vciy 
the  demand,  the  condition  of  the  tenantry,  and  other  drcum-  ^f**^ 
stances. 

In  the  vicinity  of  towns,  the  quantity  of  lands  will  tend  to  be  small  in 
the  single  occupationa  The  cultivation  is  market-gardening  rather  than 
iinrming,  and  the  demand  is  for  articles,  in  the  raising,  transport,  and  dis- 
posal of  which  a  minute  care  is  necessary.  The  rent  is  high,  which 
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represBee  the  size  of  the  ext* nts  of  land,  as  the  articles  eell  duurly,  the 
Ncamtinhui  ^^^^  ready,  maiiure  is  at  command,  the  produce  m  quick 
in  euccefisioQj  and  a  smaller  capital  is  req^uired.  But  when  land 
is  removed  firom  a  oonT^ient.  distance  from  towns  or  marts  of  small 
quantities  of  produoe,  which  are  sold  in  retail,  the  rent  will  be  very  mnch 
less,  and  the  management  will  be  oondncted  vaidst  very  different  drcnm- 
stances;  the  prodnoe  will  he  chiefly  in  grain  and  live  stock,  which  will  be 
more  cheaply  produced,  and  sold  in  considerable  quantity. 

One  very  general  rule  may  be  stated,  that  no  fann  of  lands  shall  be  less 
than  employs  one  plough  with  two  horses  to  perform  the  yearly  lahonr. 
This  quantity  will  he  forty  or  fifty  acres,  as  the  soil  may  he  clay  or  turaip 
land.  Below  that  extent  the  condition  of  a  tonant  of  land  descends  to 
the  common  labourer,  and  even  that  quantity  does  not  raise  the  occupier 
above  the  servile  employment  of  bodily  labour,  us  the  quantity  of  capi- 
tal that  is  used  csmnot  command  a  proht  that  is  guiileient  to  maintain  an 
idleness.  The  quality  of  the  soil,  the  opnlenoe  of  the  district,  and  the 
benignity  of  climate,  and  the  geographical  position,  will  very  mnch  deter- 
Geoeniniie.         ^®  farms;  and  while  no  doubt  can  exist,  of  the 

general  superiority  of  farms  of  sufficient  magnitude,  it  is  not 
by  any  means  advocated,  that  the  size  of  farms  must  be  increased  and  in- 
definitely, either  for  the  individual  interest  of  the  land-owner,  or  for  the 
public  benefit.  It  is  quite  certain,  that  the  example  of  beneficial  improve- 
ments has  always  been  sot  by  extensive  farmers,  who  are  persons  of  capi- 
tal and  education,  and  enjoy  a  station  that  places  them  above  vnls^?^^  p^'e- 
judices  and  local  conceit.  But  a  variety  in  the  extent  of  farms  ie  suited 
to  the  variety  of  demand,  which  is  generally  greatest  for  Bmall  possessions ; 
and  landlords  often  do  not  much  heed  these  regulations,  pruvided  a  good 
rent  is  conveniently  obtained.  The  spirit  and  enterprize  of  the  larger 
farmer  are  often  outweighed  by  the  greater  frugality  and  attentive  detail 
of  the  smaller  tenant;  and  the  compensation  is  often  surprising  when  the 
disadvantages  are  considered  under  which  the  smaller  tenant  labours. 

The  dimenraons  of  farms  are  frequently  increat^ed  from  large  extents 
requiring  less  expenditure  for  buildings  and  enclosures  than  small  pos- 
y^.^  ftfim  ^^^^^^^^  *  there  is  danger  by  so  doing  in  placing  the  lands 
b«^yond  the  reach  of  ^h  "-  farmers  around.  A  continued  exten- 
sion of  this  kind  may  place  p  i  rti  .lar  farms  beyond  the  reach  of  the 
common  capital  of  farmers,  and  tlie  demand  may  be  very  much  lessened 
when  tiiey  are  brought  into  the  public  market. 

Pastoral  or  hill  grasing  farms  must  be  extensive  because  a  large  sur- 
&ce  is  necessary  to  yield  a  good  return,  and  diffisrent  animalB  require  to 
be  kept  on  the  grounds,  which  cannot  be  done  without  sufficient  space. 
The  euqpense  is  leas  in  managing  these  large  congregations;  a  greater 
number  of  animals  can  be  bought  and  sold  at  a  time,  and  few  or  many 
ahepherds  are  equally  capable  of  b«ng  managed,  and  of  bestowing  ^tuit 
superintendence. 

The  tendency  of  farms  to  increase  in  size,  shows  the  improving  con- 
dition of  a  tenantry  a&d  a  sub-division  of  lands  implies  a  declining 
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condition,  or  a  defective  ccnmexbn  between  tihem  and  the  land-ownen ; 
capital  is  shown  to  be  wanting  for  the  purpose  of  cnltirationy  oooditba  or 
and  the  tenantry  to  descend  into  a  worse  condition.  A  regolarly 
fOTitimed  progress  of  sub-diviBion  of  lands  will  niin  any  coun-  oMitthtt 

try,  as  is  seen  m  the  case  of  France,  on  the  score  or  ownership ; 
and  in  tenancy,  in  a  great  part  of  Scotland,  in  many  remote  districts  of 
England  and  Wales,  and  over  the  whole  kingdom  of  Ireland.    Such  a 
state  of  things  is  most  pecuiiariy  unfavourable  to  the  progress  of  agricul- 
ture ;  and  the  increase  of  the  tens  in  size  will  he  the  first  symptom  of 
revival,  for  it  will  show  that  funds  have  begun  to  be  acquired,  and  that « 
superior  dass  of  tenantry  will  be  established.  Every  progress  ^^^^ 
of  agriculture  has  increased  the  extent  of  the  holdings  of  land,  ^ 
and  if  ever  the  tenantry  of  Ireland  rise  above  their  present 
condition  of  starved  and  ill-requited  labourers,  the  existing  possessions  of 
land  must  be  formed  into  extents  that  can  be  cultivated  with  efTect.  Snch 
changes  are  gradual,  and  require  much  time;  the  evil  has  been  extending 
for  generations,  and  as  many  more  may  pass  away  before  a  suitable  allot- 
ment is  seen  of  the  land  for  cultivation,  and  the  substitution  of  a  clasa  of 
spirited  and  independent  yeomanry  for  the  present  unfortunate  occupants 
of  the  cabin  and  the  bog. 

Roads  are  artificial  pathways  formed  on  the  surfisuse  of  the  earth  for  the 
transport  of  heavy  bodies,  and  as  the  natural  ground  is  soft  and  ^^^^ 
yielding,  it  becomes  necessary  to  protect  the  tracks  irom  pres- 
sure  and  attrition  by  a  covering  of  some  harder  matter,  as  pavement,  small 
stones,  or  grav^  The  first  artide  is  costly,  and  not  to  be  found  in  many 
places ;  gravels  are  worn  round  by  the  action  of  water,  and  the  small  peb- 
bles never  bind  together  to  form  a  compact  bed  of  road,  and  consequently 
stones  "broken  small  by  the  hand-hammer,  which  are  got  from  a 
quarry  or  from  surface  stones,  are  the  most  useful  materials  in 
the  making  of  roads.  The  disunited  fragments  present  many  angular 
points,  which  when  acted  upon  by  presBure,  are  fitted  into  the  alternate 
shapes,  and  become  almost  a  solid  mass  of  small  particles  possessing  a 
broken  continuity.  These  angular  points  are  wanting  in  gravels,  which 
require  to  be  broken  by  hammer,  and  even  then  the  remaining  round  side 
prevents  the  junction  so  well  as  in  quarried  materials.  Hence  stones  of 
any  hard  kind  have  been  long  established  as  the  most  suitable  materials 
for  making  roads,  and  broken  to  the  size  of  passing  through  a  ring  of  two 
inches  in  diameter. 

The  direction  of  roads  is  an  object  of  very  great  importance,  -wbetber 
tlr^  line  be  a  public  thorouglifare,  or  a  cross-road  of  commtmication,  or 
a  private  farm  outlet.  The  inclination  of  the  surface,  and  the  hardness, 
smoothness,  and  durability  of  the  covering,  constitute  the  chief  propertiea 
of  a  road,  the  highest  of  whicb  is  a  plane  with  a  surface  resist- 
ing the  pressure  of  bodies,  and  opposing  the  least  resistuice  to 
their  motion.  Steep  aoclivitieB  must  be  avoided  in  the  direction  of  roads, 
when  high  grounds  cannot  be  ascended  by  a  rise  of  one  foot  of  slope  to 
thirty-five  of  base,  and  from  that  figure  to  fifty,  the  line  of  road  must  be 
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diverted  round  the  hill,  and  to  skirt  the  base  of  the  high  c^roimd,  risiiig  or 
deBCending  in  its  course,  according  as  the  object  to  which  it 
leads  is  situated  above  or  below  the  level  whence  the  road  com- 
mences. A  circuitous  line  u  certainly  produced  in  thie  way,  but  it  is 
unavoidabley  as  tiie  lulls  caimot  be  climbed,  uor  deep  valHes  crossed  ivith- 
oiifc  an  orerwhehning  inconvemeiice.  The  vallies  that  interaect  a  oonntry 
are  to  he  crossed  by  roads  at  the  narrowest  point  whidi  can  he  approached, 
when  a  bridge  will  be  generally  necessary.  The  catting  of  the  upper  side  of 
^^^^  a  road  that  skirts  tlie  aide  of  high  grounds,  very  conyeniently 
affords  the  materials  for  embanking  the  lower  side,  and  the 
expense  is  lees  than  when  a  road  is  made  on  a  level  plain,  where  the  whole 
foi-mation  is  made  of  raised  materials.  This  line  of  a  road  affords  a  drier 
bed  generally  than  when  the  direetion  lies  along  low  grounds,  which  may 
be  wet  and  Bwarnpy,  and  exposed  to  inundations.  A  ditch  along  the  liigh 
side  of  the  road  intercepts  the  waters  from  the  high  grounds,  and  convey 8 
it  to  titone  culverts  which  cross  the  road  at  the  proper  placeB  for  disciiarge. 

In  every  case  where  the  advantage  can  be  obtained,  the  hard  materialB 
that  compose  a  road,  shoold  be  laid  npon  the  grass  tnrf,  as  it  presents  a 
Gnx^s  turf  ^^'^^  matted  snrlace  which  resists  the  pressure,  and  pre* 
tb^i  est  bot-  vents  the  broken  stones  from  sinking  into  soft  ground.  But 
when  excavations  are  made,  and  embankments  formed  for  the 
passage  of  a  road,  that  advantage  is  not  got,  and  the  materials  are  com- 
pelled t9  be  laid  on  the  newly-formed  bed  of  fresh  eartha,  which  are 
mostly  soft,  and  yield  to  the  pressure.  In  that  caee,  the  hardest  and 
driest  materials  that  can  be  got,  are  selected  and  laid  in  an  even  surface 
below  the  track  of  the  road  and  broken  to  a  small  size.  Over  it  is  laid 
a  body  of  broken  stones,  which  were  before  mentioned,  in  the  depth  of 
twelve  inches,  and  width  of  twenty  feet;  and  this  Bpace  ii>  bounded  on 
each  side  by  a  sloping  ^und  of  twelve  to  fifteen  feet  rea<^ing  to  the 
side  ditdbes  which  run  along  the  front  of  the  boundary  fence.  This  width 
yfj^      of  sixty  feet  is  not  beyond  the  use  of  a  public  thorough&re; 

and  the  hard  materials  of  twenty  feet  in  width,  allow  the  car- 
riages to  change  the  tracks,  and  not  to  follow,  as  in  narrow  roads,  the 
same  path  of  wheeb,  which  is  a  most  pernicious  accompaniment  of  a  con- 
fined space,  and  very  soon  destroys  the  consistency  of  the  road.  Convex 
roads,  or  ha\ang  a  high  centre  with  sloping  sides,  are  discontinued  from 
an  excess  of  the  method  of  formation,  but  as  much  convexity  is  eligible 
as  \sdll  throw  the  water  to  the  side  ditches.  Ivoads  rnnst  be  kept  dry,  and 
DrMningof  where  wet  grounds  must  be  passed,  drains  are  necessary  to  be 
placed  below  the  road  in  three  longitudinal  cavities  filled  with 
broken  stones,  one  in  the  centre  of  the  road,  and  the  others  at  the  division 
of  the  hard  materials  with  the  sloping  sides  of  earth.  Cross  drains  are 
necessary  in  the  hollow  pkces,  to  convey  the  water  to  the  side  ditches. 

The  most  public  roads  are  turnpike  trusts,  vrith  which  the  land-owner 
has  only  a  small  joint  concern,  and  over  which  his  property  control  does 
not  extend ;  but  the  private  roads  are  his  jurisdiction,  joindy  or  singly ; 
and  the  roads  on  his  fsrm  are  exclusively  his  undivided  patrimony  and 
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empIo}TneMt,  and  deserve  an  especial  attention.  When  money  is  collected 
from  the  farmers  by  a  rateage,  and  applied  in  the  making  and  repairs  of 
roads  ol  a  general  use,  some  competent  person  must  be  appointed  as  the 
peniuuLeiLt  overseer,  wlio  sliall  employ  labour  and  collect  materuds,  at  the 
times  and  places,  whicli  shall  a^^pear  to  be  most  eligible  and-  generally 
benefidaL  The  custom  is  not  yet  abandoned  of  the  farmers  serving  in 
the  yearly  rotation  as  overseers  of  parish  roads,  and  of  bestowing  so  low 
a  minimum  of  attention  as  scarcely  ever  to  see  tlie  ob|ect  of  their  Santjitt- 
care.  The  tenure  of  office  is  far  too  short  to  allow  any  ideas 
on  the  subject,  and  as  it  miiBt  occupy  some  time,  less  or  more,  an  utter 
carelessness  is  evinced  towardH  an  object  of  tlie  most  primary  attention. 
These  district  and  parish  roads  are  the  first  divergence  from  the  main 
trunks,  or  parliamoutary  trusts;  they  are  the  arteries,  aud  the  farm  or 
private  roads  form  the  veins  of  the  ramified  intersection  of  a  conntry  by 
the  means  of  communication.  The  parish  roads  may  be  one-<hird  below 
the  width  of  the  turnpike  lines,  and  the  farm  roads  may  be  one-fourth 
narrower  than  the  district  tracks,  making  the  breadths  to  be  forty  feet  and 
thirty  feet  respectively.  The  first  extent  will  be  divided  into  aazteen 
feet  of  hard  materials  in  the  centre,  with  twelve  feet  of  sloping  ground 
on  each  side,  and  the  farm  road  will  br>  fourteen  feet  in  the  centre  of  bro- 
ken stones,  and  eight  feet  in  the  sides  of  sloping  surface.  These  widths 
will  he  sufficient  for  all  ordinary  purposes. 

All  roadi  must  join  each  other  at  right  angles,  with  an  arc  or  circular 
sweep  on  each  side  of  the  juuctiou,  in  order  to  indulge  the  constant  ten- 
dency of  animals  and  carriages  to  turn  in  the  intended  direction  before 
the  whole  equipment  has  reached  the  road  that  has  been  juncUoa  or 
approached.   Ample  room  is  better  than  pillars  or  railings 
placed  at  these  points,  as  the  carriages  run  against  the  securities  in  a  con- 
fined passage,  and  break  the  outposts  of  safety.    A  strong  railing  is 
recommended  on  the  extreme  edge  of  the  circular  sweep,  after  a  very  ample 
ground  has  been  allowed  to  render  the  use  of  it  very  seldom  required. 
Parish  and  district  roads  have  the  same  object  in  view  as  the  main  trunks, 
to  rcacii  f  ho  point  of  attention  in  the  most  convenient  and  eligible  manner  : 
the  location  of  farm  roads  is  directed  hy  the  position  of  the  p>lv«i» 
farmery,  the  formation  of  the  iuterveniug  grounds,  and  to  aflord 
access  to  the  adjoining  fields  of  land.    The  square  or  parallelogram 
form  of  fields  must  be  preserved,  if  at  all  possible ;  if  beyond  the  reach, 
then  a  bended  or  curvilinear  shape  must  be  preferred  to  a  polygonal  cir- 
cumference of  comers  and  abutments.  In  other  cases,  two  sides,  or  one 
side,  of  a  field,  may  possibly  be  got  in  a  straight — and  the  others  will  be 
directed  by  the  adjoining  lines  of  road,  or  formations  of  the  ground*  It 
is  best  when  each  field  of  land  opens  into  a  hard  road,  and  which  prevents 
the  travelling  over  the  soft  surface  of  any  field  in  order  to  reach  the  other 
beyond  it,  which  is  often  very  inconvenient.    For  this  purj>ose,  the  breadth 
of  two  fields  must  intervene  between  two  roads,  and  when  this  arrangement 
cannot  be  obtained,  the  headlands  of  the  field  that  adjoins  the  Between 
road,  miibt  be  made  into  a  road,  and  kept  for  that  use.    There  flli^*** 


946 


OS  LANDED  PBOPEBTr. 


is  a  greater  nocesuity  that  straight  lines  be  preserved  in  tho  placing 
of  farm  roads  than  in  the  direction  of  the  main  tnmkfl ;  the  latter 
have  only  one  object  in  view,  while  the  private  pnipoees  hove  several 
contemplationB.  Still  the  roads  may  be  located  in  places  snch  as  are  found 
to  be  lovr  gronndsy  and  «t  soch  distaaoee  as  will  shape  the  fidds  in  tiho 
oblong  direction,  along  the  line  of  the  private  road,  or  stretdung  acroea 
between  tbe  two  roads.  The  equal  size  of  fields  of  land  is  also  to  be  pre- 
served fl8  imich  m  possiWo;  and  tho  best  experience  has  fixed  the  size  of 
twenty  acres,  or  varying  from  fifteou  to  thirty,  as  tlie  ina&t  suitable  extent 
of  divided  lands,  for  the  purposes  of  arable  or  gra^dug  husbandry.  Small 
enclosures  create  too  many  fences  and  gates,  and  incur  an  expense  in  the 
upholding  and  repair;  and  large  fidds  are  in  many  instances  much 
s«adjraccen  ^^P***®^  shelter,  and  require  too  large  a  nnmber 

of  animals  for  the  pasturage,  and  small  flocks  of  beasts  always 
thrive  best.  The  access  to  wuter  will  have  much  influence  in  determining 
the  exttuit  and  position  of  fields,  and  the  most  essential  article  may  be 
procured  by  forming  a  pond  in  tlu;  lowest  ground,  by  boring  as  a  well, 
or  by  bringing  the  water  from  one  pbice  to  another  in  a  rill,  in  a  covered 
drain,  or  in  metallic  pipes.  In  the  latter  case,  a  trough  being  placed 
across  a  subdivision  fence,  will  supply  two  fielcte,  and  when  the  grounds 
are  very  high  in  the  position,  the  pasture  must  be  used  by  sheep,  which 
require  little  or  none  of  the  element  of  water  for  the  organized  develop- 
ment. The  shape  of  fields  must  not  depart  far  from  the  sqnare  form,  or 
the  grounds  will  become  formed  into  a  number  of  longitudinal  slips,  that 
(jgi^cKg  (0  are  both  unsightly  and  inconvoment.  Corners  are  in  all  ca^sea 
bepteatea.  avoided;  but  wdien  the  situations  are  unavoidable,  the  nar- 

row angle  must  be  planted  with  trees,  and  thus  make  a  straight  fence  of 
the  field.  The  junction  of  roads,  as  was  before  mentioned,  must  be  at 
right  angles  which  will  direct  the  joining  of  the  fields  to  be  in  the  same 
position  in  all  cases  of  a  oontigfuity. 

It  may  be  very  safely  affirmed  that  the  making  of  roads  as 
frinHtqr      convenient  lines  of  communication  are  the  first  improvements 

to  be  done  in  any  country,  and  the  keeping  of  the  tracks  in  a 
sufficient  repair,  is  a  point  of  little  less  importance  than  the  original  for- 
mation. 'When  roads  are  in  bad  repair,  the  wheel  carriages  are  broken,  the 
animals  of  draught  are  distressed,  and  small  loads  are  transported;  cir- 
cumstances which  operate  against  the  prosperity  of  agrioultaral  under- 
takings. The  landowner  has  the  power  of  enforcing  the  proper  condition 
of  ti^  parish  roads,  and  the  tracks  for  hrm  purposes  are  wholly  and 
absolutdy  his  own  performance.  Ko  fixed  appendage  of  the  farm  poBseeaes 
a  higher  useful  value  than  an  ample  sufficiency  of  well-made  roads,  nor  will 
any  enlightened  practical  man  neglect  to  examine  and  estimate  the  con- 
venience which  his  floating  capital  will  enjoy  in  that  respect :  he  will  use 
his  judgment  in  comparmg  the  advantages  which  are  presented  by  different 
g7e«tvaia«  sitoations,  and  make  his  choice  by  the  greatest  number  of 
toaiv  am.  that  are  offered  for  the  employment  of  his  mosey  and 

his  time.   The  approach  to  the  main  tmnks  of  communication  is  the  first 
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attention,  and  then  1h»  aooeas  to  each  field  from  the  &rmery,  wKidk  ib  the 
foctis  of  the  whole  moivementB.  The  finest  favmery  that  can  be  deviaed 
and  erected,  may  be  rendered  of  small  ntility  when  the  application  of  its 
merits  is  withheld  by  the  want  of  the  ways  of  traiSc  ;  when  the  k^ads  must 
be  restricted  in  weight,  and  the  frequency  of  the  transits  is  limited. 
Practical  men  know  fall  well  the  drawback  of  these  prohibitions,  and  will 
not  fail  to  place  them  on  the  proper  side  of  the  accotmt  in  reckoning  the 
sum  of  the  intended  offer  for  land  to  be  need  in  cultivation.  It  becomes 
the  interest,  and  also  the  duty  of  the  landowner,  to  hare  the  Aiwaja 
farms  of  land  miobjectionably  provided  with  convenient  and  "oiiiMid. 
well-made  roads,  as  well  as  with  biiildings  for  habitationa.  The  means  of 
transit  must  be  very  ample  and  ready,  and  no  want  muat  appear  that  can 
hinder  the  full  per  ceutage  being  given  to  the  owner  of  the  soil  for  the 
interest  be  has  purchased  in  it,  from  allowing  the  floating  capital  of  the 
tenant  the  beneficial  and  prosperous  opportn^fy  of  use,  and  from  employ, 
ing  and  maintaining  lahonr,  which  is  the  paramount  and  overruling  con- 
sideration of  every  object  and  design.  Any  neglect  on  these  points  baffles 
the  fulfilment  of  the  intended  pnrpoee/aod  destn^  the  arrangement  of 
the  joint  performances. 

The  maintenance  of  farm  roads  in  the  proper  repair  devnlvea  on  the 
farmer,  who  must  support  the  bed  of  hard  materials,  and  keep  mttAr 
the  side  ditches  clear  aa  currents  for  water.  This  charge  is  indupemrtto 
seldom  expensive ;  the  field  stones  that  are  peiiodicaUy  gathered,  serve  as 
broken  miiAerials,  and  the  earthy  flconringsof  the  side  ditdies  are  generally 
useful  in  compost  with  lime  for  making  a  manure  of  very  connderable 
value.  The  ilsurmer's  own  interest  must  eveir  induce  him  to  perform  these 
operations.  The  smoothness  of  roads  for  his  carts  and  horses,  and  soaked 
earths  for  manure,  are  worth  the  attention  of  ev^  cultivator  that  deserves 
the  appellation. 

Fences  are  barriers  raised  betwixt  the  fields  of  land  for  the  purpose  of 
protecting  the  crops  that  are  <^^rowing  in  an  enclosure  from  injury  done  by 
the  animals  which  are  grazing  in  the  adjoining  aivision.  They  also  serve 
the  purpose  of  separating  the  flocks  of  animals,  and  enable  the  production 
of  different  plants  and  crops  in  the  required  divisions  without  any  mixtnre 
or  confusion.  Lowland  arable  farms  require  to  be  closely  and 
permanently  subdivided  by  lasting  boundaries,  while  upland 
farms  and  hill  grazings  arc  only  provided  with  a  general  fence  which 
surrounds  the  whole  farm,  so  as  to  protect  the  grounds,  and  save  the  sheep 
and  other  animals  from  disturbance.  Large  flocks  of  mountain  sheep  do 
not  re(j[uire  any  minute  subdivision,  but  are  spread  over  an  extensive  range 
of  snr&ce.  Lower  pastures  that  have  some  tillage  lands,  are  divided  in  the 
crops  from  the  grazing  grounds ;  and  near  to  the  homestead,  there  will  be 
two  or  three  paddodES  or  small  endoeures  for  the  rams  of  the  flock,  for  weak 
ewes,  and  similar  purposes.  The  comparative  small  value  of  the  sar&oe 
ground  prevents  the  extooeion  of  enclosures  in  a  practical  view ;  ^^^^^ 
but  where  the  ground  increaees  in  value,  a  greater  use  of  en- 
closures is  required,  and  will  be  admissible  on  the  score  of  profit.  Sometimes 
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the  quuitity  of  arable  lands  in  iheee  poflseeaioikfl  is  eo  large  that  another 
farm  k  constituted  distinct  from  the  grazing  ranges,  and  then  the  endoeing 
of  the  cnltiyated  parts  is  similar  to  lowland  fjarms^ 

Fokoes  are  made  with  stones  from  (he  quarry  of  rocka,  or  with  the 

gatheringB  of  the  field  in  l)oulders  and  slaty  fragments.  Those  stone  walls 
stand  either  wholly  above  ground  m  ihe  entire  height,  or  are  sunk  in  an 
excavalion,  and  form  a  fence  in  the  front  having  the  top  level  witli  the 
Stone  widit.  tP''**'^^  behind  the  slope  that  has  been  dug.  This  last  is 
called  a  sunk  fence.  Mortar  walls  are  erected  on  the  sides  of 
highways  in  the  vicinity  of  towns  and  other  situations  that  are  mndi  ex- 
posed to  trespass  and  injury.  They  are  the  most  complete  and  durable  of 
all  fences;  hot  the  cost  is  beyond  a  vety  extended  application.  The 
foundation  is  made  with  himd  flat  stones  in  a  firm  subsoil — the  width  of 
eig-htecn  inches  at  the  base  slopos  to  one  foot  at  the  top,  which  ia  covered 
with  rough  stones  eet  on  edge,  and  projecting  over  the  wall  on  both  sides. 
The  height  is  from  four  and  a  half  to  five  foct. 

Dirattne  ^'^y  stone  walls,  admit  a  niucii  larger  application  than  the 
waJb.  erections  with  mortar  as  a  conmion  masonry.  But  even  that 
provision  of  fences  is  confined  to  certain  districts  which  contain  suitable 
rocky  formations  that  are  near  to  the  sur&ce  of  the  ground,  and  easy  of 
access.  jSchistoze  formations  are  the  most  eligible,  as  the  laminar  fracture 
produces  a  form  of  the  fragments  that  is  adapted  to  the  purpose  of  build- 
ing walls  in  whfoh  no  mortar  is  nsed  as  a  cement.  The  foundation  is  dug 
to  a  firm  depth  oti  whii/li  flat  sided  stones  are  laid  in  the  width  of  nearly 
four  feet;  the  wall  to  be  raised  ia  laid  on  these  stones  in  tVic  width  of  three 
feet ;  the  top  at  the  height  of  five  feet  from  the  groui»d  is  narrowed  to 
eighteen  inches,  over  whidi  is  laid  a  tier  of  long  narrow  rough  stones 
placed  on  edge,  and  projecting  over  the  wall  on  both  sides.  The  sides 
of  the  wall  are  built  with  the  best  shaped  stones  in  the  manner  of  the 
common  wsJling,  and  the  ^^^lall  lumps  are  firmly  packed  in  the  centre. 
A  cope  of  stones  is  inuch  preferable  to  turf  which  soon  moulders  away;  and 
it  adds  to  the  solidity  of  the  fences  in  the  weight  of  the  stones  that  are 
laid  on  the  top  of  the  wall. 

Boulders         Boulders  or  field  ntones  are  very  abundant  in  many  parts  of 

North  Britain,  and  very  good  fences  arc  formed  with  these 

materials,  the  shape  is  rounded,  and  seem  to  be  a  large  formation  of 

primitive  gravel,  and  are  difficult  to  be  built  into  walls.   The  hand>ham- 

mer  is  applied  to  break  the  Ivmpa  into  at  least  one  square  side,  which  is 

placed  outwards  in  the  wall,  and  the  centre  ia  very  dosely  filled  with  the 

smaller  boulders.    There  being  no  large  stones  to  form  a  coping,  the  top 

is  rounded  with  the  unbroken  stones  into  a.  narrow  apex,  which  is  ter- 

_  ^  niiuatcd  with  one  row  of  tlie  lar  gest  lumrw  that  are  found.  The 
Sunk  ftnots.  ^  u 

sunk  fence  of  these  stones  consists  of  only  one  facing  of  boulders, 

aa  the  back  rests  against  the  solid  bank  of  earth,  ^ch  has  been  excavated 

in  the  depth  of  the  fence.  Plantations  are  well  fenced  in  this  way,  and  the 

top  of  the  fence  is  level  with  the  surface  of  the  cultivated  land  and  of  the 

planted  ground.   The  top  of  the  wall  is  covered  with  turf,  as  part  of  the 

surface  of  the  plantation. 
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Stone  walls  are  called  dead  fenceB,  and  under  peeulisr  ciTciimstanoes  the 

preference  is  justly  due  to  these  erections  as  the  bomidarieB  of  lands,  and 
for  the  separation  of  grounds.  Legs  ppace  h  occupied  hy  the  stone  wall 
than  by  the  live  fences;  it  does  not  harbour  vermin  of  any  kind,  and  less 
expense  is  required  in  iieepiug  up  the  dilapidations.  But  the  appearance 
is  dull,  and  wants  the  enliyentng  and  cheerful  aspect  of  the  blofisoming 
hawthorn,  and  less  shelter  is  afforded  to  animals  by  the  wall  than  by  the 
hedge.  Dry  grounds  which  do  not  require  ditches  as  outlets  for  water,  are 
best  adapted  for  stone  walls,  and  always  with  the  understanding  wsua  wim 
that  the  ro<to  are  adjacent  to  the  grounds  that  are  to  be  fenced ; 
that  the  access  is  easy,  the  rock  convonictitl y  dwj;,  and  the  whole  operation 
capable  of  being  done  at  a  moderate  expense.  On  hiLrli  exposed  grounds, 
where  the  climate  is  outrageous  and  tlie  soil  unfavourable,  no  care  or  at- 
tention is  able  to  raise  live  feuces,  and  then  walls  of  some  kind  are  the 
necessity  of  the  case.  Tnrf  walls  will  last  for  a  very  considerable  time, 
when  well  bnilt  at  first,  and  where  the  climate  is  moist,  and  the  grassy  ve- 
getation ample  and  strong.  But  they  form  no  obstacle  to  the  trespass  of 
sheep  over  the  soft  materials;  cattle  rub  upon  them,  and  hot  suns  induce 
the  mouldering  and  dilapidation. 

Live  fences  are  the  most  common  boundaries  of  fields  over  the 
greater  part  oi  the  Untish  isles ;  and  ior  the  purpose  of  raising 
the  fence  of  growing  shrubs,  the  most  approved  plant,  is  the  comnion  haw- 
thorn of  white  blossom.  It  is  a  perennial  plant,  of  much  durability^  and 
has  a  large  adaptation  of  growth  in  different  soils  and  situations.  This 
last  quality  constitutes  a  very  large  recommendation  to  tbe  use  of  its 
appMoadon,  and  where  a  varied  utility  is  required,  the  last  importance  is 
attached  to  that  property  of  tiie  article  that  is  selected.  Experience  has 
lonpf  ago  shown  most  incontrovcrtibly  that  the  common  white  thorn  is  the 
most  generally  useful  plant  for  forming  hedges:  it  grows  quTckly,  and  on 
a  great  variety  of  soils,  and  tlic  pviekle»  or  spines  are  very  annoying  to 
stragglers  that  teespaas  from  field  to  field.    The  plant  is  raised  in  nur- 
series to  the  age  of  three  or  four  years  from  the  haws  or  ripened  fruit  of 
the  aged  plants,  which  are  sown  in  beds  of  fine  earths  that  are  prepared 
for  the  purpose.   The  sets  are  raised  for  use,  and  cut  to  the  length  of  six 
to.  twelve  inches,  as  new  shoots  from  the  cut  end  are  ever  more  vigorous 
than  the  continuation  of  the  stem  produced  in  the  nursery.  The 
line  of  new  fence  being  determined  and  marked  with  planted 
stakes,  a  turf  is  cast  by  the  spade  along  the  line  and  invertt^d  upon  the 
ground,  with  one  side  touching  the  cord,  and  the  other  eloped  by  the 
epade  from  ih&  middle  of  the  turf  to  the  aurJOace  of  the  ground.    On  this 
sloped  earth  of  turf,  the  cut  thorn  sets  are  very  carefully  placed  by  hand 
at  the  distance  of  four  inches  from  each  other,  the  upper  end  being  even 
with  the  high  end  of  the  slope.   A  ditch,  in  the  case  of  wet  gromids,  is 
dug  at  the  width  of  three  feet,  and  the  depth  of  two  feet ;  and  the  earth 
that  is  excavated  is  thrown  backward.^  to  form  a  mound.    The  best  earth 
on  the  surface  of  the  ditch  is  placed  over  the  roots  of  the  thorns,  the  ripper 
ends  being  left  in  sight,  whence  the  shoots  will  proceed.    On  dry  lands  no 
ditch  is  required,  and  the  sets  are  placed  deep  in  order  to  enjoy  the  benefits 
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Cm  viMo  moisture.  Tiie  mound  of  loose  earth  ig  raised  to  a  height  be-* 
hind  the  row  of  thom  aete,  and  upon  it  is  fAaoed  a  fence  of 
strong  dead  thoms^  or  1)etter  in  a  paling  of  three  bars  of  sawn  timber, 
^fbausk  will  last  for  many  years.  Tine  fxont  of  the  young  hedge  is  pro- 
tected by  a  similar  fence,  whidi  is  placed  in  a  slanting  manner  along  the 
Bi<ie  of  the  ditch,  and  in  this  way  defends  flie  yonng  shoots  from  injury. 
These  fences  must  be  upheld  and  repaired  with  a  very  vigilant  and  con- 
stant oare,  in  order  that  the  young  thorns  are  securely  protected  during 
the  years  of  tender  growth. 

During  the  first  two  or  three  years  of  the  growth  of  young  thorns,  so 
many  weeds  must  be  puUed  away  by  the  hand  as  wfll  afford  room  for  the 
young  plants,  and  no  more  need  to  be  destroyed,  as  the  covering  of  weeds 
Weeds  re-  defends  the  bank  of  earth  from  drought,  retains  moisture,  shel- 
moTed.  ^  ^  yhoLiAf  sttd  10  henefidsl  to  the  growth  of  the  thorns. 
On  no  account  are  spades  to  be  applied,  as  ia  usually  done,  to  pare  away 
the  bank  of  earth  by  gradual  operations,  and  expose  the  roots  and  etemslof 
the  thorns  to  the  influence  of  sun  and  drought.  After  three  years,  or  in 
less  time,  the  thorn  shoots  will  overtop  the  weeds,  and  then  no  more  care 
is  necessary  on  that  point  Some  shoots  <d  the  thorns  wiU  ri&e  much 
abore  the  other  growths,  both  in  height  and  sideways ;  these  overgrowths 
are  lopped  by  the  pruning  knife,  but  no  other  cutting  or  skshing  is  done; 
as  wherever  an  indsion  is  made  in  any  vegetable  growth,  a  bundle  of 
feeble  shoots  are  {nrotruded,  which  divert  tlie  juice  from  the  main  purpose 
iMniag  «f  *nd  enfeeble  the  special  growth.  Hedges  must  he  allowed  to 
fli0lMd«e.     gfQ^  hixurtartce  of  nature  to  the  height  of  full  five 

feet,  when  the  form  may  he  fashioned  into  any  shape  that  may  be  wished ; 
and  generally,  in  the  period  of  eight  years,  the  fence  will  be  complete, 
and  need  no  protection  from  accessory  aid.  A  sufficieut  regularity  of  height 
and  straightneas  of  aides  can  be  obtained  by  lopping  the  overgrowths  ^at 
appear;  and  with  this  small  application  hedges  are  best  allowed  to  remain 
without  any  cutting  or  plashing  ;  and  the  luxuriant  blossom  of  nature's 
forms  is  much  more  pleasing  than  the  dull  uniform  sameness  that  I.^  pro- 
duced by  the  shears  of  the  clipper.  Gaps  are  to  he  very  carefully  filled 
up  from  the  first  year  of  the  growth  by  planting  young  sets  in  the  open 
space,  or  better  by  pulling  across  the  gap  the  young  shoot?  on  each  side  of 
it,  which  are  fixed  in  that  position  by  means  of  hooked  pegs  of  wood 
driven  into  the  ground.  This  precaution  is  necessary  in  order  to  procure 
a  dose  hedge,  and  unless  it  be  thick  in  stems  and  foliage,  passages  will  be 
made  at  the  weak  plaoea,  which  destroy  the  utility  and  impair  the  value  of 

No  cuttlngof 

the  performance.  Hedges  never  should  be  cut  in  any  stage  of 

the  growth,  gro^ii     a  yoimg  state,  the  progress  is  retarded  by  it>  and  in 

the  advanced  condition  an  expense  is  incurred  which  is  wholly  useless  and 
unnecessary-  It  only  remaius  to  raise  a  hedge  to  the  required  height 
and  then  to  keep  it  in  that  condition  of  existence. 

y^ig^  Furze  forms  a  very  good  fence  in  some  places,  but  the  plant 

flourishes  only  on  diy  banks,  under  warm  early  dimates.  "When 
the  growth  rises  high,  it  is  apt  to  become  open  bdow,  whidi  objection  is 
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partly  lemedied  by  hftving  the  hedge  in  two  parallel  rows,  and  by  cutting 
the  lowB  alternately,  bo  that  one  row  forms  the  fence  whfle  the  other  is 
growing  after  being  cut. 

Beeches  grow  well  on  some  damp  cold  sofls,  and  form  a  good 
fence,  bat  the  plant  is  of  slow  growth,  and  it  wants  the  formidable 
prickles  of  the  thorn,  wWch  constitute  the  weapons  of  defence  apraiust  the 
trespass  of  animalB.    The  hombean  tree  i"  r.f  a  similar  nature  and  value. 

The  sloe  thorn,  or  black  thorn,  from  itht  very  sharp  aTid  nu- 
merons  prickles,  forim  a  Btroug  and  durable  fence,  but  the  plant 
is  both  dow  and  shy  of  growth. 

Thorn  hedges  never  grow  well  at  gateways,  and  it  is  very  adyantageons 
to  raise  a  piece  of  stone  wall  on  each  side  of  the  passage,  and  to  insert  the 
thorn  roots  between  the  stones,  with  the  shoot  end  projecting  ontwards, 
and  from  tie  yonng  shoots  gro-wing  npwarcls,  very  strong  fences  are  often 
obtained  fr'-m  fliis  mode  of  inserting  the  thorn* 

Fences  of  every  kind  must  be  first  raised  by  the  proprietor  of  ^  ggg^es 
the  land,  and  Bubsequenily  kept  in  repair  by  the  farmer;  and  j^jj**^  ^* 
nothing  more  clearly  shows  a  former  in  every  sense  of  the  word  andapiidd' 
than  a  range  of  fences  in  a  thorough  and  complete  condition  of 
nse  and  efficiency,  without  any  gaps  or  weak  places.   Good  husbandry 
never  understands  a  careleasness  to  be  evinced  in  any  one  single  depart- 
ment on  the  farm ;  the  most  attentive  vigilance  is  to  be  adopted  even  in  the 
most  minute  articles  of  utility,  and  the  habitual  custom  most  be  exercised 
of  keeping  all  things  in  use  aiul  every  tiling  in  order. 

New  fences  of  tliorns  are  to  be  placed,  if  possible,  on  the  grassy  surface 
of  turfy  ground,  in  which  the  roots  of  the  thorns  spread  in  search  of  sus- 
tenance. The  length  of  the  thorn-set  fits  the  sloped  side  of  the  inverted 
turf  that  was  laid  to  form  the  base  of  the  fence ;  one  end  sends  flen  bia  «a 
upwards  the  shoots  which  form  the  hedge,  and  the  under  end 
which  is  covered  with  earth,  projects  the  roots  which  nourish  the  plants. 
The  operations  of  life  are  on  the  surface  of  the  pround,  and  these  processes 
are  engendered  by  the  life  and  decomposition  of  the  animal  and  vegetable 
existences  that  are  in  being  on  the  surface  oftlie  earth.  The  roots  of  the 
thorns  spreading  among  the  decomposition  of  these  minute  portions  of  life, 
receive  a  food  that  is  of  all  others  the  most  favourable  to  life  of  any  kind, 
for  no  manure  yet  known  can  be  compared  with  decaying  vegetables  when 
in  connection  with  the  quicker  elements  of  animal  bodies.  No  ploughing 
or  digging  of  the  ground  is  required  on  whidi  a  new  fence  is  to  be  placed. 

A  nnmbcr  of  trees  growing  in  a  hedge-row  is  no  doubt  very  H^a^^mw 
objectionable,  but  a  few 'standards  in  scattered  distances  enliven 
the  scenery  and  improve  the  landscape,  and  the  damage  to  the  hedge  is 
inconsiderable.  The  distance  of  50  or  60  yards  seems  a  proper  distribu- 
tion, it  has  been  proposed  to  make  a  plantation  in  the  sharp  comers  of 
the  fields,  and  to  round  the  inner  fence,  so  that  the  ploughs  in  ploughing 
the  headlands  do  not  turn,  but  go  round  the  field  and  lay  the  headland  in 
one  direction.  These  clumps  of  trees  will  add  to  the  scenery,  andinsome 
places  be  a  oBeful  shelter. 
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Gtttea  are  a  part  of  tlie  fence  or  boundary  whidi  ia  raised  for 
the  purpose  of  dividing  land  into  portions  that  arc  convenient 
for  its  use,  in  the  state  of  arable  or  paatoring  applioationa.  Tbejndicioas 
arrangement  and  prop^  mamtenancn  of  these  boundaries  fbrm  a  very  im- 
portant department  of  modem  agriculture ;  and,  consequently,,  a  value  is 
attached  to  the  consideration  of  the  best  materials  and  the  fabrication  that 
are  adapted  to  the  special  purpose.  The  fences  are  statiouary  and  fixed, 
and  as  the  uae  of  the  enclosed  portion  of  land  requires  the  ingress  and 
egress  of  the  tools  that  coltiyate  and  convert  the  produce  into  valne,  an 
entry  is  necessarily  selected,  which  shall  be  opened  for  admission  and  closed 
for  prohibition.  A  bar  or  hindrance  in  this  entry  was  very  early  con- 
trived, and  haa  been  long  used,  caUed  a  Gate/*  which  is  formed  of  bars 
of  timber  fastened  together,  and  being  htmg  or  suspended  on-  a  fiired  post 
or  pillar  by  mfn^is  of  turning  appliances  of  iron,  which  join  together  the 
parts  of  the  timber  frame,  the  gate  moves  on  eitT)er  side  of  the  entry,  and 
opens  the  road,  or  it  remains  across  the  way  and  shuts  the  passage.  In 
every  case  two  timber  posts  are  required :  one  on  which  the  gate  is  hmig 
or  suspended,  and  another  on  whidi  it  shots,  and  to  which  it  is  fastened 
to  remain,  across  the  road.  The  entry  to  the  field  or  the  gateway  admits 
cn  onij  iw  of  gate  in  an  oblong  square,  aa  some  objects  in 

aqiuMia  nature  are  limited  to  certain  forms  and  applications.  But  the 
interior  parts  of  this  square  form  admit  a  great  variety  of  ap- 
plications with  which  to  iill  the  vacant  space,  and  it  is  ebiiiily  this  ])oriion 
of  the  article  that  eonstitntea  the  differences  of  which  the  implement  is  sus- 
ceptible. All  adherence  to  practical  utility  must  be  rigidly  attended  to, 
and  at  the  same  time  a  neatness  must  be  produced,  which  denotes  a  simi- 
larity with  other  refined  olgects.  Every  article  of  use  must  bear  a  cor- 
responding degree  of  refinement :  strong  without  being  dumsy,  and  neat 
but  not  gaudy,  or  fancif;illy  ostentatious. 

Two  gates  to  Every  field  of  land  should  be  provided  with  at  least  two  gate- 
every  field,  -^rgy^  on  the  opposite  sidcs,  60  as  to  make  it  appri  »achable  from 
each  side  of  the  ground.  The  width  of  the  gateway  si  luuld  uothc  below  12 
feet,  nor  the  gate  itself  under  0  feet  in  length,  so  as  to  afford  a  free  passage  to 
the  loaded  vehicles.  Gateways  should  be  placed  on  dry  grounds,  and  are 
most  convenient  whso,  oppoute  to  the  headlands  of  the  field,  at  either  or 
both  ends.  The  carts,  emptor  loaded,  travel  to  the  ends  of  the  field,  and 
find  a  straight  road  along  the  headland  to  the  gateway,  and  pass  to  the 
road  outside  the  field.  The  gate  posts  of  oak,  or  some  durable  timber, 
should  not  be  under  nine  feet  in  length,  three  feet  below  ground,  and  six 
feet  above  the  earth.  The  |)art  under  ground  should  have  a  thick  butt 
end,  and  bo  well  fixed  hy  means  of  closely  rammed  moist  clay ;  the  hole 
must  be  filled  in  thut  manner  from  the  bottom  to  the  top,  with  the  post 
uprii^t  in  the  centre,  and  a  turf  of  grass  laid  over  the  surface.  The  utility 
FoBtttoiM  stability  of  the  gate  wholly  depends  on  the  secure  fixation 
of  the  hanging  post;  if  it  is  unable  to  carry  the  wdght  of  the 
gate,  or  if  it  yields  to  the  frequency  of  the  opening  and  shutting  by  the 
traffic,  the  fore  end  will  soon  fail  to  the  ground,  and  the  implement  is 
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rendered  vaeleBs.  Some  little  labour  and  attention  is  required  to  make 
secure  the  foundation  of  the  gate,  which  is  beet  done  in  the  first  perform- 
aQce»  and  not  to  require  a  repetition,  which  is  never  so  effectual. 

Gates  are  formed  of  five  longitudinal  bars  about  four  iuchcs  and 
one  inch  thick:  the  wood  mav  be  larch,  ash,  willow  or  the  durable  firs, 
and  dressed  by  the  plane  to  receive  the  coverina:  of  paint.    The  bars  are 
mortised  at  the  ends  into  upright  small  square  posts  of  hard  timber,  and 
fastened  by  a  wooden  pin.   The  back  end  post  of  the  gate  is  heavier  than 
the  fore  end,  as  it  is  next  to  the  hanging  post,  and  ia  fitted  to  receive  the 
iron  work  by  which  the  gate  is  suspended.   The  gate  is  best  hong  by 
erooks  and  thimbles  of  iron  I  the  former  being^  driven  mto  the    p  g^tes 
hanging  post,  and  the  latter  bang  clasped  on  the  upper  and  ^^^s- 
lower  bars  of  the  gate.    It  is  best  attached  to  the  catch  post  by  means  of  a 
small  iron  catch  driven  into  the  post,  and  a  small  chain  att^ichcd  to  the 
hand-bar  of  tlie  gate.    This  fastening  never  can  be  opened,  except  by  the 
hand  of  man.    Swing  gates  tliat  pass  to  either  side  are  ever  liable  to  fall 
too  deep  or  rise  too  shallow  in  the  iron  latch  that  is  sunk  in  the  catch 
post,  and  spring  fastenings  are  very  liable  to  be  undone  by  the  animals 
rubbing  against  them.  The  gate  must  be  of  a  height  sufficient  to  ^^^^ 
prevent  any  mm  i  '  ^  etting  their  heads  over  it,  and  pushing  with  ae^MiiB*i*» 
their  breast  against  the  upper  bar,  otherwise  it  is  quicMy  broken. 
The  posts  of  a  gate  look  well  when  tbey  are  octagonal  Bhapodand  rounded 
to  a  top.    All  gateways  sliould  be  deeply  laid  with  small  broken  stonce,  as 
animals  always  congregate  at  the  gates  and  convert  nrift.  ground  into  a  pud- 
dle.   No  better  sign  need  be  required  of  a  good  lai  niei  than  having  every 
gate  in  proper  order,  and  every  gateway  a^rding  a  di  y  and  firm  passage 
at  any  season  of  the  year. 

The  reader  ia  referred  to  "  Jkiigm  of  Cfatei  for  ihe  Pcarh,  Hw  PdUey^ 
and  the  Fmrtn**  by  the  auihor  of  this  work,  and  to  be  had  of  the  publisher, 
where  a  large  Tariety  of  gates  is  delineated,  with  a  strict  regard  to  economy 
and  the  usefiil  ocmvenience. 


CHAPT£1R  VI. 

PLANTATlO^S-YOUNG  Aifl>  OLD  TIMBER. 

A  PLANTATION  is  formed  of  trees  that  axe  placed  in  the  ground  at  such 
distances  &6  allow  room  of  the  full  growth  being  attained.  The  object 
10  to  raise  timber  for  artificial  pnrpoees;  to  convert  into  a  profitable  use 
the  barren  grounds,  and  irregularly  formed  lands ;  to  adorn  the  surface, 
beautify  the  landscape,  and  enliven  the  scenery,  and  in  unpro-  vtrood* 
pitious  climates,  to  afford  shelter  to  the  cultivated  portions  of 
the  earth.  A  tree  seems  to  have  been  among  the  earliest  productions  of 
3n 
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nature  destined  fyt  the  porpoee  of  dothing  the  ground  with  vegotafion ; 
tall,  sfaimbby,  or  fraticoee,  the  stem  ie  seldom  absent  in  any  latitude  that 
permits  the  existence  of  any  degree  of  organized  life.   The  haSk  is  regn- 

lated1>y  fhe  quality  of  tlie  soil  and  climate,  and  the  foliage  undergoes  the 
same  modifications.  In  most  parts  of  Britain,  a  very  equable  medium  is 
establiahed;  the  bulk  attains  a  uso.ful  staodard,  and  the  growth  is  gene- 
rally ready,  and  sufficiently  progressive. 

The  rearing  of  timber  is  an  object  of  much  value  to  the  owner  of  the  soil, 
and  of  a  very  considerable  interest  to  the  national  community,  in  relation  to 
00I7  OB  inr.  tiie  vested  right  which  is  enjoyed  anent  the  purposes  to  which  the 
ren  luidi,  g^rface  of  the  earth  is  appropriated.  In  arranging  these  distribu- 
tions of  nsc,  the  rule  may  be  held  as  absolute,  that  all  lands  be  planted  with 
trees,  which  are  inaccessible  to  the  plough  "by  reason  of  elevation,  declivity, 
or  other  insuperable  establishxnent  of  nature.  And  where  a  grassy  surface 
on  a  kindly  subsoil  yields  a  grateful  herbage  to  animals,  the  position  of 
plantations  must  be  m  arranged  as  to  afford  shelter  to  the  grounds  that 
produce  the  value  in  paaturage.  The  profit  of  the  grazing  will  determine 
if  the  use  continues  for  animals,  or  may  be  better  converted  into  a  plan* 
or  iaoonve.  ^^^^  Very  high  elevations  deny  the  growth  of  any  vegeta^ 
tionj  grasses  will-  grow  where  trees  cannot  live,  and  conse- 
quently snch  a  value  mmt  come  from  these  situations  &&  nature 
is  pleased  to  allow.  Plantation.^,  are  l)eat  made  on  moderate  elevations,  on 
sloping  crrouuds  that  deny  cuh.ivation,  and  on  low  situations  where  for 
special  reasons  a  congregatioijt  of  trees  may  be  eligible.  Use  and  orna- 
ment will  always  determine  the  establishm^t  of  ^antations,  and  regu- 
lated and  modified  by  the  contingent  circumstances  that  ever  attend  the 
purposes  of  active  intention. 

Trees  of  use  are  naturally  divided  into  two  large  assortments  of  hard 
and  soft  timber,  the  former  bearing  the  seeds  in  imbricated  cones,  end  the 
latter  in  shells,  nuts,  and  drupes,  which  form  eoverinOT  of  a  f^rcater  or 
less  hardened  consistence.  At  the  periods  of  full  ripeness,  the  seeds  are 
gathered,  and  safely  reserved  for  being  sown  in  the  proper  seasons  on  finely 
prepared  grounds,  that  sre  fenced  round,  and  duly  cultivated  for  the  pur- 
Tonag  pose  of  nursbg  the  young  vegetations.  The  seedling  plants 
piMta.  1^  moved  from  the  bed  of  one  year,  and  placed  in  rows,  where 
the  weeds  are  killed  by  hoeing  die  intervals,  and  only  the  moderate  growth 
of  the  plant  is  encouraged.  At  the  end  of  two  years,  the  trees  are  ready 
for  the  use  of  the  plantation,  or  to  be  placed  in  wider  rows  in  the  nnr- 
sery,  there  to  wait  the  demands  of  sale. 

Groimds  intended  to  be  planted  with  trees,  must  be  completely  fenced 
during  the  year  previous  to  the  planting,  and  thoroughly  laid  dry  by  open 
drains,  if  the  nature  of  the  land  requires  the  removal  of  water.  These 
ditches  are  placed  in  the  lowest  grounds,  and  follow  the  sinuosities  of 
the  surfiMse  in  every  direction,  however  crooked  or  awkward  the  appearance 
may  become.  The  general  discharge  must  lead  to  a  large  ditch,  brook, 
or  rivulet,  into  which  the  water  escapes.  The  comnpoice  mnst  be  clear 
and  uninterrupted  to  the  outside  of  the  plantation,  if  at  all  possiUiS  to  be 
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got  If  a  flat  avr&ioe  occur,  an  airlifidal  le^el  miiet  be  sought  and  made  for 
the  special  use. 

Two  metlioda  arc  adopted  in  planting  trees :  one  way  opens  circular 
pits  in  the  ground,  tliree  to  four  feet  apart,  abont  one  foot  dfnp,  and  one 
foot  and  a  half  in  diameter.  'J^he  tree  Is  phiced  upri^^lit  in  tlie  CHtitro  of 
the  hole,  with  tiie  rootlete  carefully  spread  abroad  by  the  hand;  pumiagof 
the  excavated  earth  is  turned  into  the  pit,  and  trodden  firmly  *>«*iaptt«« 
roimd  the  trees  hy  the  foot,  and  then  the  grassy  tuif  is  placed  as  before 
over  the  pit^  and  cut  in  two  parts  with  the  tree  in  the  incision.  The  earth 
being  trodden  firmly  hy  the  foot,  and  the  tnrf  being  compreHHed  by  the 
hnelc  of  the  spade,  finishes  the  planting  of  the  tree.  This  mode  is  adopted 
for  plants  of  the  kigest  size,  which  aro  placed  at  the  widest  distances  on 
the  ground.  The  second  way  of  planting  trees,  makes  two  incisions  with 
the  common  spade,  centrally  crossing  each  other  at  right  angles ;  the  tree 
is  placed  in  the  ground  at  the  point  of  intersection,  the  spade  holding-  up  the 
turf  tiU  the  plant  is  fixed,  and  then  depressing  it  to  secure  the  position. 
The  roots  of  the  plant  are  neatly  dressed  by  knife^  and  the  feathers  are 
arranged  in  the  new  position  before  the  fixture  is  accomplished.  This 
method  is  cheap  and  expeditions,  and  leaves  the  roots  among  the  best  soil 
on  the  surface  of  the  gronnd,  among  which  to  spread  horizontally,  and 
estfthlifih  its  abode;  whereas  in  pits,  by  the  first  way,  the  roots  are  placed 
in  the  snhsoil,  which  is  often  very  pernicioua  and  inimical  to  ^ 
vegetation;  the  growth  ia  stopped,  till  new  roots  emerge  from 
the  stem,  and  draw  subaistence  firom  Ihe  upper  soil.  Trees  are  fibrous 
rooted  plants,  and  spread  horizontally  along  the  snrfooe  of  the  earth ;  no 
tap  root  descends  to  require  a  depth  of  humified  earths,  and  consequently 
the  inser^on  may  he  more  shallow,  and  the  labour  l^s  costly.  The  last 
mentioned  method  is  therefore  the  preferable  way  of  planting  young  trees 
in  the  grotmd. 

The  distance  bctw(;en  (ho  pkmts  and  the  number  of  trees  that  are 
required  to  cover  an  acre  of  ground,  are  vcrv  mnch  vai-ied  both  in  opinion 
and  practice.  Hard  timber  trees,  as  oak,  ash,  and  dm,  are  usually  planted 
at  four  feet  apart,  on  the  calculation  that  the  one^half  of  the  trees  are 
taken  out  when  risen  to  one-third  of  the  fuU  growth,  in  order  to  make 
room  for  the  standing  crop,  and  lhat  these  remaining  trees  need  xre»  <m  ut 
the  space  of  eight  feet  between  them.  But  experience  has 
shown  that  a  full  crop  of  timber  trees  can  stand  in  four  feet  apart,  and 
consequently  the  first  planting  must  Le  thicker  on  tlie  ground.  The  larch 
and  Scotcli  fir  are  found  the  most  suitable  plant:;  n-  tlie  highest  exposures, 
and  even  on  the  sheltered  slopes  of  these  elevaiioiirt,  these  treed  maintain 
the  greatest  worth:  on  the  lowest  declivities,  and  upon  the  best  grounds, 
the  oak,  ash,  and  elm,  usurp  the  preference :  and  on  low  flooded  lands  which 
cannot  be  amended,  the  willow  and  alder  will  be  the  chosen  plants.  The 
beech  on  dialks,  the  haael  on  rodry  banks,  and  the  birch  on  barren  gravels, 
will  be  useful  introductions;  and  in  some  Bituations,  the  Spaniah  diesnut 
will  equal  in  value  the  most  esteemed  tree  in  Britun.  In  every  case  of 
planting  trees  on  high  or  low  grounds,  and  of  firs  or  hard  tim-    wM  17 
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ber,  the  distance  between  ihe  plants  will  be  two  feet,  and  the  number 
on  an  acre  will  vary  from  eight  to  ten  thousand.  The  plants  of  hard 
timber  may  stand  at  two  feet  and  a  half  apart,  and  in  certain  expo- 

enrea,  tlio  firs  ■may  be  so  close  as  eij^hteen  inches.  These  close  diataTicc? 
are  required  to  create  a  mutual  warmth,  aud  to  promote  the  upright  shoot- 
ing of  the  plants  by  preveuting  the  lateral  expansion. 

The  planting  oi  tre^  is  best  done  in  the  months  of  November,  Decem- 
ber, and  Jannary,  and  during  the  mild  freeh  weather  that  occurs  betwixt 
TiiM«f  the  frosts  and  anows  of  these  wintry  divisions  of  the  year.  So 
i^*^^  soon  as  the  setting  of  the  plants  is  accompliBihed,  the  gates  are 
shnt,  and  m  the  fencing  has  been  previously  done,  the  performance  is 
wholly  completed.  Roads  of  tv\^cnty  feet  in  width  are  left  in  the  conve- 
nient dirc^ctiona  over  tiie  planted  g-vounds,  and  so  arranged  as  to  aliord  a 
ready  and  conveuleut  access  to  the  working  requirements,  and  to  the  ve- 
Roida  in  hicles  of  Gxport  whon  tho  felled  timber  is  removed.  This  con- 
yenience  is  never  to  be  omitted  bemg  made  in  all  cases  of 
plantations  of  trees.  Open  ditches  are  to  be  dug  along  the  sides  of 
the  road  in  all  places  where  water  may  overflow  the  passages,  and  are  di- 
rected to  discharge  the  contents  into  some  one  of  the  main  outlets.  On 
wet  lands  only  these  drains  are  necessary. 

Our  system  of  close  planting  allows  the  trees  to  grow  altogether  unmo- 
lested, save  the  insertion  during  two  years  of  fresh  sets  in  the  place?  where 
a  Mlure  of  the  growth  is  seen,  to  happen.  The  most  vigorous  and  thriving 
trees  take  the  lead,  and  carry  the  pre-eminence,  and  strive  to  reach  the 
benefit  of  sunshine,  which  is  necessary  to  a  prosperous  vegetation,  A  cer- 
TjjA  tain  number  of  plants  attun  that  station,  and  form  an  unbra- 
piantiDg  geous  canopy  of  leaves  and  branches  that  join  in  the  contact; 
beneath  this  covering,  all  vegetation  is  killed,  and  almost  every  life  ex- 
tiuguished,  at  least  that  rises  upwards  in  any  considerable  height.  The 
tre^^s  that  c-annot  rise  upwards  into  the  simshine,  are  killed,  and  when  Been 
to  be  fairly  mastered,  are  useiully  removed  for  fencing  purposes;  the  lateral 
branches  of  the  trees  that  succeed  in  obtaining  the  pennanent  elevation, 
die  away,  from  a  beginning  at  the  bottom  of  the  stem,  and  are  hilled  pro- 
gressively upwards,  according  as  the  tree  rises  in  height  The  decay  fol- 
lows closely  on  the  ascent  of  the  stem,  and  there  is  left  on  the  top  of  the 
tree  "  only**  a  round  canopy  of  gpreen  branches  and  leaves,  of  a  small  ver- 
tical extent,  and  so  far  laterally  as  the  contisnious  formations  will  allow. 
The  stem  of  the  tree  heeonies  a  straight  bole  without  any  knots  or  biem- 
ishes ;  the  upward  struggle  of  growth  prevents  any  bendings  or  lateral 
inclinationB,  and  the  efforts  of  natnre  are  directed  to  one  chief  point  By 
this  mefliod,  nature  exhibits  the  finest  timber  in  the  world : 

renders  i  i 

pruning  aot  in  thc  wilds  of  America,  in  the  straths  of  Scotland,  and  on  the 
neceaawr/.    ^pjj^g  Norway,  the  secds  are  sown  by  the  wind,  and 

the  roots  are  struck  into  the  uppermost  stratum  of  decayed  vegetable  earth 

— a  le<?9on  which  forbids  the  pruning  or  Topping  of  branches,  and  the  inser- 
tion of  the  young  plants  deeply  into  the  ground. 
The  pruning  of  trees,  or  the  cutting  away  of  the  branches,  by  a  saw 
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or  dkisel,  h  a  mangling  process,  which  very  much  damagCB  Ihe  timber  of 
the  fitem.  Sap  flows  to  an  incision,  and  yery  often  protrudes  a  number  of 
young  shoots;  or  a  struggle  is  made  to  cover  the  wound,  which  forms  a  large 
blemish  when  the  timber  is  sawn  for  use.   When  the  tree  prunes  itself  by 

means  of  a  killing  confinement  of  the  lower  parts,  as  hy  tliict  planting, 
no  mch  accident  happens  ;  the  decay  is  gradual  and  progressive,  and  the 
fiap  flowing  upwards  l)v  the  attraction  of  heat,  leavtijj  the  branches  to  a 
complete  annihilation  :  there  is  no  wound  to  be  covered  with  stniiM 
bark,  the  branch  drops  oS,  and  the  junction  with  the  stem  is  **^"<^ 
soon  imperceptible :  the  expense  of  pmning  is  avoided,  and  also  the 
labour  and  coat  of  thinning,  which  is  seldom  repaid  by  the  value  of  the 
dearanceB.  The  trees  grow  to  a  fall  maturity,  and  have  no  attention,  ex- 
cept in  keeping  the  fences  good  against  trespass,  and  in  removing  the 
stems  that  are  undcrgrown,  hefore  rottenness  (hnstroy.s  the  use  for  Jencing. 

Ahout  one- fourth  of  the  number  of  trees  planted  will  remain  for  crop, 
and  will  average  about  two  thousand  on  an  acre,  elanding  at  four  to  six 
feet  apart.  The  other  portion  of  the  original  plants  is  sacrificed  to  the 
purpose  of  xaising  the  standing  crop  into  a  prosperous  condition. 

The  observant  eye  that  looks  into  a  congregation  of  trees  which  have 
been  grown  from  nature*s  care,  or  that  have  escaped  the  havoc  of  the  thin- 
ning and  pmning  performaneoB,  cannot  fail  to  discover  the  truth  of  all 
the  above  statements,  and  that  the  system  is  also  8upj)orted  by  the  most 
rigid  adherenco  to  established  laws.  In  these  places  are  seen  the  stems 
of  trees,  tall  and  straight,  without  branch,  knot,  or  excresoenoe  (wm-gf 
of  any  kind,  and  the  bark  slippery  and  smooth  without  any  timtMrim- 
interrupdons.  Wherever  the  sun  and  light  are  allowed  to  pe> 
netrate  the  branches  of  trees  will  seek  it  laterally  as  well  as  vertically,  and 
the  number  of  shoots  will  be  proportioned  to  the  free  access  that  is  given 
to  these  necessary  elements  of  growtli.  The  vegetation  is  thus  direeted 
to  many  points,  llio  tree  becomes  a  bush,  and  fails  to  reach  the  heiglit  of  a 
tindjer  {trovision;  the  stem  is  knotty  andrifty,  and  worthless  in  the  hands 
of  the  workman;  and  the  vvidcr  standing  of  the  trees  reduces  the  number 
on  an  acre  of  ground.  On  low  grounds  which  approach  the  residence  of 
demesne,  a  luxuriant  foliage  may  be  wished,  and  then  the  trees  are  thinned 
to  the  distances  that  may  be  required.  An  undergrowth  of  buskes  may 
be  wished  to  shelter  the  beasts  of  game,  when  the  openings  betwixt  the 
trees  mmt  be  wide  to  admit  the  sun  and  light  to  nourish  the  evergreens 
that  form  the  cover.  Tn  f^uch  cases,  a  distance  of  ten  to  twenty  feet  may 
intervene  betw  ixt  the  trcci,  and  the  first  planting  may  be  in  the  half  or  a 
third  of  that  distance,  and  the  supernumerary  quantity  of  plants  are  re- 
moved at  different  stages  of  the  growth,  leaving  the  number  to  stand  for 
crop. 

The  fir  tribe  of  trees  generally  reach  maturity  in  about  thirty  years,  and 
the  hard  timbers  in  forty  to  sixty.   Fellings  and  sales  are  then  Maturit/of 
made  le-'-'^'-ding  to  the  wants  of  the  locality,  and  the  purposes 
that  require  to  l)e  supplied.    Tn  every  case  the  trees  are  felled,  topped,  and 
lopped  by  the  owner's  expense,  and  drawn  outside  the  plantation,  and 
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laid  in  eonveiiient  lots  for  sale,  whence  the  removal  is  made  hy  the  par- 
chaser.  Bvery  tree  must  be  cot  down,  aanre  Bome  few  choice 
standards  that  are  left  in  the  outside  to  adorn  the  scenery,  and 
the  empty  groimd  is  immediately  filled  with  the  suitable  plants,  as  before 
directed.    No  trees  are  to  be  left  standing  in  the  interior  of  the  wood  ; 
the  ground  must  be  clear,  as  youug  trees  never  thrive  under  the  shade 
and  drip  of  the  full  grown  forerunners.    The  cuBtom  is  most  pernicious 
Wood*  toiw  *^  mixes  growing  trees  of  different  ages ;  the  younger  always 
«iean  cirtud  suffcr  &om  the  older,  and  the  general  appearance  is  never  thriv- 
ing  or  satisfoctory.    Ijl  this  way  the  cutting  and  planting  of 
trees  go  on  in  an  imintemipted  succession,  and  the  ground  is  never  empty 
of  production. 

When  plantations  have  been  neglected,  and  allowed  to  grow  in  old  tim- 
bers, vounger  trees,  and  a  bushy  underwood,  the  evil  beeomes  very  appa- 
rent of  f^noh  a  mixed  system.  By  ctitting  and  removing  the  full  grovm 
trees,  a  very  great  damage  is  inflicted  on  the  smaller  growths  of  every 
Neglected  ^ni,  and  Ihe  younger  trees  when  put  in  full  possession  of  the 
whoiiVre-^"  ground,  form  only  the  half  crop  which  the  land  is  able  to  bear. 
vmni.  In  this  way  the  evil  is  perpetuated,  and  each  succeeding  gene- 
ration grows  to  damage  the  following  vegetable  increase.  The  most  effec- 
tual way  is  to  cut  everything  completely  from  the  gronnd,  and  to  plant 
afresh  with  the  amtable  plants,  and  attending  for  some  two  or  three  years 
that  the  young  trees  thai  are  planted  be  not  overpowered  by  the  thick 
and  ra}dd  growth  of  the  underwood,  and  the  shoots  from  the  old  Btools 
which  possess  the  vlvadons  principle.  These  exuberances  are  very  use- 
ful in  dieltering  and  drawing  into  a  tall  growth,  the  plants  that  are  in- 
serted in  the  ground,  provided  the  density  be  not  allowed  to  choke  the 
growth  of  the  young  trees — ^this  danger  exists  only  for  a  short  time,  and 
is  easily  avoided. 

Hard  timbers  and  firs  are  best  felled  in  the  end  of  the  year,  and  removed 
before  the  spring  growth  is  commenced.  The  ground  is  planted  with 
young  trees  in  the  same  winter.  Oaks  being  cut  for  barldng  in  the  early 
j^jjj^  sommeT;  the  planting  of  the  land  with  fresh  growths  is  delayed 
iMn,ud  to  the  next  winter,  when  the  process  is  repeated,  as  above  de- 
bttkiiiffoaka.  ^^j^^  every  case  the  clearing  of  the  ground  must  he 
complete,  save  some  few  choice  trees  in  the  comers  or  fences  of  the 
plantation,  which  may  adorn  the  scenery  and  enliven  the  landscape.  The 
remnants  most  be  few,  and  all  othei^  are  indiscriminately  removed. 

^  ^       Hopse  or  coppice  is  a  plantation  of  trees  that  rise  to  a  certain 

growth  of  years,  when  the  stems  are  all  cut  and  sold  for  the  re- 
spective purposes  of  use,  Th<;  trees  are  of  the  vivacious  kinds,  that  send 
forth  shoots  from  the  old  stools  aiter  the  growth  is  cut,  and  the  most  rapid 
in  vegetation  are  necessarily  preferred.  The  whole  tribe  of  fir  trees,  or  the 
coniferous  division  of  plants  is  wholly  exclnded,  and  the  choice  ftllsonihe 
oak,  sah,  elm,  willow,  and  chesnui  The  fir  plants  are  deficient  in  the 
vivadons  principle,  and  those  trees  are  most  eligible  which  shoot  readily 
from  the  stools  and  prosecute  a  vigorous  growth. 
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Inferior  lands  are  generally  converted  into  copses,  aa  banks,  y^^ii^  jb 
rocky  declivities,  barren  wastes,  and  flooded  grounds.    In  the 
first  fDimation  the  plants  are  inserted  as  for  a  timber  plantation  that  has 
heea  already  treated,  and  the  stems  are  immediately  cut  close  "by  die 
gronnd.   Sometimes  a  year  is  deferred  between  the  planting  and  cutting, 
bat  ^th  no  convincing  adyantsge.   The  growths  are  ever  more  rapid  and 
vigorous  from  a  cnt  stem  than  in  the  natural  stalk  from  the  mirsery.  This 
fact  is  generally  well  understood,  and  the  practice  adopted  in  the  case  of 
a  new  eopse  wood  being  formed,  and  the  strongest  phuits  in  the  nurt^ery 
are  used,  as  they,  when  cut,  send  out  the  most  healthy  and  vigorous  tjhoots, 
which  in  the  shortest  time  are  led  into  the  form  of  the  Ufieful  purposes  that 
are  reqiuired.  The  sets  are  two  feet  apart  as  for  timber,  the  near  pj^^^ 
contiguity  being  equally  required  in  order  to  induce  the  quick 
and  upright  vertic^  growth.  The  vegetations  that  are  not  able  to  attain 
the  height  of  the  upper  reach,  are  dwindled  into  the  inferior  purposes,  as 
will  be  aftcrvvard?  detailed. 

Copse  woods  mostly  prevail  in  the  hop-growing  districts  of  England, 
and  these  localities  are  chiefly  Bitnated  on  the  chalk  formations,  where 
coal  is  not  found  as  fuel.  The  hop  plant  requires  a  pole  to  support  the 
twining  stem,  around  which  it  climbs  and  festens  by  means  of  t^drik. 
This  purpose  uses  the  tallest  and  stoutest  growths  <^  the  coppice.  Fuel 
demands  for  its  most  urgent  purpose  the  use  of  all  the  inferior  stems, 
branches,  and  bushes^  or  all  the  growths  that  are  inapplicable  to  any  other 
purpope  by  reason  of  want  of  stTcngth  and  bulk.  The  intermediate  growths 
occupy  the  middle  purposes  of  etakes  for  fencing  and  for  making  sheep 
hurdles,  and  this  use  becomes  in  many  places  the  principal  aj^plioation. 

Copses  generally  attain  the  full  growth  of  the  purposes  for  Parp^es  of 
which  the  articles  are  used  in  the  time  of  ten  to  fourteen  years,  ^  vradoM. 
when  the  produce  is  sold  by  auction  or  private  baigain  in  a  fixed  sum  of 
money  by  the  acre  of  land.  The  purdutser  cuts  the  timber  in  every  shoot 
or  hush  of  any  kind,  applies  it  to  his  own  purposes,  and  removes  the  whole 
articles  outside  the  phmtation  by  the  first  of  May,  when  the  yonnc:  shoots 
from  the  stools  will  rastain  damage  by  the  trespass  of  any  intrusion.  The 
brushwood  that  grows  on  the  earthen  mound  or  fence  belong?  to  isunti&ctnra 
the  purchaser,  who  pkbhed  a  new  fence  w  ith  the  thorns  which  «l>»w(gdf. 
he  cots  for  his  purpose.  The  fence  is  not  included  in  the  measurement  of 
the  ground,  and  the  purchaser  gets  the  stems  that  grow  upon  the  mound 
for  the  trouble  of  plashing  the  new  fence.  The  growths  are  cut  from  the 
stems  by  an  upward  slanting  out  of  the  axe,  and  the  face  of  the  cut  must 
be  clean  and  even,  that  no  roughness  occur  to  lodge  wetness  and  lead  to 
decay.  The  new  shoots  rise  from  the  Beam  of  the  wood  and  bark,  and  the 
more  sloping  extent  of  cnt  will  produce  a  greater  n\irnl.»er  of  i'r(,>sh  vege- 
tations. But  a  medium  is  to  be  observed,  as  the  stool  will  not  support  to 
maturity  a  disproportionate  number  of  shoots.  The  eye  of  experience  will 
easUy  fix  the  proper  elevation  of  the  cut. 

Li  the  southern  counties  of  Ebigbnd  a  quantity  of  woodlands  belongs  to 
most  ifurms,  which  are  cut  at  the  proper  aeaoon,  and  used  by  the  farmer  as 
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any  other  cropa  on  his  lands.   This  amogement  sapplies  the  &Tmer  with 
Best  wo.    firewood,  and  also  with  fencimr  and  hurdle  stskes.  and  the  de* 
mand  for  hop  poles  in  his  vicinity  will  add  to  the  aocommoda- 

tion  afiTorded  by  the  woodlands.  But  it  may  be  better  policy  that  the 
landlord  manages  all  Ihe  woods  as  his  own  care,  and  the  farmer  can  "buy 
the  fuel  and  stakes  \w.  may  want  at  the  periodical  tales  of  tlio  articles.  The 
landlord  would  tliua  employ  a  fixed  number  of  special  workmen  under  an 
experienced  and  tmsty  foreman,  who  will  be  employed  dming  the  year  in 
cntting  copses,  feffing  tnnber,  barking  oak,  and  npholding  fences.  The 
cuttings  will  be  duly  separated  into  the  purposes  of  use  carried  outside  the 
plantation,  whereon  a  fixed  day  the  disposed  lots  are  vended  by  auction, 
or  prc\'ion8ly  sold  by  private  treaty,  and  the  tune  of  remo-val  is  expressly 
certified.  The.  landlord  lias  thus  the  certainty  of  the  lasting  object  being 
duly  provided,  and  can  make  what  alterations  he  pleases  at  any  time. 
OMstooUto  A  long-  contimied  cutting  of  the  stools  of  Coptic  wood  forms  a 
l»  nnoTfld,  jjgj^e  lyj^j-^  yj,  oolleotiou  of  the  ends  of  the  shoots  u])on  the  old 
Stool,  in  the  cavities  of  which  the  water  lodges  and  induces  decay.  In 
these  overgrown  cases,  the  whole  collection  is  best  removed  by  cutting  the 
old  stem  dose  by  the  ground  with  a  saw,  and  slanting  the  cut  upwards,  so 
as  to  prevent  a  lodgment  of  any  kind  being  made  upon  the  incision.  TIob 
operation  presents  a  fresh  source  of  shoots,  and  very  often  most  wonder- 
fully renovates  the  condition  of  the  stools.  When  a  lengthened  age  has 
wholly  d(;])ilitated  the  productiou  of  suitalde  growtli.s  from  the  stools,  it  is 
the  best  way,  as  in  the  case  of  full  grown  tim!.*:r  inxa,  to  dig  and  rem-n-e 
the  old  stxmips  wholly  hum  the  ground,  and  to  plant  with  nmst^rv  set;;,  as 
at  first,  the  entire  area  of  the  plantation.  The  sets  must  be  placed  in  fresh 
ground,  and  not  in  the  holes  whence  the  stools  are  removed.  This  reno- 
vation is  the  same  as  making  a  new  coppice. 

Copwi  ud  Though  it  is  very  customary,  it  is  still  highly  objectionable, 
timbert  to  lie  to  grow  together  the  trees  for  timber,  and  the  undergrowth  for 
^*  '  coppice  purposes.  Tlie  tlndn  r  trees  stand  widely,  and  the 
branches  s})read  in  an  cxTensive.  lateral  expansion,  the  stem  never  rises  to  a 
height  of  bole  to  constitute  utility,  and  covcih  a  largo  shade,  under  winch 
the  copse  wood  does  not  thrive,  but  dwindles  into  an  inferior  growth.  This 
is  an  object  of  daily  observation,  and  requires  to  be  removed  by  copse 
woods  occupying  the  ground  in  the  one  purpose,  and  timber  trees  to  have 
the  same  privilege  with  any  underwood  that  may  rise,  being  cut  £ar  use  at 
the  seemingly  proper  periods.  This  arrangement  is  very  dmple  and  easy, 
and  pro\ddc8  each  purpose  separately,  as  they  do  not  thrive  in  union,  and 
suffer  mutually  by  the  intrusion  on  each  other's  abode. 
Beat  teem  In  the  hop  growLug  districts,  and  on  the  copnc  lands  of  the 
foreopoei.  jj^gj.  quality,  the  most  eligible  trees  are  oak,  ash,  and  Spanish 
chesnut  The  ash  is  quickest  in  giowth,  but  not  very  durable  as  a  hop- 
pole,  the  oak  rises  dower  but  lasts  longer,  while  the  chesnut  very  often 
excels  both  these  plants,  in  being  more  durable  than  the  ash,  and  wanting 
the  fault  of  the  oa^in  being  brittle  and  unwooded  in  the  upper  end  of  the 
stem.    On  dry  banks  and  on  rocky  dedivities,  the  birch  and  the  hasel 
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fom  a  good  undergrowth  of  stakes  and  fuel,  bat  never  rise  into  hop-poles^ 
for  which  pnrpose  the  oak,  ash,  and  chesnnt  are  tho  most  Tsluable  trees. 
On  lands  that  are  damp  and  moist,  even  after  a  complete  surface  draining, 
the  alder  grows  well,  and  affords  hop-poles  of  the  first  quality,  and  stakes 
for  the  fence  and  hnrdlps.  On  the  lowest  e'ronnds,  the  willow  . 
tree  yiulrls  the  largest  produce,  and  hop-poles  are  often  obtained  ^^""8  » 
of  the  bcBt  sort.  The  ash  obtains  the  widest  range  ol  growth, 
as  it  thrives  well  on  aU  soils,  from  the  flooded  ground  to  the  sandy  waste; 
but  the  inferior  growths  of  it  are  not  equal  in  quantity  to  that  of  the  hazel 
and  birch,  and  on  chalky  lands  the  beech  exceeds  all  others  in  bulk  and 
produce,  though  it  is  chiefly  adapted  for  fire-wood.  It  seldom  rises  to  the 
height  of  s:ood  Btak^.  The  trees  now  mentioned  are  adapted  for  anv  va- 
ri*!tv'  of  soils  that  may  occur,  and  present  a  selection  which  suit  the  occu- 
pation of  any  lands  in  Britain. 

No  advantage  attends  any  preparation  of  the  ground  for  trees  p,^^^  ^ 
by  being  dag  or  trenched,  espedally  on  high  situations;  expe*  i  i  not 
rience  has  shown  that  the  growth  may  be  siiperior  on  tr@adbed 
lands  for  the  q>ace  of  five  or  six  years,  when  It  falls  to  the  standard  of  the 
unprepared  grounds.  The  sole  attention  in  malcing  plantations  of  any 
kind  for  timber  or  copses,  ia  directed  to  complete  fencing,  open  draining 
of  the  surface  where  wetness  prevails,  and  roads  of  twenty  feet  in  width 
traversing  the  grounds  in  the  convenient  directions,  by  which  to  obtain 
access  for  any  purpose.  The  only  work  to  be  done  till  the  timber  is  full 
grown  is  to  remove  occasionally  the  trees  that  are  smothered  by  the  taller 
growths,  and  use  the  st^ns  for  some  purpose  before  the  decay  performs  a 
total  uselessness.  No  pruning  or  thinning  is  to  be  done  in  copse  cofMs  not 
woods,  as  the  thick  growth  is  necessary  to  protnote  the  tall  and 
straight  form  of  the  polas  and  stakes,  which  would  spread  laterally  into 
branches  if  room  was  givea  for  that  purpose.  The  full  growth  is  reached 
in  ten  to  fourteen  years;  and  the  value  of  copses  varies  from  £8  to  £20  per 
acre,  according  to  the  quantity  and  quality  of  the  produce,  and  die  price 
of  the  different  articles  in  the  locality.  In  many  places,  the  poorer  lands 
of  all  sorts  pay  as  much  rent  as  the  cultivated  grounds,  where  the  small 
necessary  attention  is  heatowed.  Many  wastes  in  the  dtRtrict©  roMttibit 
wanting  eoal  might  he  well  used  in  copse  woods,  and  ospeejally 
rocky  declivities,  on  which  no  other  improvement  ever  can  be  done.  The 
first  expense  is  comparatively  small,  and  though  the  times  of  payment  are 
&r  between,  the  return  is  more  certain  than  yearly  crops  of  vegetables, 
and  the  casualties  are  much  less  numerous.  The  yearly  cost  is  something, 
and  is  covered  by  a  vezy  small  produce  and  a  low  price. 

Beeds  of  trees  that  fall  to  the  ground  germinate  and  strike  roots  into  the 
soil,  from  which  timber  arises  that  is  better  in  quality  than  the  trees  that 
grow  from  the  plants  of  tlie  nursery.  This  fact  is  well  knov\Ti  in  every 
timber  growing  quarter  of  the  known  world.  When  the  timber  is  used  by 
the  saw  and  chisel  of  the  workman,  the  operator  can  tell  if  the  materials 
had  grown  from  the  seed  or  the  plant,  the  former  being  cleanest  in  the 
fibre,  and  presenting  a  smoother  snrfiM^e  from  the  action  of  the  tools.  It 
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Timber  bc«t  follovm  Hot  the  seects  of  trees  be  tMdfy  acttterod  on  flie  Umd 
trom  seeds.  jg        planted  and  allowed  to  genmnAte  and  strike  roots 

into  tJie  g^round  as  in  nature's  way.  The  seeds  are  mixed  in  a  large  va- 
riety, BO  til  at  success  be  the  more  certain,  and  gown  by  band  in  at  least 
four  buatels  on  an  acre.  It  will  be  advantageous  that  the  gnus  on  the 
sarfaoe  be  not  oonamned  by  any  animals  for  some  years  before  the  eeeds  are 
sown,  bat  allowed  to  &U  and  decay  yearly,  which  will  afford  a  bed  of  ye- 
getable  earth  for  the  germinodon  of  the  aeeds  and  attaching  of  the  toots  to 
the  ground*  The  young  plan.ts  will  grow  in.  a  thick  condition  as  front  the 
inserted  atems ;  the  thriving  individnals  will  rise  and  form  the  crop : 
and  the  inferior  growths  vv-ill  dwindle  into  underwood,  or  be  altogether 
Ta  IM  Mwn  6^^^^P=i^'^^^-  'T^^''  quantity  of  seeds  must  be  very  ample,  and 
^^J^       when  a  failure  ia  observed  in  the  first  and  second  years,  another 

sowing  most  be  done  in  a  smaller  quantity,  and  every  means 
nsed  to  obtain  a  fioll  crop  on  the  gronnd.  All  yermin  that  eat  tender 
shoots  and  gnaw  the  baiks  of  trees  must  not  be  present ;  and  the  fendng  of 
the  sown  grounds  must  be  yery  secure.  The  collection  of  seeds  for  use 
will  supersede  the  nursery,  and  a  yery  considerable  expense  will  be  saved. 
Nature:  has  shown  the  way  ;  and  the  results  are  superior  to  the  mode  that 
is  now  followed,  wkick  employs  much  more  time,  and  expends  a  larger 
cost.  The  stem  of  the  nursery  being  cut  close  by  tlie  grranid  when  the 
tree  is  planted,  sends  forth  a  yigorous  shoot,  which  grows  far  more  luxu- 
riantly than  the  old  stem ;  and  this  shows  the  superiority  of  every  growth 
from  the  podtion  where  the  yegetation  is  to  be  permanent,  and  the  seed  is 
more  vivacious  than  any  stem. 

The  aT>ov(;  detailed  system  of  very  thick  planting,  which  promotes  an 
upright  straiglitness  of  growth,  and  kills  the  nnder-branches  without  the 
mangling  of  the  pruning  procehs^,  is  founded  on  nature  in  the  fir«»t  place, 
Dnko  of      aad  has  been  illustrated  by  the  practice  of  the  Duke  of  rortland 

on  his  extensive  landed  estates,  in  the  counties  of  Nottingham 
and  Northumberknd,  and  in  Ayrshire,  m  the  weat  of  Scotland.  His  Grace 
is  known  as  the  originator  of  several  most  correct  practical  maxhotis  on 
iiit  Mtfhoiify  various  agricultural  snlgects,  which  are  introduced  and  practised 

with  a  most  eztensiye  benefit,  and  are  never  disturbed  by  any  of 
the  evanescent  theories  of  the  day.  Onr  opinion  has  ever  admired  the 
planting  of  trees,  as  now  detailed,  and  for  which  an  appeal  is  made  to  his 
authority;  thesybtem  has  an  unerring  law  of  nature  foritn  base,  and  reason 
for  its  guide.  On  the  subject  of  planting  acorns  and  placing  young  trees, 
OommDiM-  Grace  writes  in  a  private  letter  on  the  matter : — **  Fine  large 
^  acorns  produce  very  superior  plants  for  some  years ;  but  I  do  not 
think  I  have  seen  that  superiority  disappear  till  after  the  expiratioiL  of 
more  than  seven  years. 

"I  am  quite  satisfied  that  the  efleot  of  double  trer^hing  is  to  operate  a 
permanent  benefit.  I  did  not  see  this  effect  in  a  plantation  till  it  was 
twenty  years  old.  It  was  by  mere  accident  I  discovered  that  effect;  but  I 
have  since  acted  upon  it  extensively,  and  subsequent  eiqierienoe  has  con- 
firmed the  trnth  of  the  appearancee.   The  roots  of  flie  plants  work  more 
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easily,  get  sooner  out  of  reach  of  the  effects  of  the  aim,  and  the  nin  sinking 
deeper  into  the  eartli,  is  not  so  soon  evaporated." 

In  the  matters  of  planting  and  draiuiug,  our  work  has  adopted  his 
Giaee's  practicej  as  the  most  just  in  principle,  and.  efficacious  in  the  reault. 


CHAPTBJt  VII. 

MEADOWS  AND  EMBAl^KMBNTS,  BEDS  OF  RIVEBS, 
WATER  COURSES,  AND  FLOODED  GROTODS. 

Lands  tiiat  are  low  in  position  and  fiat  on  the  snr&oe  are  exposed  to 
floods  of  water,  whidi  usurp  the  dominion  of  the  ground,  and 
damac^e  the  productive  quity  of  the  soil,  owing  to  the  time 
of  the  possession  by  the  watery  element.    This  damage  equally  ensues, 
whether  tlie  ground  1)0  in  an  arable  condition  or  used  in  a  state  of  grass, 
for  the  starvation  of  the  laud  )iy  the  water,  produces  a  low  state  of  tem- 
perature ia  the  soil,  which  continues  for  some  time,  and  very  „ 
mudi  retards  vegetation.    These  grounds  are  mostly  grazed  s«*™«d«. 
by  animals,  during  tibie  periods  when  the  inundations  of  water  are  abse' 
but  in  many  cases,  the  arable  condition  would  be  very  profitable,  it  the 
presence  of  the  water  coul  d  l)e  averted.  The  low  position  of  the  inundated 
grounds,  presents  a  formidable  barrier  to  the  removal  of  the  water,  as  the 
descent  induces  a  sluegisb  motion,  and  retards  the  escape  after  the  liquid 
has  been  direeted  into  a  jn-opor  channel.    This  obstacle  has  exerted  mudl 
influence  on  the  operations  of  embanking,  and  has  very  much 
perplexed  tbe  arrangements  for  the  purpose.   Where  the  fall  of  ^*™*"'* 
the  ground  affords  a  quick  descent  of  the  water,  the  process  is  com- 
paratively very  easy,  aa  it  only  remaina  to  provide  a  channel  and  turn 
the  water  into  it   Jbi  other  cases,  the  channels  are  over-charged  and  burst 
by  the  bulk  of  water,  or  are  always  full,  and  throw  back  the  water  into  the 
smaller  outlets. 

Embanking  may  be  ju-stly  termed  the  first  branch  of  engineering  that 
has  been  practised  by  the  liuman  race.  Observation  soon  showed  to  the 
eye,  that  low  grounds  were  the  most  fertile  that  were  situated  along  the  sea 
shore,  and  on  tlie  banks  of  rivers,  and  that  tbe  quality  was  damaged  by 
the  inundations  of  water  on  tiie  sur&ce,  tuad  ihai  the  area  was  gradually 
lessened  hy  the  invasion  of  rivers,  seas,  and  lakes.  Measures  were  not 
long  in  being  used,  for  the  purpose  of  averting  the  damage ;  and  tifaie 
monumenti  yet  remain  over  all  the  countries  ^  the  andoat  Tiiefint 
world,  where  arts  and  sciences  were  brought  into  life,  and  •■^■••^'Si 
cradled  into  use.  Tlie  alluvial  shores,  wide  plains,  and  fertile  deltas,  are 
found  to  be  protected  against  waste  and  temporary  damacrp,  and  the 
confined  water  is  directed  in  small  channels  for  the  purpose  of  conferring 
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the  benefits  of  imgatioii  oa  the  gronnde  that  are  seoored  from  the  nrrages 
ofnatnie.  Every  ootintry  of  modem  Europe  exhibits  the  marks  of  this 
is  Hbiiaiid'  art— the  dikes  of  HolUmd,  are  marvels  of  hmoan  industry 

— and  the  emliankmoTit  of  the  river  Po  in  Italy  shows  a  skill 
and  applicatiou  of  the  practice  that  excites  universal  admiration.  Tn 
the  former  country,  tiie  ocean,  inland  eeaa,  and  rivers,  are  prevented 
and  confined  within  proper  limits :  the  sediment  of  mud  that  is 
carried  by  the  rapid  torrents  from  the  hi^er  gromids,  sinks  in  the 
channel  of  the  rivers  simI  raises  the  oonrse  of  the  water  above  the 
ikitair*     atirroiinding  level,  where  tiie  inhabitants  have  their  homes, 

and  cultivate  the  grounds.  A  rupture  of  these  banks 
would  inundate  a  whole  region  of  conntry,  devastate  tlu;  property,  and 
proliahly  dro\sTi  many  thoiisunds  of  people  :  yet  such  is  the  feeling  of 
security  produced  by  the  skill  and  labour  of  centuries,  in  devising  and 
repairing  these  artificial  momids,  that  no  dread  is  ever  expressedf  and  a 
bank  of  mnd  is  felt  snffident  to  repel  the  floods  of  rivers  and  the  storms 
of  the  vocean.  The  river  Po  rushes  impetuously  from  high  grounds  into 
the  valley  of  Lombardy,  and  runs  duriiig  the  half  of  its  course  of  300 
miles  into  the  Adriatic  sea,  over  a  country  of  allmHal  flat,  where  the 
descent  i?  small,  and  the  course  is  slow  and  iilu.trgisli ;  the  bulk  of  the 
water  is  much  swollen  by  the  dissolved  snows  of  the  Alps,  and  the  torrents 
carry  along  vast  quantities  of  fine  earth  that  is  torn  from  the  high  gromids 
which,  on  reaching  the  low  country  where  the  water  moves  slowly,  or 
almost  stagnates,  sinks  to  the  bottom  as  sediment,  consolidates,  and  elevates 
trith  the  of  the  river.    This  natural  course  of  centuries  has  raised 

river  Po ;  channel  of  thp  water  above  the  surrounding  country,  and 

embankments  were  raised  at  an  ea7-ly  aire  in  order  to  guard  the  labours  of 
man  from  the  ravages  of  the  unloosened  waters.  These  lianks  are  models 
of  skill  and  industry — of  ingenuity  in  the  plan,  and  of  perseverance  in  the 
maintaining  of  the  bulwarks. 

in  Britaia.      ^  Britain,  the  embanking  of  grounds  exposed  to  damage  and 
d^adation,  teems  to  have  been  begun  at  an  early  period  of 
time,  though  probably  not  before  the  Roman  conquest   The  Romney 

marsh  and  the  flat  grounds  of  the  estuary  of  the  Thames,  may  have  been 
the  work  of  the  Roniani,  who  had  attained  much  knowledge  of  the  art, 
and  were  ever  ready  to  communicate  their  acquirements  to  the  victims  of 
their  conquering  policy.  After  the  retreat  of  these  improving  adventurers, 
the  art  of  embanking  slept  in  the  general  slumber  of  the  human  mind 
for  the  dark  period  of  one  thousand  years,  and  revived  in  the  rixteenth 
century,  along  with  the  nniversal  resurrection  of  arts  and  sc|,ence8,  men 
and  manners :  foreign  intereonrse  showed  the  policy  of  Holland,  which 
country  sent  engineers  to  Britain,  who  commenced  w"ith  thp  draining  and 
embanking  of  the  fens  of  Lincolnshire,  where  the  sea  conies  far  inland  by 
reason  of  the  flatness  of  the  alluvial  formation  of  the  country,  and  the  de- 
scending rivers  are  prevented  the  discharge  of  the  waters  into  the  sea  which 
are  consequently  thrown  bsck  upon  the  surface  of  the  ground.  Two  centuries 
of  repeated  attemj)ts  have  scarcely  sufficed  to  complete  <he  emancipation 
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of  these  overflowed  districts ;  but  the  operations  have  very  much  conduced 
to  advance  the  skill  of  the  art  of  embankiiig,  and  have  shown  the  priuciples 
in  many  different  forms. 

There  are  three  applications  of  the  use  of  embankments,  in 
gpuardiog  the  encroachments  of  the  sea,  in  turning  away  occasional  of  mhuA- 
floods  of  water  from  the  sar&ce  of  flat  lands,  and  in  preventing 
the  waste  of  alluvial  lands  l^y  the  invasion  of  rapid  streams  or  torrents 
that  tear,  wastp,  and  carry  away  the  soft  and  imri'fi.stintj  earthy  acpumu- 
latiou  of  tender  ingredients.    The  .shonts  of  the  .sea  are  most,  generally 
either  rocky  or  bandy,  which  are  usieless  for  cultivable  purpoues  of  any 
kind,  and  the  cases  are  not  many  where  the  ocean  intrudes  on  grounds 
that  are  worth  any  cost  and  labour  In  the  defence.   There  are 
some  few  instance  of  such  an  occurrence,  but  the  greater  part  SSL]?*** 
happens  in  the  case  of  inland  seas  or  estuaries  that  penetrate  the 
country,  and  on  the  sides  of  which  the  alluvial  flats  have  been  formed 
that  require  to  bo  protected.    Tn  these  situations,  the  force  of  the  sea  is 
much  less  than  of  the  open  ocean — the  tides  rise  gently,  and  the  winds 
have  a  very  diminished  ofifect.    The  tides  art.'  not  impulled  l>y  furious 
winds  blowing  in  the  same  direction,  and  the  mixture  ol  f  resh  water  very 
much  lessens  the  power  of  the  briny  liquid.   But  the  barriers  to  be 
opposed  are  the  saane  in  both  cases,  as  the  resistances  come  forward  in  the 
same  manner,  and  are  formed  of  similar  elements. 

End>anking  is  based  upon  very  simple  principles,  but  the  application  of 
them  to  practice  requires  hoth  skill  and  experience.    The  fundamental 
principle  is,  that  a  liquid  presses  u()on  any  resisting  solid,  not  by  any 
dimensions,  or  general  properties  of  the  fluid,  i)ut  solely  with  a  faoBtnJjrin 
force  proportionate  to  ita  depth.   Ilence  when  a  perpendicular 
hank  is  opposed  to  a  body  of  water,  it  has  to  sustain  the  pressure  of  the 
depth  of  the  body,  and  undiminished  by  any  assistance  that  can  be  given 
at  it  This  is  a  fixed  law  of  fluids,  and  carries  along  with  it  the  simplest 
conviction  of  practice.   It  only  remains  to  convert  the  deep  pressure 
laterally  Into  a  shallow  depth  vertically,  and  thus  reduce  the  opposition 
from  an  impinging  force  into  a  rolling  harmlessness  of  motion.    On  this 
principle,  soft  materials  being  hardened  into  a  body,  are  equally  useful 
with  the  iim-aest  rocks,  or  even  walls  of  cemented  ma.90nry ;  and  have 
the  sur&ce  so  levelled  and  crusted,  as  that  the  ripple  of  the  rolling  water 
does  not  make  a  breach,  or  form  any  beginning  of  damage.    Tjanim  are 
made  with  compacted  earth,  in  the  dimensions  of  three  feet  of  base  to  one 
of  perpendicular  height  The  slope  is  set  to  the  sea,  and  covered  mth 
turf,  the  pieces  of  which  are  &8tened  to  the  sur&ce  hy  means  of  hooked 
wooden  pegs.    This  growth  of  grassy  surface  presente  the  best  of  all 
materials  ou  wliieli  waters  roll  without  doing  damage,  and  it     Best  mile 
is  fed  by  the  alternate  benefits  of  beino-  dry  and  liaviuLr  a  waterv  "^^'s- 
covering.    The  mound  may  be  six  or  eight  feet  wide  on  the  top,  and  have 
a  slope  to  the  land  of  one  and  a  half  feet  of  ba^e  to  one  of  height,  or  ahout 
one-half  of  the  seaward  slope ;  the  whole  construction  being  quickly  and 
careMy  covered  with  turf,  and  bemg  duly  attended  and  repaired,  will 
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very  soon  become  a  gruay  barrier  of  much  strength,  which  will  bear  an 

intruBiou  beyond  its  appeamsoe. 

It  ia  » law  bott  of  theory  and  of  experience  that  the  greater  slope  of  a 
gloMof       bank,  tin;  more  cfiectually  it  performs  the  object  of  ita  purpose, 
and  its  end  as  a  reainting  surface.    There  is  no  precise  rule  for 
the  degree  of  slope,  because  it  depends  on  tbe  natnre  of  the  materials  of 
the  ban^,  and  on  the  degree  of  exposore  to  the  winds,  waves,  and  carrenta 
of  the  tide;  but  it  should  rather  be  above  than  below  the  average  now 
stated,  of  three  feet  of  base  to  one  of  height,  and  in  no  case  below  two  to 
one,  even  where  the  resistance  appears  to  be  very  much  reduced  in  force. 
The  height  must  be  above  the  highest  known  rise  of  waters,  which  must 
not  wash  over  the  top  of  the  bank,  and  the  nlope  height  may  be  six  feet 
above  the  water  line.    "Much  care  is  required  in  foriiiing  the  slope  of  the 
])ank  to  the  sea,  in  order  to  prevent  any  breach,  or  abrasion  of  the  surface; 
the  earth  is  beaten  ixard  wUh  mallets,  and  the  grassy  torf  is  best  taken 
from  the  sea  shore,  when  the  plants  will  be  proper  to  the  maritime 
situation,  and  maybe  cbiefiy  the  aea  car»,  the  upright  sea  lyme  grass,  tiie 
sea  rushy  wheat  grass,  and  certain  lands  of  the  sedge.   The  creeping 
roots  of  the  plants  extend  beneath  tbe  sur&ce,  bind  the  loose  earth  of  the 
bank,  so  aa  to  enable  it  to  resist  tbe  continued  action  of  the  waves.   A  thin 
ooating  of  straw,  and  goTnetimes  fascines  of  osiers,  or  branches  of  any  kind 
are  pinned  down  on  the  bank  to  form  a  kind  of  thatch  :  but 
the  s^imple  tnrf,  when  laid  with  care  on  a  well  prepared  bank,  is 
the  most  gnfQcient. 

Wbere  banl&B  are  exposed  to  high  rolling  tides  that  are  driven  in  fiiry 
by  storms  of  straight  in-blowing  winds,  the  necessity  occurs  of  driving 
into  the  ground  two  rows  of  piles  in  three  or  four  yards  between,  and 
filling  the  empty  space  with  Ihe  largest  stones  that  can  be  found.  This 
front  barrier  being  placed  in  twenty  feet  distant  from  the  grassy  bank, 
will  act  as  a  hrcalcwater ;  the  fnry  of  the  waves  is  broken  hy  it,  the  water 
passes  through  the  b)ose  mass  of  sr^tones,  gather?  in  a  phicid  body  between 
the  barrier  and  tbe  baidc,  and  rolls  upon  the  latter  like  a  standing  pjool  that 
is  gently  moved  by  a  force  that  is  distant  and  little  troublesome.  Where 
stones  are  scarce  and  wood  abounds,  the  piles  may  be  driven  into  the  ground 
Front  vfo.    almoet  close  together,  wh^  the  quantity  of  them  will  oonstituto 
the  barrier,  but  stonra  are  preferable  where  found  within  a 
reasonable  distance.   The  bottom  of  the  grassy  bank  will  be  in  no  dauger 
of  being  undermined  from  the  quiet  re-assemblage  of  broken  waters  as  by 
the  forione  lashings  and  peltings  of  the  merciless  heat  of  briny  waves  that 
search  every  access,  and  explore  everv  cre\'ice.    To  prevent  the  very 
smallest  entrance  into  the  bank  being  obtained,  in  case  of  there  being  no 
breakwater  erected,  the  bottom  of  the  bank  in  the  grassy  turf,  must 
underlie  the  slimy  ground  of  the  shore,  and  the  hardened  mud  on  which 
the  water  rolls  must  overlap  the  tnrf  of  the  base  of  the  mound,  and  conduct 
the  roll  of  the  water  from  ito  own  slope  to  the  gras^  bonk  without  any 
obstacle  intervening  at  the  junction  of  the  mound  wiOi  the  shore.   If  the 
water  beate  against  any  resistance,  it  will  soon  make  ite  way,  and  an  entry 
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once  fonnd  will  qviddy  lead  to  aa  orerwhelming  destnictioiL  The  wbole 
secret  lies  in  makixig  water  always  roll  npon  the  reeistance,  but  never  to 
impinge  against  it    Where  streams  of  water  from  the  country  most  pasa 

thrciugli  the  bank  into  the  aea,  a  suitable  oppning  must  bo  left  in  oiH-ningiia 
the  mound,  and  buiit  with  solid  masoTiry,  of  the  size  to  permit  the  ^^'^^'^  '• 
free  pgreps  of  tho  largest  quantity  of  water  ever  kuown  to  deinand  ad- 
mittaace  j  wheu  the  tide  ia  ebb,  the  discharge  is  free  aud  eatjy  through 
this  opening  of  the  fresh  water  from  the  land ;  and  when  the  tide  rises,  it 
will,  if  nnrestrained,  pass  through  the  orifice  and  inundate  the  flat  lands 
which  the  bank  was  erected  to  defend.  To  prevent  this  intmsion,  a  gate 
of  thick  boards  strengthened  with  iron  bars,  is  suspended  hy  hinges  to 
shut  the  opening  as  dosdy  as  the  wood  and  stone  wall  can  be  fitted  to  join. 
The  running  water  from  the  country  pushes  the  gate  before  it,  and  keeps  it 
open,  and  runs  freely  into  the  sea—when  the  tide  rises,  a  lieavicr  force  of 
water  rolling  against  the  gate  shuLa  it,  by  which  tlie  sea  water  is  excluded, and 
the  iVesii  water  from  the  land  is  confined  inside  the  bank  till  the  tide  recedes, 
when  the  gate  is  opened  by  its  superior  weight  against  the  gMMor 
receding  tide,  and  the  congregated  watm  escape  through  the  dnieett 
opening.  This  arrangement  provides  a  bed  inside  the  barrier  in  which  the 
assemblage  of  fresh  water  rests  without  doing  harm  during  the  presoice  of 
the  tide  outside ;  bat»  except  during  very  heavy  land  floods,  the  quanttty^ 
will  be  vastly  inferior  to  the  tides  that  were  formerly  admitted,  and  there- 
fore much  surface  will  be  secured  from  overflowing.  This  simple 
mechanism  is  applied  to  one  river  {lowing  into  another  as  well  as  running 
into  the  aea ;  the  inferior  stream  is  overpowered  by  the  greater  presoure 
of  the  main  river,  but  being  collected  inside  a  mound,  and  a  gate  bdng 
provided,  it  will  open  the  sluice  when  it  equals  in  weight  the 
quantity  of  water  outside,  and  flow  away.  But  the  waiting  con-  "  with 
gregation  of  waters  is  often  inconvenient  *  ^ 

A  more  costly,  but  a  generally  more  effectual  mode,  consists  in  leaving'  no 
opening  in  tlie  bank:  but  collecting  the  inside  watery,  and  erecting  a 
steam  pump,  by  the  constant  working  of  whieli  the  river  is  hoisted  over 
the  barrier  in  continued  discharges.  Tiii;i  mode  is  essential  in  caaes 
where  the  country  is  below  the  level  of  the  sea,  as  is  frequent  in  Holland 
and  in  the  fenny  districts  of  England.  The  steam  is  superior  to  the 
windmill,  or  to  any  power  yet  known,  by  reason  of  the  steadiness  and 
constancy  with  which  it  acts ;  and  the  pump  is  preferable  to  jt,ji^ 
wheels  and  buckets,  in  being  less  cumbersome,  easier  managed, 
and  less  liaijle  to  accident. 

When  the  raising  of  an  embankment  occurs  on  ground  that  is  covered 
by  every  tide  that  flows,  the  difficulty  is  vorv  perplexing  in  sceuriug  the 
works  as  it  proceeds,  against  the  tides,  aud  also  against  the  storms  and 
gales  that  may  occur.  The  near  completion  of  the  work  is  firequently 
thrown  back  to  a  beginning  by  some  slight  breadi,  which  leads  to  an  over- 
.  throw  of  the  whole  strocture.  Practical  skill  and  resources  are  im- 
peratively necessary  in  the  chief  operator  who  directs  the  works,  and 
cauti<m  and  foresight  are  nowhere  more  in  request  The  most  secure 
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way  is  to  make  a  temporary  fence  by  means  of  piles  and  stonea  in  front  of 
the  mound  being  erected,  wMch  will  bicak  the  stonnB,  and  guard  from 
diimage  tlie  erection  till  flie  work  be  completed,  whan  the  protection  may 
be  removed.  The  dam,  if  not  wholly  doee,  will  at  least  turn  away  the 
chief  parte  of  the  water.  Such  a  gnaid  ia  almost  indispensable  where  the 
water  is  a  regular  attendant* 

These  descriptions  gwrd  against  the  overflowings  of  land  by  tidal 
estuaries,  that  are  often  augmented  by  fresh  water  tiorxls  of  the  streams 
or  rivers  that  flow  into  the  arms  of  the  sea.  The  llatnesa  of  the  alluvial 
AOnwiii  valley  permits  the  accent  of  tlie  tide,  and  the  lateral  low  surface 
^"'^  of  the  ground  allows  the  spreading  of  the  commingled  waters. 
Where  the  tide  of  the  sea  cannot  rise  the  ascent  of  the  country,  the  allu- 
vial  valleys  still  remain  very  flat,  and  the  rivers  that  flow  tiirough  tb  in 
are  dow  and  sluggish  in  the" course,  and  when  swollen  by  heavy  falls  of 
rain,  or  by  melted  snowB,  the  adjacent  meadows  are  overflowed  l  y  the 
excess  of  water,  and  damaged  by  the  cold  appHcatioTi.  The  protection  of 
these  grounds  from  damft!?e,  occupies  tlio  next  Mtteulion. 

Rivers  are  the  great  natural  <-hannels  tV>i-  conveying  the  surplus  waters 
of  the  globe  to  the  ocean,  which  is  the  general  receptacle.  The  hollows 
and  sinuosities  of  the  earth  generally  regulate  their  course,  depth,  and 
width  of  chamiel,  and  are  all  dependent  upon  physical  laws,  which  are  as 
usual  seen  to  be  connected  with  a  purpoae  or  design.  The  channels  are 
variously  excavated :  when  it  is  wide,  the  velocity  of  the  water  is  reduced ; 
when  contracted,  the  water  runs  fester,  and  the  depth  increases;  the 
current  is  retaided  by  a  tortuons  chaimfl,  and  qnickenod  by  a  Rtraight 
conrse  :  when  the  water  Tindermlnes  a  bank,  it  is  only  hewing  out  a  more 
suitable  channel,  and  the  tide  is  sought  to  be  shut  out  by  a  bar ^of  mud 
being  thrown  across  the  mouth  of  the  outlet.  These  adaptations  are 
termed  the  regimen  by  engineers,  and  so  far  from  being  the  result  of 
chance,  is  dependent  upon  laws  that  permit  the  usual  mvestigation.  When 
Bed.  of  <itese  operations  of  the  river  interfere  with  the  vrorks  of  man, 
reason  instructo  him  to  facilitate  the  natural  operations,  or 
present  obstacles  to  their  accomplishment  as  shall  suit  his  own  purposes. 

A  trough  is  the  natural  cliannel  of  a  river,  and  the  deviations  from  this 
form  are  occasioned  by  st^ep  bank?',  a  harrier  of  rocks,  or  greater  or  leas 
resistance  of  the  surface  strata,  wlieu  the  stream  of  water  is  diverted  into 
pools,  shallows,  and  eddies,  and  excavation  of  the  banks.  The  solidity  and 
pennanence  of  the  banka  depend  in  part  on  the  inclination  of  the  sur&ce, 
the  hardneaS)  tenadty,  and  amoothneas  of  the  materials,  and  on  the  degree 
of  parallelism  that  is  praserved  between  the  course  of  the  bank  and  the 
impinging  current.  Tortuous  courses  of  bodies  of  water  pre. 
«"~  sent  an  angle  of  resistance  to  the  moving  fluid,  wliich  being 
enlarged  in  volume  acts  ^\^th  %nolence  against  an  earthy  accumulation,  tears 
the  mass,  and  carries  away  the  dissolved  materials.  The  ilat  soils  of 
alluvial  formation  are  [gradually  wasted  and  reduced  ui  the  superficial 
area  by  these  invasions  oi  watery  bodies,  and  the  protection  of  the  cul- 
tivated lands  becomes  a  business  of  constant  attention.   In  waters  of  any 
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cons^erablc  depth,  the  most  efficient  proteodon  of  the  banks,  k  made  by 

driving  one  or  more  rows  of  stronsr  and  lengthy  poles  deeply  into  the 
bottom  of  the  river,  at  the  distance  of  about  eight  or  ten  feet  from  the 
bank,  and  fiiliug  the  inUrvening  space  with  very  largo  stones.    The  row 
of  piles  latist  be  placed  in  a  dixectioii  of  presenting  to  the  moving  waters 
as  aharp  an  angle  of  contact  as  can  be  obtained,  as  this  provision  veiy 
much  relieves  the  pressure,  and  throiro  off  the  impending  weight   In  the 
absence  of  birgc  stones,  I^tskets  of  strong  osiers  are  filled  with  small  stones 
and  Bunk  in  the  bed  of  the  vacant  space  b^ind  the  piles,  and  in    xittmob  «r 
other  caaee,  bundles  of  broshwood  are  placed  behind  tbe  piles, 
and  held  in  the  positi(jii  by  ligaments  of  some  land  I'cing'  fastened  around 
the  stakes :  in  this  position,  the  sediment  lodges  among  the  tvvigB,  and 
conaolidatea  into  an  earthy  hank.    The  large  piles  of  wood  by  which  the 
whole  provision  is  sustained,  must  be  used  in  quantities  as  may  appear  to 
be  necessary  from  the  materials  that  can  be  obtained.  The  weight  of  large 
stones  v^iy  soon  finds  &  bed  of  repose — ^it  only  rmains  to  have  two  rows 
of  piles  firontang  tihe  river,  which  will  prevent  the  rolling  of  the  stones  into 
the  deep  trough  of  the  channel — small  stones  will  require  the  front  piles  to 
be  thicldy  planted,  and  aha  eioas  rows  at  no  great  distances  extending  to 
the  hank.    The  placing  of  the  piles  must  be  thicker  for  brush-  varfom 
wood,  the  bundles  of  which  are  pressed  and  held  down  by  planks 
that  are  joined  to  the  driven  piles.  A  very  effectoal  defence  is  erected  by 
forming  a  slope  bank  of  stones  and  planks,  ezt^iding  from  the  top  of  the 
basiik  of  the  river  forwards  to  the  bottom  of  the  water,  of  which  the  sur&oe 
ia  lozenged  with  cross  and  lon^tudinal  pknks  of  timber.   The  water  rolls 
upon  this  sloping  surface,  as  upon  the  grassy  banks  that  have  been  de- 
scribed, and  though  it  be  costly,  it  forms  the  most  complete  barrier  that 
can  be  furnished.   But  in  the  most  cases,  the  rows  of  pih  a,  v.  ith  some  hard 
or  consolidating  materiala,  placed,  behind,  will  be  adopted. 

When  waters  run  in  a  straight  course,  little  or  no  damage  jb 
done  to  the  banks  whidi  confine  the  current :  but  when  the  bed  S^&*  *^ 
is  narrow  and  the  line  crooked,  the  water  is  broken  or  displaced 
in  the  particles,  and  the  agitation  that  is  produced  carries  forward  violence 
and  destruction  to  all  oppoeing  obstacles.    Tbe  cnnrse  of  rivers  must  be 
straight,  or  m  nearly  so  as  possible,  and  all  attempts  to  alter  or  improve 
the  line  of  currents  must  ajjproaeli  to  that  design.  All  bends  of  rivera  mu.st 
be  assimilated  to  the  straight  line  by  uaing  the  large&t  circular  sweep  that 
can  be  got,  and  the  barriers  that  are  presented  to  an  impinging  current^ 
must  not  offer  a  right-angled  resistance,  but  receive  the  force  in  a  aharp 
divergence,  and  throw  off  the  brunt  of  the  violence.  This  adoption  forms 
an  approach  to  the  straight  Kne,  and  though  not  straight  itself,  it  throws 
the  water  into  Ktraight  course  till  it  meets  a  similar  obstacle,  when  it  is 
similarly  treated.    In  Tiiaking  new  courses  for  water,  or  in  improving  old 
ones,  it  is  a  grand  blunder  to  confine  the  current;  water  spread  abroad  is 
very  harmless,  and  damage  arisea  from  large  collections  that  are  coniined 
in  the  movement  and  agitated  in  the  course.   A  tendency  must  Bed*  mm  t» 
ever  be  manifested  to  widen  rather  than  contract  the  beds  of 
3o 
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rivers,  and  to  straighten  the  lines  of  course  whenever  a  bare  poesibility  exists. 
Ne(^s  of  land  may  be  otten  cut  through  witli  advantage  in  order  to  obtain 
a  atraiglit  course,  even  at  a  present  Bacrifice  of  value  in  the  land  that  may 
be  nsed:  the  gradual  damages  of  future  waste  wUL  reach  the  amountand 
exceed  the  present  expenditure. 

The  notice  now  made  provides  against  the  damage  done  hy  flie  force  of 
cnrrents  of  water  niBhiTig  ngainst  the  banks  of  soft  eartlis  that  are  unable 
to  resist  the  pressure;  an  iujury  is  ako  sustained  hy  mea(h>w  lands  being 
occasionally  iiooded  by  swollen  rivers,  which  overtiovsr  the  banks  and  Mag- 
nate the  waters  on  the  adjoiuing  grounds.    Summer  floods  vdll  often  come 
during  hay  harvest  and  sweep  away  the  cocked  and  tedded  hays,  or  mix 
with  sands  and  mud  the  umnown  herbage,  and  render  it  useless  for  any 
noodid      purpose.   These  floods  bemg  spread  abroad  are  not  violent  in 
B«»«°^     the  action  or  large  in  force;  the  intrurion  is  easOy  averted,  and 
the  direction  controlled-  A  Imnk  is  raised  of  the  materials  of  the  ground 
on  the  perpendicular  heis:ht  of  three  feet,  which  will  overtop  the  hip^hest 
flood  that  may  occnr.    The  base  will  extend  t^n  feet  towards  the  river, 
which  will  afford  a  very  gradual  alope  of  vertical  height.  The 
mound  may  be  almost  perpendicular  on  the  field  side,  as  the 
hank  has  not  to  sustain  a  force  pressing  directly  upon  it»  as  in  tihe  case  of 
the  tides  of  the  sea  that  rise  with  a  constant  appointment ;  it  lies  in  the 
direction  of  tiie  current  of  the  river,  and  has  only  to  support  the  weight  of 
a  fluid  body  that  glides  along  its  exterior,  but  does  not  exert  an  action 
upon  its  constmcted  strength.  Tt  has  only  to  show  the  course  to  the  water, 
and  not  to  impede  or  obstruct  it ;  the  outspread  water  is  restrained,  but 
not  dei»ied  any  prescribed  course.   The  bank  mmi  recede  some  little  dis- 
tance from  the  bank  of  the  river,  and  he  so  directed  along  its  course  as  to 
avoid  any  abrupt  turning  or  hollows  where  the  waters  can  lodge  and  press 
with  w^ht ;  tiie  exterior  slope  must  be  convex,  and  the  line  must  be  uni- 
formly gradual  in  the  hendings,  and  afford  the  water  an  easy  rolling 
motion,  without  any  ripple  or  displacement  of  the  partides.   The  hank  is 
constructed  of  hard  rammed  earths,  that  are  covered  with  ji^raesy  turfs, 
and  may  be  one  yard  in  width  on  the  top.    Care  must  be  \ised  that  the 
embankment  is  continued  to  the  first  current  of  the  overflowing,  in  order 
that  tiie  water  does  not  get  behind  the  mound  and  render  it  of  little  avail. 

In  alluvial  countriea,  as  now  desmbed,  the  grounds  are  flat, 
and  the  currents  of  water  are  slow,  and  hence  the  means  of  pre- 
vention of  ham  are  adapted  to  these  qualities.  Bivers  of  greater  or  less 
magnitude,  that  flow  from  hilly  conntries,  are  rapid  in  the  course  from  the 
&11  of  the  gfround,  and  liable  to  very  sudden  risings  of  water,  by  reason  of 
heavy  rains  in  the  mountains :  the  impetuous  course  contimieB  till  the 
flat  country  is  reached,  and  before  lliat  period,  much  damage  is  done  by 
the  raging  watei's  rolling  against  the  banks,  tearing  away  the  loose  soil  in 
the  narrow  alluvial  valleys  through  which  the  nver  flows,  whidi  very 
often  amounts  to  a  total  alteration  of  the  course,  when  a  bed  of  gravel  is 
left  for  the  new  bed  that  is  taken  irom  the  cultivated  lands. 
These  hilly  grounds  and  narrow  valleys  produce  more  headings 
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than  Iiappen.  in  wide  plains,  and  the  soil  being  Diostly  of  gravelly  loam, 
the  mete  is  easy,  and  the  demolition  very  quick.  The  gravel  which  is 
carried  along  hy  the  torrent  is  nsnally  heaved  against  one  side  of  the 
channel,  which  being  obetmcted,  the  water  is  driven  to  the  other  side,  and 
with  the  whole  force  and  weight  it  undermines  and  tears  the  soft  alluvinm 
of  which  the  flat  lands  are  formed.  The  power  of  the  w  iiter  is  most  pro- 
digiou-sly  augmented  by  the  narrnw  (■liaiiiu  ls  which  are  formed  hptween 
the  natm'al  hanhs  and  the  mouads  of  roiled  gravel  whioh  shiAs  with  the 
floods  and  lies  where  deposited. 

The  forions  rush  of  these  impetnous  torr^ts  requires  to  he  opposed  by 
the  strong  erection  of  very  hard  materials.  Solid  stone  work  is  the  beet 
resistance,  built  of  squared  blocks,  with  or  without  mortar,  and  raised  to  a 
height  beyond  the  highest  rise  of  the  waters.  The  form  of  the  bulwark  is 
sq^iarc,  and  longer  in  the  face  to  the  river  than  in  the  breadth  to  the  land, 
and  must  he  very  firmly  based  on  the  solid  substratum  that  is  reached  hy 
digging  through  the  aHuvial  mass  of  gravels  and  loose  earths.  The  bar- 
rier is  called  a  jetty,  and  is  placed  io  reeoive  the  current  of  the 
water  at  a  sharp  angle  of  divergence,  and  to  throw  it  off  easily, 
and  almost  without  seeming  to  stop  the  direction  of  the  stream.  An  ob- 
tnse  angle  of  divergence  will  throw  the  force  of  the  water  against  the 
oppoBit  c  haid^ ;  and  i£  the  bed  of  the  stream  be  narrow,  the  water  will  break 
it,  and  probably  cause  a  damage  equal  to  that  which  is  sought  to  be  pre- 
vented. The  jetty  mnst  throw  the  current  of  water  into  a  mid-dumnfti, 
and  not  against  either  hank  :  and  conseqnently.  the  face  of  the  stone  work 
must  he  in  a  straight  line  wdth  the  riiid-channel,  into  which  the  water  is 
wished  to  he  directed.  The  force  of  the  current  heing  broken  against  the 
jetty,  the  water  will  require  to  flow  for  a  considerable  distance  ^  breat  the 
ete  a  new  force  is  acquired,  unless  the  lall  of  the  country  be  '""^ 
very  great ;  and  when  a  fresh  current  is  formed  which  threatens  danger  to 
the  bank,  a  jetty  is  there  built,  which  turns  the  stream  as  before  into  mid- 
channel  and  clear  of  eilher  bank.  In  this  way  the  stream  is  conducted 
fro-ni  jetty  to  jetty  in  a  harmless  torrent  till  it  reaehes  the  placid  flow  of 
tile  level  country,  when  it  is  directed  by  the  embankments  of  the  former 
description. 

It  IB  useful  to  protect  jetties  in  front  where  the  streams  are  very  power- 
ful, by  placing  large  stones  in  a  loose  position  at  the  base  of  the  wallj  and 
raised  to  the  height  of  the  ordinary  quantity  of  water.  The  bottom  of  the 
heap  may  extend  to  three  or  four  yards  into  the  stream,  and  taper  to  one 
stone  at  the  top  where  the  loose  aggregation  leans  against  the  jetty.  The 
weight  of  each  single  block  must  be  si^ficient  to  secure  for  itself  an  im- 
moYcable  bed,  and  defy  the  force  of  the  water  to  change  the  position.  Tn 
the  substratum!?  of  clay  and  alluvial  earths,  strong  and  lengthy  wooden 
piles  may  be  driven  into  the  lied  of  tlie  stream,  as  has  been  men-  puMof  tin- 
tioned  before,  and  a  defence  formed  between  them  and  the  jetty; 
but  in  many  substrata  the  driving  of  piles  is  difficult,  and  the  looee  aggre- 
gation of  stones  will  be  preferred.  Both  ends  of  the  jetty  must  taper 
backwards  into  the  bank  with  a  wall  like  itself,  in  order  to  prevent  at  the 
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uj^er  end  fhe  ingress  of  water  1)elimd  the  bnilduigy  end  at  the  nnder  end 
the  eddying  of  the  8tr«am  into  a  coiner,  which  may  become  the  receptacle 
of  waters  that  may  seek  a  new  channeL  The  whole  Tolume  of  the  stream 
must  be  directed  into  a  mid-channel,  and  Asntlioixt  any  scattering  of  the 
sheet  of  water  towards  either  of  the  banks.  The  follccted  stream  will 
wear  a  cliannel  for  itself  by  the  weight  of  its  volume,  and  for  that  purpose 
every  encouragement  muBt  bo  given  to  direct  it  in  a  mass.  TIiIk  direction 
is  very  peculiarly  applicable  to  6treamfl  that  descend  an  alluvial  valley 
from  higher  grounds,  wkere  the  banks  are  in  composition  soft  and  easy  of 
dmnolition,  and  where  the  rapidity  of  the  torrent  soon  excairates 
to  be  tOmjB  a  bed  for  the  water.  It  is  not  here  meant  to  confine  the  bed  of 
any  river  of  water,  but  in  certain  cases  to  direct  the  body  of 
water  in  a  mid-channd,  which  will  keep  it  from  running  aguiut  the 
banks  and  tearing  away  tlie  land. 

Watercourses  are  beds  of  rivers  on  a  small  scale,  that  traverse  estates, 
farms,  and  plantations,  on  their  way  to  join  the  main  rivers  that  lead  to 
the  ocean.  A  aurface  of  undulations  and  sinuositicB  very  often  compelsj  a 
tortnons  course  of  the  waters,  and  a  formation  of  gravel  or  of  soft  allnvinm 
of  gronnd  gives  way  to  the  floods  and  torrents  that  ran  in  the  bended 
course  that  has  been  excavated.  These  torrents  are  chiefly  firom  floods  of 
rain  and  the  melting  of  snows,  and  are  conflned  from  doing  harm  at  the 
hidings  of  the  course  by  driving  into  the  ground  with  heavy  mallets  a 
row  or  two  of  stronj:^  stake?  in.  one  to  two  feet  distant,  and  weaving  a  fence 
with  the  branches  of  trees  in  tIk;  manner  of  a  basket.  The  space  between 
y^gHtf.  the  row  of  stakes  and  tlie  l)aiik  is  filled  with  the  largest  stones 
that  can  be  found,  among  wliicli  the  water  passes  and  deposits  a 
sedimmt,  which  in  time  fills  the  crevices,  and  the  mass  becomes  a  solid. 
The  wicker  work  having  the  tail  of  the  branches  in  the  direction  of  the 
^^^^  current,  directs  the  water  very  quickly  and  smootiily  along  the 
*  wattled  fence,  and  the  wall  being  open  to  the  passage  of  the 
water  through  it,  no  solid  resistance  is  offered  to  the  current,  but  rather  a 
breakvroter,  which  directs  Init  does  not  ohstmct  the  course.  Small  rivu- 
lets that  are  only  periodical  .streama  of  any  size,  are  fenced  in 
this  way  by  upright  walls  of  wicker  work  hacked  with  stonea; 
and  larger  brooks  are  guarded  with  a  sloped  wall,  as  has  been  before  de- 
s(»ibed.  This  slope  is  well  formed  with  strong  stakes  driven  into  the 
ground,  the  vacuities  bdng  filled  with  stones  firom  the  shingly  bed  of  the 
stream,  and  the  top  covered  with  long  branches  of  treee»  with  the  tails 
pointing  with  the  current,  and  fastened  to  the  stakes  by  the  natural  hooks 
of  the  branches,  or  by  ligaments,  or  by  cross  beams  nailed  to  the  stakes. 
Heavy  stones  being  laid  upon  the  top  will  add  much  to  the  soliditj^  of  tlie 
structure.  In  the  course  of  time,  the  proper  gra^^t^es  will  grow  and  form  a 
matted  turf,  along  which  the  floods  of  water  will  run  with  much  ease  aiid 
trancLuillity.  Very  good  walls  are  formed  in  this  way;  ^e  materiab  are 
generally  ready,  the  performance  requires  little  skill  and  the  expense  is 
not  great. 
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The  principles  of  ftmbanldng  are  few  and  very  simple,  and  g^n^pi^  p^j, 
admit  au  easy  appiicaiioiL.    Water  should  run  in  a  oonrso  as  wpi«»  of 
straignt  as  can  be  obtained,  and  have  a  wide  chauuel  rather 
than  a  narrow  bed.  The  bendings  of  rireiB  are  guarded  by  barriOTS  of 
piles  and  stones,  and  the  impetaons  currenta  of  monntain  streams  are 
diverted  into  a  mid>channel  by  jetties  of  stone  masonry,  against  which  the 
water  rushes  at  a  very  sharp  angle  of  diyergence.  The  riBings  of  tides  and 
floods  into  deep  formations  of  water  are  averted  from  doing  harm  hy  means 
of  earthfii  mounds  covered  with  grassy  tnrf,  on  which  the  waters  roll,  but 
against  whicli  they  do  n<jt  imjiirige  and  press  with  the  weight  of  their 
depth.    This  laat  principle  forms  the  chief  remembrance  of  embanking. 
The  difficnllies  of  ezeeation  will  be.  proportionate  with  the  drcnmstancea 
of  the  locality,  in  position,  materials,  and  labour. 

Irrigated  grounds  constitute  a  very  beneficial  adaptation  of  inigBted 
lands  that  are  situated  to  undergo  the  special  application.  In 
dry  hot  oonntries  the  artificial  supply  of  moistnre  was  early  adopted  as  a 
mode  of  increafsing  the  frnitp  of  the  crronnd,  and  the  practice  has  been  in 
some  degree  continued  in  many  countries  in  which  circuTiistances  permitted 
the  use.  The  Romans  used  water  extensively  both  on  arable  and  gi-aas 
lands,  and  from  them  the  application  has  descended  to  the  present  day. 
In  Britain, irrigation  attracted  much  notice  within  ike  last  hundred  years; 
and  there  was  scarcely  left  a  brook,  nil,  or  stream  &at  was  not  converted 
to  that  purpose  wherever  it  conld  possibly  be  used. 

The  advantages  consist  in  raisicg  an  early  grass  in  the  spring,  Great  adm- 
in growing  a  large  erop  of  hay,  and  in  producing  an  abundant 
lattermath  for  the  grazing  of  auimals.  In  some  places  these  advantag-ea 
are  very  great,  and  cijmpenBate  the  hea^T  expenses  of  formation  and  up- 
holding. The  full  beuelit  of  flooding  suppose  a  diy  hot  dimate,  and  an 
easy  command  of  water,  and  a  paeildon  of  the  lands  to  admit  tiie  ingress 
and  egresB  of  the  water,  and  an  application  at  a  moderate  ^pense.  These 
indispei»able  requisites  will  show  that^  comparativdy  speaking,  few  situa^ 
tions  admit  that  mode  of  improvement. 

Irrigated  lands  are  di%dded  into  two  kinds — catch  and  flow  meadows  : 
the  iormer  lying  on  a  declivity,  and  catching  the  w  ater  in  its  descent  from 
the  higlier  grounds  ;  and  the  latter  raised  artificially,  to  allow  the  water  to 
flow  over  them.  In  catch  work,  the  water  is  conducted  by  a  Cfttdi  m^- 
level  oouise  to  the  higher  part  of  the  ground,  and  divided  into 
nils,  which  are  stopped  at  intervals  to  make  the  water  flow  with  a  rip- 
ling  motion  -over  the  surface,  for  which  purpose  all  inequalities  must  be 
levelled,  and  the  stops  duly  regulated,  in  order  to  throw  an  eqosl  quantity 
over  the  whole  space.  If  the  declivity  be  considerable,  the  rills  must  be 
cut  in  a  diagonal  direction  to  follow  the  fall  of  tlie  ground,  so  as  to  convey 
the  water  most  regularly,  and  with  a  uuiiorm  niotion,  and  in  an  equal 
quaaitity  over  the  surface ;  if  the  ground  be  more  fiat  and  oven,  straight 
and  pandlel  cuts  will  answer  the  purpose.  When  the  water  has  passed 
over  the  whole  space,  it  is  conveyed  away  in  an  op^  ditdi  into  a  brook 
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or  river ;  or  if  the  ground  admits,  it  may  irrigate  another  division  oi"  catch 
or  flow  moadow  before  it  be  finally  lost. 

now  mea-  A^w  meadowa,  tlie  laud  itj  generally  flat  or  nearly  80,  and 

mtist  be  raiaed  into  ridges  of  ten  to  fifteen  yards  in  width,  with 
open  drains  between  them,  and  rCls  cut  along  the  top  of  the  ridges,  with 
a  longitadinal  fall  to  cause  the  water  to  flow  along  tiiem,  and  with  a  de- 
clination of  the  Hides  of  the  ridges  to  the  catcb  drains  sufficient  to  make 
the  water  run  briskly  over  the  surface.  The  main  or  condneting  dram 
passes  filon,L^  the  hea<i  or  npper  end  of  the  flow  work,  and  disscliarges  a 
quantity  of  water  into  the  rills  along  the  tops  of  the  ridges,  regulated  by 
the  volume  they  can  contain,  and  which  is  thrown  by  the  artificial  stops 
in  the  rills  evenly  and  regularly  over  the  sides  of  the  ridges.  It  passes 
into  Ihe  catch  drains,  which  convey  it  into  an  open  ditch,  brook,  or  river, 
where  it  is  carried  away.  The  expense  of  forming  watered 
meadows  has  been  stated  at  j£5  to  £20  and  np  wards  per  acre ; 
the  latter  kind  being  mudh  more  expensive  than  the  former,  which  In 
many  sitnations  can  be  done  at  a  moderate  coat.  The  annual 
expense  has  been  Btated  at  £6  an  acre,  and  the  produee  at  £9; 
leaving  a  profit  of  £3  an  acre,  after  paying  £2  lOs,  for  rent,  included  in 
the  expenses. 

In  ^e  general  management  of  irrigated  lands,  the  water  is  admitted  in 
November,  after  the  sar&oe  has  been  eaten  very  bare,  and  the  gates, 
sluices,  drains,  and  rills  have  all  been  put  into  working  order.  Practice  varies 
in  the  time  the  land  u  allowed  to  be  under  water  during  the  winter 
months;  some  allowing  ten  to  tburteen  days;  others,  two,  tlireo,  or  fotur 
weeks ;  gradually  lessening  the  time  to  a  few  days  till  the  b'-c-nning  of 
Bnaim  ai  March.  A  month's  watering  may  be  given  in  ISovciaber  and 
wmtaring'.  December,  with  some  days  between  each  time,  and  in  January 
and  February  for  a  week  at  a  time,  and  latterly  for  four  or  five  days.  The 
lands  should  be  laid  as  dry  as  possible  between  the  waterings,  and  it  has 
hem  much  recommended  to  avoid  raising  a  white  scum  by  too  much  water- 
ing, and  to  turn  off  the  water  instantly,  as  damage  ensuM  from  a  noxious 
quality  in  ^@  scum,  and  the  risk  of  the  meadow  being  estposed  to  firost  in 
that  stnte.  But  many  experienced  irrigators  never  foxmd  any  damage 
from  that  cause.  In  the  beginning  of  March,  there  is  generally  .suflieicnt 
grass  to  admit  sheep  to  feed,  and  the  meadow  will  ivj  allowed  a  time  to 
dry  and  consolidate  before  the  admission  of  any  stock.  It  is  customary  to 
fold  the  flocks  on  adjoining  arable  lands,  and  to  graze  the  meadows  from 
of  the  ^  o'clock  to  five,  when  the  dews  will  be  off  the  grass.  The  herb- 
hntMfl*.      iige  jQ3,y  }^  ]^y^  when  the  water  is 

admitted  for  a  few  days,  and  again  laid  dry  for  hay.  After  the  crop  is 
removed,  dairy  cows  and  young  cattle  are  admitted  to  graze  till  October, 

BB  simimer  watering  has  long  been  supposed  to  rot  the  sheep.  The  second 
crop  of  h;i>'  has  been  cut,  but  it  is  generally  weak  and  flaceid  in  quality; 
and  even  the  first  crop,  if  not  cut  quickly  in  the  season,  often  becomes 
coarse  and  unpalatable. 

Irrigation  is  a  very  beneficial  way  of  using  laud  In  places  that  suit  the 
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applioation,  and  wbei  e  water  can  be  led  to  tli©  grounds,  and  the  surface  of 
tlie  laud  made  uiiiioruily  level  at  a  reasonable  expense.    The  chief  beasts 
attend  a  dry  soil  and  a  warn  climate,  thongh  advantages  are  not  wanting 
in  cold  latitades  and  tmder  watery  cHmes.   The  fiertilizadon  that  is  im- 
parted arises  principally  from  the  protection  of  the  ground  during  winter 
from  colds  and  frosts,  and  to  the  higher  temperature  which  the  ground 
obtains.  Anlysis  of  soft  and  hard  waters  gave  no  result  on  which  to  forad 
a  jjreforcnce,  and  no  difference  oonld  be  observed  between  the  clear  water 
of  the  spring  and  the  sedimentary  liquids  of  a  Btill  water  brook.  No  doubt 
tUiraty  lands  under  a  dry  climate  will  imbibe  very  beneticial  moisture  from 
the  \raterB  that  run  over  the  surface,  hut  which  must  not  stag-  vanoM 
nate  upon  the  ground  so  as  to  cause  starration  and  excess ;  the  '"'^ 
movement  must  he  constant  and  mdfbrm,  and  neither  loitering  nor  mean- 
dering. The  use  of  irrigation  on  cold  lands  and  under  stormy  climates 
produced  an  overgrowth  of  rushes  and  aquatic  herbs ;  the  practice  retro- 
graded, and  is  now  confined  to  the  select  localities,  where  tiie  proper  eligi- 
bilities are  found.    The  stream  of  water  must  be  conetant  and  abundant, 
capable  of  being  commodionsly  applied,  and  also  having  a  ready  escape 
from  the  grounds  after  the  purpose  has  heen  effected.  All  these  provisions 
will  he  examined  and  ascertained  before  an  irrigation  is  attempted.  The 
soil  and  its  capabilities  must  be  duly  accounted :  if  it  be  strong  oeaeni 
in  natmnand  will  be  gratefijlof  a  higher  temperature,  or  thirsty  «apawiw» 
and  will  be  benefited  by  a  large  application  of  moisture.    The  probable 
expense  will  be  also  estimatpd,  and  the  expected  result  will  be  placed 
in  opposition.    It  is  uot  a  general  use  of  the  land,  as  so  many  atieiuiances 
are  ret^uired  to  be  present.    When  these  requisites  abound,  the  mo  of 
water  has  very  largely  repaid  the  application. 


CHAPTER  Vra. 

LAND  DRiVININa,  OPEN  AND  COVERKD ,— PLAN,  EXE- 
CUTION AND  ARRANGEMENT  BETWEEN  LANDLOKD 
AND  TENANT. 

It  was  very  early  observed  by  the  cultivators  of  the  earth,  that  moisture 
formed  one  of  the  essential  elements  of  vegetation,  and  another  obser- 
vation wa«>  uut  much  longer  iu  being  made,  ihiit  an  excess  of  it  pro- 
duced the  opposite  effect,  retarded  vegete^ion,  and  ultimately  Dcaining  or 
caused  sterilily  and  barrenness.  In  the  early  ages  of  agrieul- 
ture,  little  or  no  attention  was  paid  to  the  remedy  of  this  damage  which 
I3ie  land  sustained :  but  as  population  increased,  the  wants  to  be  supplied 
became  more  urgent,  and  application  was  made  to  remove  the  cause  of 
this  damage  among  the  other  operations  of  improvement  The  first  at- 
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tentiou  was  directed  to  the  removal  ui  s^jriiige,  which  sre  fonned  by  out- 
bursts of  water  from  the  uiider  strata  of  the  earth,  forced  npvwurdsl^  pres- 
sure from  a  higher  quarter.  It  is  found  that  water  flows  in  the  permeable 
strata  of  the  earth,  as  saodB  and  gravels,  and  as  these  strata  lie  irregularly, 
unevenly,  and  interruptsdiy,  the  water  finds  or  forces  outletB  upwards, 
as  it  is  stopped  in  its  course  by  impervioiie  substanoes,  and  impelled  by 
the  pressure  of  its  own  body  from  a  more  elirvated  quarter.  Attention 
Flirt  wiiocv-        early  directed  to  the  interception  of  these  outlets,  and  con- 

venience  sus^gested  the  mode  of  making  trenches  in  the  ground, 
and  thus  conveying  away  the  water  underneath  the  operaHons  that  were 
acted  upon  the  surface.  In  order  to  afford  a  current  room  for  the  water, 
stones  were  used  to  make  a  small  square  culvert  in  the  bottom  of  tho 
trench,  and  over  it  was  hud  a  quantity  of  smaller  stones  which  were  covered 
by  a  turf  and  earth,  and  this  operation  finished  the  process.  In  places 
where  stones  were  not  abundant^  or  could  not  be  found  at  all,  other  mate- 
rials have  been  used  for  being  laid  in  the  bottom  of  the  t  rench,  to  aftbrd  a 
vacuum  in  which  the  water  may  flow,  as  stubl'li',  straw  twisted  into  ropes, 
and  bruBhwood;  and  when  the  latter  substance  is  put  into  ueat  buudle^, 
and  firmly  tied  together,  mi  well  trodden  into  the  trench,  which  is  sloped 
in  the  sides  and  narrowed  downwards,  drains  have  been  found  to  run  very 
stones  for  many  years,  when  filled  with  that  material :  but  stones 

mihi-  tiio     are  in  every  case  preferable,  being  ike  strongest  material,  and 

the  most  durable.  Very  many  and  most  valuable  improve- 
ments were  made  by  this  proeeas ;  springs  were  intercepted  and  diverted  ; 
bogg  and  qnaginireH  wei-o  rendered  iirm  ground.  Much  waste  land  was  re- 
claimed which  was  prcvinusl  y  rendered  nearly  useless  by  the  repeated  inter- 
ruptioiib  caused  by  watery  outlets.  The  obs^vation  of  these  causes  and 
remedies  was  afterwards  extended  to  the  damage  inflicted  on  land  by  at> 
mospheric  wetness,  from  the  dayey  nature  of  the  land  retaining  too  long 
the  moisture  that  fidls  from  the  heavens,  and  thereby  retarding  the  opera- 
tions of  cultivation,  and  leasemng  the  quantity  and  quality  of  the  vege- 
table production!?.  Tt  was  early  known  that  clay  \^  not  permeable  to  water, 
and  consequently  water  will  not  flcjw  into  the  trenches  but  from  a  short 
fi^^qoeiB^      distance  on  either  side  of  them,  on  the  very  wet  and  tenacioua 

clay  lands  which  abound  in  this  kingdom.  On  this  principle  is 
founded  the  modem  system  of  frequent  draining,  in  which  the  drains  are 
placed  at  short  distances  from  each  other  in  order  that  the  water  may  flow 
into  some  one  of  them  and  not  remain  on  the  land.  The  wetness  caused  by 
the  rains  from  the  heavenB  haa  been  too  often  attributed  to  sprix^  from 
below;  an  insufficient  mnnber  of  drains  has  been  made  in  order  to  divert 
them :  the  eatise  lay  in  a  dilleront  quarter,  and  the  land  remained  wet  as 
before.  The  knowledge  of  the  true  cause  of  wetness  has  crept  vrrv  slowly 
into  the  agricultural  world;  in  many  instances  it  is  yet  uukiiow  n,  and  very 
tut  from  being  generaUy  acted  upon.  The  very  general  desire  oi  doing 
thukgs  with  little  trouble,  and  at  little  cost,  has  added  much  to  the  belief 
of  water  rising  from  below  the  ground  being  the  cause  of  wetness ;  a  hiw 
drains  were  reckoned  snffident^  which  gave  little  trouble  to  the  mind  or  to 
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the  pnrse.  A  better  knowledge  is  now  h&ng  obtained,  but  not  nsfeotiiig 
the  former  where  ioimd  to  be  prevalent  and  neceBsary. 

A  system  of  draimng  wet  lands  hy  tapping  the  springs,  was  much  eati- 
mated  some  few  years  ago.   It  consisted  in  boring  large  ai^er  holes  in  low 
gronnds  into  dio  tail  of  the  etratmnin  which  the  water  flowed,  and  from  whidi 
it  burst  upwards  in  higher  grounds  and  drawing  the  water  to  the  auger  holes. 
The  plan  succeeded  or  foiled  according  as  the  strata  in  which  '^npia^of 
tile  water  flowed  were  regular  or  irregular,  continuous  or  inter- 
rupted,  failures  were  most  frequent,  as  might  be  expected;  and  for  the  pur- 
pose of  carrying  awaysnrfacc  water  the  plan  was  wholly  useless.  Even  where 
it  succeeded,  it  was  seldom  very  strikingly  more  beneBcial  than  die  old 
mode  of  running  a  drain  to  each  spring,  for  ibis  drain  in  its  course  fre* 
quently  intercepted  other  sources  of  wetness,  or  the  surface  water  that 
flowed  near  its  course.  The  spedfic  success  was  confined  to  the 
springs  flowing  in  sands  and  gravels,  and  where  they  formed 
the  sole  source  of  wetness.    Draining  of  lands  on  that  system  has  been 
altogether  discontinuGd  for  a  long  time  past. 

The  modern  system  of  draining;  differs  from  the  old  only  in  Tnaking  a 
greater  number  of  drains,  and  heace  it  is  often  called  the  frec^uent  sys- 
tem. The  same  shape  of  the  drains,  the  same  mode  of  digging,  and  mostly 
of  filling,  yet  prevaiL  The  frequency  of  the  drains  carries  off  all  the 
sur&oe  water,  and  intercepts  the  springs  on  the  land,  if  any  exist,  and 
thm  e^ectually  answers  both  purposes. 

lu  the  modern  system  of  draining,  three  things  are  chiefly  to  be  con- 
sidered: the  frequency  of  the  drains,  the  depth,  and  the  mode  of  filling. 

The  frequency  of  the  drains  will  depend  on  the  tenacity  of  the  upper 
Boil,  and  the  nature  of  the  aubooil,  if  it  be  pervious,  impervious,  or  mixed. 
In  pervious  and  mixed  subsoils,  the  water  will  flow  into  a  cavity  from  a 
distance  in  the  permeable  strata,  and  consequently  the  drains  may  be 
farther  apart;  but  in  tenaciouB  soils,  «ad  in  compact  impervious  subsoils, 
the  water  will  not  percdate  or  flow  to  any  distance,  and  conse-  i^cqmae^ot 
quently  the  drains  mmt  be  nearer  to  each  other  in  order  to  afford 
a  ready  egre.-^s  to  the  superabundant  moisture.  The  most  tenacions  clay 
soils  may  not  require  a  nearer  distance  than  four  yards :  some  writers 
state  five  yards  as  the  closest  draining  that  any  lands  nuiy  require;  but  in 
pure  plastic  days  which  form  the  eztrenie  cases,  it  is  better  to  m  on  the 
safe  side,  and  to  have  rather  more  drains  than  too  few,  and  thus  repeat 
the  old  ^Tor  of  a  non-effective  performance.  A  distance  of  five  yards 
will  drain  very  wet  lands,  but  instances  are  not  wanting  where  four  yards 
may  be  required.  A  distance  of  not  more  than  eight  yards  will  be  required 
to  drain  the  most  permeable  soils  and  subsoils,  and  the  general  distance  of 
four  to  eight  yards  may  be  stated  as  being  required  tor  the  soils  and  cli- 
mate of  IBritain,  imgiag  betwe^  these  two  numbers,  according  to  soil 
and  situation.  Of  these  circumstances,  the  practitioner  must  judge  from 
appearances ;  in  noany  cases  the  herbage  will  give  a  &ir  idea  of  indi. 
tiie  nature  of  the  soil ;  aquatic  plants  indicating  the  euperabun- 
dance  of  moisture  from  below,  and  the  altitude  or  hilly  nature  of  the 
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country  will  give  intimatioii  of  the  qnaiitity  of  rain  that  may  be  expected 
to  fall,  and  of  tiiie  number  of  drains  that  may  be  required  when  botii  cir* 
cnmstances  are  considered.   The  skill  and  judgment  of  the  chief  operator 

must  be  duly  and  very  fnlly  exercised  on  tlicse  points.  A  local  Itnowledge 
is  best;  but  as  it  is  very  seldom  to  be  got,  the  next  li'st,  or  that  of  practice 
and  experience  must  be  used.  Mistakes  aie  often  committed  from  want 
Mnc-h  judr  ^  oheervation  and  consideration  which  these  two  points 
ment  re-  reoiure — the  two  essential  points  on  which  the  whole  matter 
rests.  On  no  point  in  the  practice  of  i^icnltare  is  there  more 
room  for  the  exercise  of  skill  and  judgment,  for  a  mistake  is  prodnctiye  of 
much  more,  mischief  than  in  most  other  cases,  being  widely  spread  in  its 
effects,  and  difficult  of  remedy. 

The  depth  of  the  drains  must  also  be  regulated  by  tbo  nature  of  the 
soil,  and  the  dryness  or  humidity  of  tlie  climate.   In  pure  clays,  where 
ike  effect  of  the  drain  is  wholly  confined  to  the  carrying  away  of  sur&ce 
water,  the  drains  cannot  be  too  shallow,  provided  they  are  not  disturbed 
by  tbe  plough  or  the  feet  of  the  animals.  All  the  moisture  or  water  to 
be  carried  away  lies  on  ^e  surface,  and  consequently  tlic  readier  access  it 
finds  to  the  drains  the  better.    But  impervious  and  mixed  subsoills,  where 
the  under-water  flows  in  "horizontal  or  vertical  strata,  the  drains  may  be 
deeper,  in  order  to  find  a  firm  foiindation  for  tlie  niaterials  with  which  the. 
drain  is  tilled;  though  the  propriety  is  questioned,  and  is  certainly  very 
Depth  of      (Questionable,  of  cutting  drains  any  deeper  than  where  the  water 
is  first  found,  and  there  to  commence  filling  the  drain,  always 
supposing  a  firm  foundation  to  be  first  found.   Deep  drains  require  more 
niaterials  to  fill  tb^,  and  create  more  expense,  both  in  filling  and  in  dig- 
ging ;  but  in  permeable  soils,  they  may  be  nseflil  in  draining  water  which 
may  flow  in  a  ptratum  that  edr^eg  or  throws  water  upwards  between  the 
drains.    Drains  removed  lo  a  depth  beyond  tlie  reacli  of  tlie  surface  water, 
are  whcdly  useless  for  the  purpose  of  removing  it,  and  much  money  and 
useless  labour  have  been  expended  in  digging  downwards  to  cure  the  evil, 
when  the  remedy  lay  wholly  upon  the  8m:&ce.   In  our  dimate,  and  upon 
the  generality  of  our  soiIs>  a  depth  of  two  to  three  feet  may  be  stated  as  a 
two  to  fltne  ^  average;  water  lying  or  flowing  below  that  depth  can  in- 
^         flict  no  damage  on  the  upper  soO,  and  if  the  drains  are  made 
deeper,  they  may  be  removed  beyond  the  reach  of  the  surface  water. 
Various  deptlin  have  been  UKUitlonpf!  liy  writers,  and  even  by  practical 
men,  which  are  not  worth  much  discussion,  an  they  seem  to  have  pro- 
ceeded more  from  &ncy  and  bare  matter  of  opinion,  than  to  be  grounded 
on  experience  or  on  any  specific  solid  fact.   The  depth  now  stated  is 
sufficient  to  intercept  the  permeable  stmta,  and  does  not  require  any 
large  quantity  of  matenals  to  fill  it  to  a  proper  depth  from  the  top,  or 
render  it  accessible  to  the  surface  water,  and  these  are  the  very  special 
purposes  of  draining,  vi?,.,  to  carry  away  the  surface  water,  and  at  the 
fiame  time  drain  the  uader-water  that  lies  'mthin  the  reach  of  ^^"^'^g'Tg 
the  upper  soil. 

Stones  have  ever  been  universally  preferred  for  the  purpose  of  filling 
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draine,  but  in  many  countries  they  ave  not  found,  and  other  matorials  have 
been  used,  as  braBfawood,  stabble,  and  twisted  straw.  Modern  invention 
has  supplied  the  place  of  stoneB,  and  by  the  Bubstitatioii  of  tHeB,  which  are 
composed  of  paddled  clay  moulded  into  the  proper  shape,  and  then  baked 
in  an  oven  or  kiln,  to  a  hardness  that  resiBta  the  action  of  the  irateriais  ot 
vicissitudes  to  wMcb  they  are  exposed.  This  invention  mnst  be 
reckoned  one  of  the  most  valuable  of  modern  times,  for  it  converts  matter 
into  the  means  of  improvinir  itself,  and  the  most  tenaciotis  day  into  a 
mode  of  Tn.ilviug  itself  pnMluctive.  The  ductile  quality  of  clay  aiiowa 
it  to  be  moulded  into  any  form,  wliich  in  the  present  case  is  abont  twelve 
inches  long,  and  arched  into  a  span  of  fonr  inches.  Other  dimensions 
are  used,  but  the  shape  now  given  has  been  fonnd  to  be  well  adapted 
for  the  purpose.  The  width  of  the  drains  at  the  top  may  be  about  two 
feet,  sloping  to  six  inches  in  width  at  the  bottom,  in  which  the  tile  of 
four  inches  is  laid.  It  has  been  found  by  experience  that  die  wi  uh  ot 
constant  percolation  or  oo?;ing  of  water  on  the  Lottom  of  a  drain, 
even  of  a  hard  and  tenacious  cdayo}'  nature,  creates  a  softness  in  which  the 
thin  edge  of  tile  gradually  sinfe  and  obstructs  the  arched  passage,  as- 
sisted Iry  the  superincumbent  weight  ,  of  the  iiliiug  materials.  This  cir- 
cumstance has  rendered  necessary  the  use  of  sdes  or'  flat  tiles  that  are 
laid  below  the  arched  tile  to  prevent  the  sinking,  and  in  common  practice, 
ft  pece  of  a  broken  sole  is  laid  below  the  meeting  comers  of  the  arched 
tfleSfSnd  bears  the  pressure  of  both.  A  quantity  of  straw  ;  a  turf  laid 
with  the  grassy  side  downwards,  is  put  over  the  tile,  and  the  excavated 
earth  being  thrown  promiscuously  to  M  lite  drain,  the  process  is 
finished. 

In  the  lining  of  drains  with  stones,  the  materiala  are  brolveu  with  ham- 
mers, to  the  sise  of  the  largest  road  metal,  either  in  the  quarry  where  the 
stones  are  dug,  or  on  the  sides  of  the  drains  where  the  unbroken  materials 
are  laid.  Stones  dug  from  a  quarry  are  preferable  to  stones  gathered  on 
the  sur&ce  of  the  ground,  as  they  afibrd  more  angular  points,  Bboamthan 
and  consequently  a  greater  nimber  of  interstices  in  the  drains ; 
when  the  stones  are  broken  on  the  sides  of  the  drains,  tibte  bruised  materialB 
are  very  conveniently  lifted  into  thn  drains  hy  means  of  baskets.  \^ntbout 
any  earth  gcttins;  intermixed.  ^^Tieu  tliey  are  dug  and  broken  in  a 
quarry,  earth  or  rabbiah  of  some  sort  wiU  generally  get  mixed  with  them, 
and  it  is  essential  that  no  earth  get  into  the  drains.  A  screen  is  very 
easily  constructed  and  placed  on  a  wheelbarrow  to  be  moved  along  the 
side  of  the  drain  as  it  is  filled,  provided  with  a  wide  screen  to  turn  the 
stones  into  the  drain,  and  a  narrower  one  to  throw  on  the  ground  the  rub- 
bish that  passes  through  the  wider  bars  of  the  upper  screen.  The  carts 
come  alongside  the  screen,  into  which  the  stones  are  thrown  from  the 
carts  l)y  liand  shovel,  the  large  hidks  nm  into  the  drain,  and  the  rubbish 
fidly  on  the  hind;  and  with  caro  and  attention  very  sufficient  work  is  made. 
But  in  general  it  laay  bo  recommended,  that  the  stones  be  hxid  uidjroken 
on  the  sides  of  the  drains;  that  they  be  broken  on  a  platform  of  boards, 
filled  into  baskets,  and  placed  into  the  drains,  and  immediately  covered 
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coverins  of  With  t iirf  a&d  eoTth.  It  Is  w&smmsef  tiiat  the  drains  be  not 
them.  allowed  to  remain  long  open  and  unfilled,  nor  the  stones  ha  al- 
lowed to  lie  uncovered  after  being  put  into  the  drains.  In  this  operation, 
as  in  all  others  of  a  similar  nature,  syateuiatic  (lis])atch  must  be  studied, 
the  different  operations  must  go  on  simultaueoutilyj  and  be  bo  arranged, 
that  the  exeeotiou  of  cm  part  doee  vnot  overreach  the  other,  in  order  that 
the  unfinished  portion  may  sustain  no  damage.  The  earth  crtunUes  into 
drains  lying  open,  and  caiueB  labour  in  shovelling  it  out  before  the  stonea 
are  put  in  and  the  same  objection  holds  with  stones  placed  in  drains  and 
lying  uncovered. 

It  is  Tcry  convenient  when  land  can  be  drained  in  a  state  of  grass,  on 
account  of  the  superior  cleanliness  and  neatness  with  which  the  work  can 
be  performed.  This  very  great  advantage  will  moat  amply  compensate 
Qnnr  imi  ^^r  any  additional  expenae  incurred  in  digging  the  drains  during 
™'™*  the  httrd  season  of  sammer,  which  may  i^ometimes  happen,  and 
somedmes  not.  The  lines  of  tho  drains  being  first  marked  by  pegs  or 
turves,  the  unbroken  stones  may  be  laid  alongside  at  convenience;  the 
grassy  turf  must  be  pared  off  thinly,  and  laid  aside,  and  carefully  pre- 
served for  covering  the  hrolcen  atones ;  the  drains  may  then  be  dug  to  the 
full  depth,  and  immediately  filled  with  the  broken  stones  to  the  height  of 
twelve  to  sixteen  inches  from  the  top :  the  stones  levelled  with  an  iron 
rake,  and  the  grassy  turf  laid  neatly  ovar  them,  and  the  earth  shovelled 
in  upon  it.  Tiie  l>roken  stones  should  be  put  into  basketfi,  and  handed  to 
a  man  standing  in  the  drain,  who  will  empty  them  in  the  proper  plac^ 
level  the  stones,  and  lay  the  grassy  tarf  neatly  over  them ;  and  it  is  eesen- 
tial  that  this  part  of  the  business  shall  be  performed  by  a  confidential 
person  specially  appointed  for  the  purpose,  and  whose  contrsot  bean  a 
greater  remuneration  for  the  proper  execution  of  it  The  (piarrying  and 
breaking  of  the  stones,  the  digging  of  the  drains  and  the  filling  of  the 
earth,  may  he  let  to  he  done  by  contract ;  hut  the  tilling  of  the  drain 
with  stones,  and  the  laying  of  the  turf  over  tliem,  should  be  ped'orined  by 
a  fixed  daily  or  weekly  remuneration,  where  there  is  no  induce- 
iiSj/^    ment  to  hurry  over  the  work  imperfectly,  as  is  generally  thtj 
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case  in  contract  work.  Work  that  is  e3q>06ed  to  view  may  be 
mended  when  seen  to  be  imperfectly  performed,  but  a  drain  when  covered 
is  hid  for  ever,  and  the  mischief  remains.  Mudi  draining  has  been  spoiled 
and  money  uselessly  fended  hy  the  work  being  improperly  executed  on 
an  erroneous  system :  contract  work  requires  a  sharp  oversight,  and  in  what- 
ever way  draining  is  performed,  it  claims  much  attention,  being  easy  to 
Bpoil,  and  difficult  to  remedy. 

In  digging  drains  it  is  advantageous  that  the  cavity  is  sloped  to  a  very 
nfUTOW  bottom,  as  the  stones,  in  bmg  put  into  the  drain,  catch  on  the 
sloped  sides,  and  form  a  kmd  of  artificial  arch,  and  afibrd  a  greater  cavity, 
or  more  interstices  bdow.  When  tiles  are  used,  the  bottom  of  the  drain  may 
be  made  the  breadth  of  the  tile,  or  a  little  more. 

Broken  stones  laid  in  a  drain  over  the  tile  about  a  foot  in  depth,  has 
been  called  the  "  ne  plus  ultra"  of  draining,  as  it  affords  a  dear  pas- 
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Bage  for  water  in  the  tile,  and  the  npper  space  oecnpied  hy  the  "ur^^'^^^ 
8t<*nes  is  open  and  porous  for  extracting  aud  conveying  the  drammg. 
water  downwards.  In  the  case  of  the  tile  ahme  being  uaed,  and  covered, 
aa  it  generally  is,  with  Btraw^  or  a  thin  grassy  turf,  these  substances  are 
soon  compreased  and  decay,  and  then  there  is  only  the  space  occnpied  hy 
the  tile,  abont  four  inches  in  height,  to  fom  a  drain,  both  to  extract  and 
carry  away  the  water.  When  stones  are  used,  the  half  of  the  dsptk  of 
the  drain  is  filled,  and  thus  affords  an  interstitial  cavity  of  fifteen  inches, 
for  the  pnrpo!?e  of  receiving  and  discharging  water.  Tliis  circumstance 
constitutes  tlie  superiority  of  stones  over  tiles  for  the  purpose  of  draining: 
they  also  form  a  stronger  drain,  and  are  more  durable.  Tiles  jott. 
are  preferred  where  there  is  a  constant  current  of  watea: ;  in 
such  cases,  where  stones  are  used,  a  square  colvert  should  he  set  with 
broken  stones,  of  a  at»  proportioned  to  the  quantity  of  water  it  may 
have  to  contain.  It  is  necessary  that  a  constant  current  of  water  have  a 
free  unbrdcen  coarse.  The  receiving  drain  at  the  lower  end  of  the  field, 
must  he  wide,  and  have  ample  space  both  in  width  and  depth — a  depth  of 
some  inches  below  the  common  drains,  and  a  width  sufficient  to  contain  a 
square  set  culvert  of  lai'ge  unbroken  stones  to  convey  the  wliole  quantity 
of  water  from  the  drainage ;  if  one  culvert  be  insuflicieut,  two  may  be 
made;  and  in  the  case  of  tiles,  if  one  large  tile,  which  are  made  for  the 
purpose,  be  insufficient,  two  may  be  placed,  if  necessary.  These  re- 
ceiving drains  must  be  condacted  wilih  great  care,  where  the  common 
drains  are  discharged  into  them,  built  with  solidity,  and  have  a  covering 
of  broken  stones  and  grassy  tnrf  over  them.  If  the  current  of  water  be 
large  or  rapid,  care  must  he  taken  that  the  bed  of  the  current  is  secured 
by  laying  soles  or  thin  stones. 

W'hen  drains  are  being  dug,  it  may  be  advantageous  to  lay  on  one  side 
of  £he  drain  the  porous  upper  soil  wluch  is  first  excavated,  and  on  the 
other  side,  the  snbsoil  whidi  will  be  <tf  a  different  nature.  After  the 
grassy  turf  or  straw  is  laid  neatly  over  the  stones  or  tiles,  this  earth 
may  be  shovelled  into  tlie  drain,  and  may  be  mixed,  or  the  one  Earth/- 
preferred  to  the  other.  Where  the  subsoil  is  very  clayey  and 
tenacious,  the  upper  soil  may  be  first  put  in,  and  the  subsoil  put  on  tih6 
top,  as  the  action  of  the  air  and  the  operations  of  cultivation  may  pre- 
vent its  consolidating  and  denying  a  passage  to  tlie  water  downwards,  as 
often  happens  when  it  is  put  undermost  in  the  drain.  But  no  damage 
may  happen  from  both  kinds  being  put  in  promiscuously,  unless  the  clay 
be  very  tenacious.  A  depth  of  fifteen  inches  of  earth,  over  tihe  stones  or 
tiles  will  be  sufficient  to  admit  subsoil  ploughing,  and  may  not  be  too  deep 
and  deny  a  passage  to  the  water. 

"When  the  pressure  of  other  business  over  the  &rm  does  not  allow  the 
full  combination  of  the  operating  force  on  the  point  of  draining,  it  will 
be  very  convenient  to  dig  the  drains  to  half  the  depth,  aud  to 
excavate  the  part  that  is  left  at  the  time  when  the  materials  are  Wgiglns. 
brought  forward  and  brok^  and  then  the  two  operations  of  digging  and 
filling  can  go  on  together.  It  is  of  very  great  consequence  that  a  drain 
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be  filled  with  stones  immediately  on  being  dug,  on  the  same  day,  if 
posBiUe, 

Dnaas  are  generally  run  in  three  directions,  upright,  aslant,  and  across; 
and  each  mode  has  its  advocates,  according  as  circiunBtances  have  &voTired 
DbMtka.  operations.    Cross  draining  can  only  be  done  when  the  de- 

divity  of  the  land  favours  the  descent  of  the  water  in  that 

direction,  and  then  it  l>ecome8  a  Tcind  of  upright  draining,  beinsr  upright 
to  the  fall  of  the  water.  The  across  and  slant  directions  have  an  advantage 
in  the  ruts  of  the  plough  crossing  the  drains,  and  thus  conveying  the  water 
to  be  carried  o£^  while  in  the  upright  diroctiou  the  ruts  and  the  drains  nm 
parallel,  and  conseqnenfly  the  water  may  remain  longer  on  the  land  before 
reaching  the  draiiui.  A  preference  may  he  justly  given  to  that  direction, 
which  causes  the  rats  of  the  plongh  to  cross  the  drains,  for  it  seems  natoral 
to  suppose  that  the  water  will,  by  that  means,  make  a  quicker  escape.  But 
much  land  has  been  and  is  yet  drained,  by  placing  a  drain  in  each  furrow 
Portow       between  the  ridges,  at  distances  of  four  to  twenty  yards,  and 

keeping  the  open  furrow  over  the  drain ;  and  it  is  contended 
that  it  forms  the  most  effectual  mode  of  drainage  on  pure  clay  latids,  and 
that  the  drains  must  be  no  deeper  than  places  them  beyond  disturbance 
by  the  plough  and  the  horses'  feet  The  ridges  are  shaped  and  raised  to  a 
convexity  to  throw  the  water  to  the  farrows,  and  it  is  there  qnicUy  let 
into  the  drains.  This  mode  is  still  largely  practised  in  many  places,  and 
it  has  proved  both  effectual  and  durable. 

The  Duke  of  Portland  was  among  the  first  practitioners  in  Britain,  of 
the  furrow  draining,  or  frequent  system;  and  the  mode  of  placing  the 
Duke  of  drain  in  the  open  furrow  made  hy  the  plough,  and  sinking  the 
P^aa4*«     cavity  no  deeper  than  beyond  disturbance  by  the  implements 

of  cultivation,  has  always  been  used,  and  is  yet  followed  over 
all  His  Qrace's  estates,  and  was  seen  in  full  operation  by  the  author  of  this 
work  on  the  stiff  alluvial  days  in  Ayrshire,  in  the  west  of  Scotland,  on  the 
estate  of  that  nobleman.  After  all  that  has  been  done,  spoken,  and  written 
on  the  subject  of  frequaat  draining,  the  above  practice  may  form  the  sim- 
plest and  most  effectual  mode  that  is  yet  known ;  and  His  Grace's  very 
Bifnwilin.  ^^'^  niost  just  opinion  on  the  subjects,  is  very  dcRerving  of 

heirig  recorded : — That  oi'i  all  purely  clay  soils,  the  drains  can- 
not be  too  shallow,  provided  they  are  not  disturbed"  Place  the  drains  in 
point  of  number  within  the  quick  reach  of  the  water,  and  afford  to  the 
water  as  quick  a  descent  to  the  cavity  after  it  has  reached  the  snrfiBce  of 
the  drain.  These  two  provisions  oonstitate  complete  drainage,  and  both 
must  exist,  as  one  is  useless  without  the  other. 

PipetOfli.       Circular  or  pipe  tiles  have  lately  been  introduced,  which 

fit  into  each  other  at  the  ends,  and  thus  form  an  uninterrupted 
channel.  The  diameter  lias  been  reduced  so  low  as  one  inch — much  too 
small  an  orifice  to  form  a  drain.  The  largest  tiles  are  sometiines  deficient 
in  forming  a  cavity  large  enough  to  form  a  drain,  and  experience  has  taught 
all  drainers  to  increase  rather  than  diminish  the  size  and  capacity  of  the 
open  portion  of  the  drain.   It  is  on  this  account  that  stones  are  so  very 
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nmcTi  preferable  to  tiles,  in  forming  an  intorstitial  cavity  of  brol<:en  stones 
in  ])lac('  of  four  inches  afforded  by  the  tile,  for  tke  purpose  of  draimng  and 
carrying  away  the  watfjr. 

Pure  clay  soils  admit  tlie  stonee  to  be  small  broken,  as  there  is  no 
current  or  mnddy  oosing  of  water  to  require  large  passages.  But  in  mixed 
snbeoils  of  sands  and  gravels,  where  are  found  ontlets  and  oozinge  of  water, 
the  stones  may  be  of  a  larger  size,  as  they  form  larger  openings  and  in- 
tersticeB  for  the  passage  of  the  muddy  liquid.  On  soft  bottoms  whore  the 
stones  sink  by  flidr  own  weight,  it  is  necessary  that  some  flat  Bubstance 
be  laid  Tindemcatb  tbem.  Boles  are  nsed  in  tile-draining  :  and  for  stones, 
slates  Lave  been  very  much  recommeuded,  and  no  d<jnbt  will  prove  to  be 
very  effectual,  but  the  expense  will  be  considerable,  aad  fiat  shaped  slonea 
may  be  u^ed,  or  any  rougli  unbroken  stones  may  be  thrown  into  the  drain 
till  a  bottom  be  formed  by  their  weight  sinking  them,  aad  then  the  broken 
materials  may  be  put  into  the  drain  as  usual  These  points  require  much 
attention  in  draining;  a  neglect  even  in  one  single  place  may  ga^tn 
defeat  the  purpose  of  an  entire  length  of  drains,  cause  obstructions,  ^Jii^ 
and  much  expense  and  labour  in  removing  tbem. 

The  very  first  object  to  be  considered  in  commencing  the  operation  of 
draining,  is  an  outlet  for  ihe  collected  water,  and  for  this  purpose,,  tbe 
broolvfl  or  rivulets  must  be  very  carefully  examined,  deepened,  and 
straightened,  where  it  is  necessary ;  the  second  consideration  is  the  large 
drun,  whether  covered  or  open,  that  receives  the  water  from  the  small 
field  drnna,  and  conveys  it  to  the  brook.  It  must  be  of  sufBcient  width 
and  depth,  and  convey  the  water  freely  away,  without  any  stoppage  or 
obslTuctionB.  An  experienced  operator  will  commence  with  these  exami- 
natiouB,  on  which  depends  in  a  very  great  degree  the  success  of  the 
intended  scheme. 

Very  much  gorid  ha?  been  effected  on  the  Cheviot  mountaiius  HiUdrain^ 
and  the  Southern  iligltdauds  of  Scotland  in  improving  tbe  sheep 
pastures,  by  cutting  open  drains  for  sarfiice  water  witii  the  spade,  in  large 
sods  from  sixteen  to  eighteen  inches  wide,  and  laying  them  on  the  under 
side,  as  the  drams  are  diiefly  run  along  the  slanthig  sides  of  mountainous 
grounds.  The  cut  is  then  cleared  out  to  the  depth  of  about  fifteen  inches, 
and  the  loose  earth  is  lOcemse  tihrown  to  the  lower  side,  so  as  to  make  a 
banl:. 

TkcBC  drains  l)y  remo\dng  the  surface  water,  have  proved  of  essential 
service  in  preventing  the  rot  among  sheep  in  moist  pastures.  An  early 
bite  of  grass  may  be  procured  for  the  sheep  by  tbxowing  the  water  over 
convenient  grounds  by  way  of  irrigation,  and  these  two  advantages  make 
this  kind  of  draining  one  of  the  most  useM  improvements  of  the  present 
day. 

When  springs  of  water  are  found  in  land  to  be  drained,  it  will  happen 
that  tlio  straight  lines  of  the  drains  will  pass  on  each  side,  and  leave  tbe 
outlet  untouched ;  in  that  case,  a  drain  must,  be  out,  and  run  ^\^th  the 
necessary  docli\ity  from  tbe  set  drain  to  the  spring,  and  a  tile  must  be 
laid,  or  a  square  culvert  set  v/ith.  stones,  to  convey  the  current  to  the  drain ; 


984 


ON  LANDED  PBOPEBTY. 


springaof    ''^^f  ^0  coiKnt  of  water  iMBtroiig and  oonsta^ 
^ted***"  *  *        culvert  to  convey  it  to  the  receiving  drain  at 

the  end  of  the  field.   An  oonng  of  water  will  find  a  way  among 
broken  stones ;  hut  it  is  much  l>eiter  that  a  current  have  a  free  oourae  in  a 

tile  or  culvert.  The  ends  of  all  drains  that  remain  open  ehould  be  bnilt. 
up  firmly  with  square  stones  to  the  htight  of  the  drain,  leaving  a  square 
mouth  of  discharge  for  the  water.  The  joining  of  small  drains  with  re- 
ceiving drains  most  be  made  of  the  bame  height,  and  covered  with  the 
eaxne  turf  and  earth ;  and  all  euch  work  mnat  be  done  by  an  experienced 
confidential  person,  and  the  whole  carefiilly  overlooked  and  superintended 
by  the  chief  operator.  In  no  agricultural  bnsineas  whatever  is  more  care 
and  attention  necessary  than  in  draining,  and  nowhere  does  carelessness 
and  neglect  operate  more  forcibly  and  to  greater  disadvantage. 
AUdniai  advantageous  that  all  drains  or  ditchcH  be  covered,  that 

eavai«d.  ^^^^  open  drains  remain  anywhere  visible  within  tL(!  ('nclosviro  uf 
a  field.  Covered  drains  admit  the  plough  close  to  the  fence,  and  allow 
the  live  stock  to  obtun  the  shelter  of  the  hedge  by  standing  dose  to  it. 

The  expense  of  draining,  like  that  of  every  otilier  operation  and  per- 
formance, will  vary  according  to  circumstances  as  the  cost  and  distance  of 
the  carriage  of  the  materials,  and  the  price  of  labour  required  to  apply 
and  adapt  the  materials  to  the  purpose.  A  variation  in  draining  will  idso 
happen  from  the  greater  or  smaller  number  of  drains  that  are  rerfuired  on 
an  acre  of  land,  and  thiR  circnrnstancc  itself  Tnu?t  vary  according  to  the 
extreme  or  moderate  wetness  of  the  soil.  All  these  circumstances  com- 
bined require  a  wider  range  of  figure  ^lan  at  first  sight  would  appear  to 
be  necessary,  and  to  tihe  reasons  above  given  there  must  be  added  the 
nature  of  the  soil,  if  it  be  hard  or  soft  for  digging.  The  expense  will 
range  firom  £4:  to  £8  per  acre,  according  as  the  favourable  or  un&vourable 
drcumstancea  may  predominate;  an  aven^  may  be  stated  in  £5  or  £6 
Expense  of  ^  whcn  the  drains  are  five  or  six  yards  apart,  which 
draining;  wuith  will  drain  moderately  ^vet  lands.  This  estimate  is  con- 
fined within  the  hedges  of  the  field  to  be  drained,  all  exterior  operations, 
as  the  cutting  of  open  ditches,  and  of  water  courses,  must  be  charged  to  the 
account  of  general  expenditure. 

The  expense  of  draining  being  very  considerable,  and  the  nature  of  the 
improvement  being  permanent,  it  is  both  natural  and  reasonable  that  it  be 
performed  at  the  expense  of  the  party  who  has  a  permanent  interest  in  the 
land  on  which  the  improvement  is  performed.  A  yearly  tenant  of  land 
is  debarred  by  common  sense  from  making  any  outiay  of  which  he  cannot 
reap  the  full  fruits  in  the  year  of  tenure  ;  a  fanner  with  a  short  lease  is 
on  whom H  ^o^'  ^^^ch  better  situated.  A  leaHe  of  not  less  than  twenty  years, 
at  least,  is  required  to  justify  such  a  costly  improvement  as 
draining  at  the  expense  of  the  tenant,  that  he  may  have  a  hiir  chance  of 
being  reimbursed  for  his  outlay  of  ccqpital.  A  larmer,  even  witih  a  lease, 
has  only  a  temporary  interest  in  tibie  land  he  occupies — ^it  is  contrary  to 
human  nature  to  exped  that  he  will  take  as  much  trouble  in  the  per- 
formance as  if  he  had  an  interest  at  stake,  and  consequently  the  cost  of  the 
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improvement  reverts  on  tiie  projarietor  who  eujoye  the  perpetuity  of  tiie 
value.  Aooordingly,  the  most  eqniteUe  airangement  seems  to  be  that  the 

improvement  be  dB^scted  at  the  ooet  of  the  proprietor,  the  tenant  paymg  a 

yearly  interest  for  the  money  expended,  and  ^e  cartage  of  the  materitkls 
m  an  0({uivalcrit  for  the  benefit  he  may  derive  from  the  improvement 
that  has  been  effected.  The  work  being  done  by  the  proprietor's  own 
workmen,  he  has  the  greater  security  that  it  is  properly  done;  a  vast 
advantage  over  the  draining  being  entrusted  to  persons  who  have  only  a 
temporary  interest  in  the  performance.  Various  arrangements  various  as- 
have  be^  made  between  landlord  and  tenant ;  as  the  former  ">"s*"«^ 
giving  the  tilea,  and  the  latter  digging  the  drains  and  filling  them;  and 
otherwise  each  party  payins:  half  the  expense.  The  most  common,  and 
the  most  equitable  iirrangciTKuit  consists  in  the  landowner  malcin^^r  all  the 
outlay,  and  the  farmer  paying  five  per  cent,  interest  on  the  outlay,  during 
the  i>eriod  of  twenty  years :  and  otherwise,  the  tenant  pays  6s.  or  Qs.  an 
acre  for  the  drained  lands,  along  with  the  rent,  in  half-yearly  payments. 
This  last  mode  will  give  the  landowner  three-and«a-half  to  four  per  cent 
yearly,  for  the  money  expended,  whicb  may  be  sufficient  when  the  national 
funds  are  taken  as  a  model.  This  last  arrangement  vros  from  the  first 
adopted,  and  is  still  med  by  the  Duke  of  Portland,  whnae  excel-    _  ^  , 

,  .      -  '  ,  Dukeof 

lent  practice  has  been  alroaay  mentioned  on  severa]  rural  nnder-  .Porttaadl 

takings.    His  methods  and  <'alenlation3  are  never  exceeded  by 

any  subsequent  attempts,  hut  remain  an  rocks  fixed  in  the  bottom  of  the 

Bea»  that  are  never  lifted  np  and  down  by  tides.   In  all  arrangements,  the 

proprietor  must  have  the  work  done  by  his  own  agency  both  in  labour  and 

superintendence,  as  he  has  the  security  of  its  being  permanently  effected. 

The  farmer  by  doing  a  stated  portion  of  the  performance,  buys  the  yearly 

fruits  of  the  improvement,  and  at  the  end  of  twenty  yefurs,  tiie  negotiation 

is  terminated,  and  the  improved  ground  bTromes  an  article  of  commerce 

in  the  altered  condition  which  has  been  iinp>osed  upon  it.    A  wealthy 

tenant  may  be  induced  by  a  lease  of  twenty  or  twenty -five  yeaiu  to  dram 

lands  at  his  own  cost  which  are  the  property  of  another  pers(m ;  but  the 

oases  are  few,  and  there  is  yet  a  great  aversion  to  grant  the  necessary 

security  which  is  essential  to  the  business.  Security  begets  confidence,  and 

confidence  promotes  that  thirst  and  eager  desire  of  remuneration  which 

does  not  exist  unless  self-interest  be  enlisted  in  the  cause,  and  which  so 

effectually  ensures  the  advancement  and  economiral  termination  of  any 

intended  scheme.   Terms  of  agreement  regulate  the  moral  ex- 

dt^nent^  which  is  keen  or  blunt  as  the  conditions  may  be  ^^^^JJ^ 

encouraging  or  unfiur  between  the  parties. 

The  draining  of  lands  that  are  wet,  either  from  springs  of  water  from 

bdow  the  ground,  or  from  the  aluminous  composition  of  the  soil  holding 

the  moisture  too  long,  and  ratising  damao^e  to  vegetation,  or  as  often 

happen.-  from  both  canpes  mtiBt  (ireeede  all  other  improvements  that  may 

be  intended  to  be  undertaken  under  the  cireumBta.ucef?  now  described. 

Experience  will  direct  whether  a  thorough  Irequent  draiuiug  be  necessary 

to  prevent  the  damage  of  a  general  wetness,  or  a  less  frequent  drainage 

3p 
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to  cany  away  tho  Inntfol  eflfoots  of  epringB,  aided  liy  a  partial  wetnaaB  of 
the  soil;  but  in  etrozy  case  the  diamage ahirald  be  more  frequent  than  leea 
freqnenty  in  order  to  produce  at  once  a  sure  and  e^ftalm  reinlt.  Ko  pro- 
Yaloeof      prietor  of  land  ever  can  find  a  more  profitable  or  a  safer  invcst- 

mont  ibr  money — he  has  the  security  on  his  own  property,  in 
addition  to  the  improvement  of  it;  and  it  has  been  Btalfd  as  an  average 
calculation,  that  land  thoroughly  drained,  and  properly  managed  other* 
wise  produces  three  crops  in  two  years,  in  comparijs<m  with  the  former 
produce.  The  fiurmer  has  the  advantage  of  more  produce  firom  his  lands, 
Ihe  texture  improved,  and  mote  easily  vnronght  and  acoeBsibie,  and  a  more 
gratefbl  and  a  sweeter  herbage.  The  circumstance  of  draining  rendering 
lands  easier  and  sooner  acceauble  at  the  difforent  periods  of  working,  la  a 
recommendation  of  itself  sufficient  to  show  the  great  value  of  the  improve- 
ment, besides  the  increase  of  produce  in  every  crop  that  grows.  Experience 
had  not  yet  recorded  the  fact,  if  draininc^  has  in  any  case  converted  Btlff 
clay  lands  into  turnip  ioanw  :  ii"  it  has  happened  any  where,  it  may  iiave 
,  ,  arisen  from  a  congtitotioaial  near  alliance  of  the  solL  or  from 

the  natore  of  it  approximating  to  loam,  and  wanting  only  the 
abstraction  of  the  water,  and  hut  little  alteration  in  the  texture.  Olay 
seals  may  probably  be  placed  beyond  that  degree  of  alteration. 

It  has  been  olrjeotedto  draining  that  it  destroys  the  viacoiutenaaty  in  the 
land,  (M)  necessary  to  the  production  of  wheat  and  beans,  and  may  carry  off 
in  the  shape  of  water  the  saline  and  soluble  salts  in  the  soil.  Jiut  tliese 
evils  may  exist  only  in  imagination  and  anticipation,  and  may  in  effect  be 
only  partial,  and  may  not  detract  muck  from  the  general  value  of  draining. 
The  efifects  of  it  haye  been  found  so  very  superior  to  that  of  the  viscous 
tenacity  and  that  of  the  soluble  salts  in  the  wet  state  of  the  land,  that 
little  hesitation  will  be  entertained  which  ol  the  two  conditions  of  the  land 
must  be  prefinrred  for  police. 

Objections  It  is  certain  that  draining  has  not  in  every  case  been  attended 
not  tenable.  y^,[^\^  Bucccse,  and  that  in  many  instanc-es  it  has  been  accompanied 
with  loss  of  capita,!,  'fhis  result  may  be  ascribed  to  two  general  causes  : 
the  want  of  knowledge  or  caution  in  the  application  of  the  system  to  prac- 
tice, and  to  the  defective  OLecutionof  the  works,  in  cutting  and  filling  the 
draina»  and  iu  the  materiak  used.  True  economy  oonnsts  in  getting  work 
wdl  done,  not  in  the  cheapuess  of  execution;  and  a  very  general  mistake 
is  comstandy  commiiied  iu  placing  the  tiles  too  deep,  and  too  email  a 
quantity  of  porous  materials  over  them  ,*  thus  ^peating  the  old  ^or  of 
having  nseleBS  drains  deeply  imbedded  in  compact  clay,  and  beyond  the 
reach  of  the  surface  water.  But  the  occasional  failures  of  draining  are  not 
more  frequent  thfm  other  miscarriacros,  the  chance  of  which  attaeb  iu 
^  proceedings  of  every  kind.  A  neglected  execution  will  mar  any 
*  purpose,  and  a  careless  application  ahmostrenders  a&ihire  to  be 

oertattL 

In  order  to  deriye  the  full  effseta  of  drahung,  it  must  he  followed  by  an 
improYcd  treatment  of  tiie  lar  rl  in  every  reqped^  as  to  cropping  and  m»r 
nuring,  in  order  to  repair  the  damage  tihey  may  sustain  by  the  suf^msed 
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lofls  of  tenad^  and  of  eaUns  Bohible  matten.  Wlien  laud  is  drained  in  a 
state  of  grass,  there  will  be  fresh  raatters  in  the  Bott  for  dccompostfioii, 
and  then  the  liberal  application  of  calcareous  matters  becomed  very  highly 
nccnissary  and  deairable.    It  liaa  been  admitted  in  all  ages  of  the  world, 
that  the  draining  of  marshes  and  of  stagnant  w;^£rs  is  highly  coDs^uenoeg 
conducive  to  healtJbi  and  aalubrity ;  and  we  may  very  reasonably  «'*«^*»«- 
snppose  that  the  dose  draining  of  wet  landa,  though  performed  on  a 
smaller  scale,  will  operate  in  a  similar  manner.   It  carries  away  or  pre> 
vents  the  generation  of  the  pestilential  miasms  that  originate  in  distem- 
pered and  poisonous  bodies,  and  lime  arrests  the  noxiona  efflnvia  that  tend 
to  rise  more  or  leas  from  every  soil  at  certain  seasons  of  the  year,  and  de- 
composes thero,  or  causea  the  elements  to  assume  new  forms  oi  chemical 
combination,  in  which  they  no  longer  exert  the  same  injnrions  influence 
on  animal  life.  How  beantiM  a  consequence  of  agrieoltnral  skill  that  the 
health  of  the  oommnmty  shonld  be  promoted  by  the  same  methods  which 
most  largdy  increase  the  produce  of  the  land  t   Can  it  be  doubted  that 
the  All-benevolent  Creator  of  the  world  places  this  conscqnence  so  plainly 
before  mankind  as  a  stimulus  to  fnrtber  and  more  general  improvements, 
to  the  application  of  other  knowledge  still  to  the  amelioration  of  the  soil'i? 
What  noble  employment  fox  the  mind  of  man  !    By  the  use  of  ctoaaMl, 
his  reason,  his  energies,  and  his  capital,  he  afibrds  in  the  first 
place,  enqiloyment  for  his  fellow'creatnres,  then  an  increase  of  food  and  of 
heallii  to  the  human  race ;  and  lastly,  a  remuneration  to  himself.  \Miat 
more  can  his  heart  deedie?   There  is  nothing  wanting  to  satisfy  either  the 
selfish  or  the  philanthropic  mind.    A  very  heavy  and  tmcxtinguishable 
responsibility  rests  on  those  persons  who  possess  the  means  and  the  power 
of  conferring  such  invaluable  benefits  on  the  hmnan  race,  and  neglect  the 
very  valuable  opportunity  of  lightening  the  debts  of  property  to  pov^ty ; 
and  who  continue  ignorant  and  unwilling^  or  inoipable  of  action,  in  spite 
of  the  waniings  of  scioioe  and  the  sanctions  <^  esqperience.   Under  the 
wide  expanse  of  heaven  there  is  not  and  cannot  be  a  more  grati^ring  em- 
ployment than  the  improving  the  condition  of  the  human'  race ;  u^tftnO, 
and  as  the  physical  condition  must  ever  precede  the  moral,  the 
impKjvement  of  wlxich  we  are  now  treating,  must  claim  a  prominent  place 
among  the  agencies  that  may  be  employed  in  effecting  that  object.  There 
is  a  huge  difference  between  the  mployment  we  are  now  describing  and 
the  many  fooleries  that  engage  the  attention  of  the  human  race,  that  de- 
grade the  intellect,  vitiate  the  morals,  and  debilitate  the  bodies  of  men. 
Here  is  emplojTncnt,  food,  and  health,  to  be  derived  from  a  source  the 
most  rational  under  heaven — from  the  cultivation  of  the  earth,  the  inalien- 
able patrimony  of  the  human  race.    It  is  not  a  little  surprising  that  any 
drainiiig  should  remaiu  unperformed,  the  proolij  of  the  beneficial  effects 
being  so  many,  so  strong,  and  nndeniable.  The  resnlts,  as  we  have  shown, 
are  not  confined  to  the  benefit  of  the  individual  who  performs  lSt»  opera- 
tion; they  swell  into  national  importance,  and  claim  the  attention  of  the 
philosopher  and  statesman,  as  well  as  of  the  cultivator  and     ^  eyery 
owner  of  tiie  soil.  Svery  interest  must  give  way  to  the  general  mUrt^?' 


988 


OM  LANDED  FBOfEaTY. 


interest;  but  here  ia  no  oppoBition,  or  any  jarring  cont^tion,  for 
every  party  is  benefited,  and  the  geaeral  good  promoted.  The  UbouTCT 
finds  employmeEt ;  the  farmer  obtainB  an  mcrease  of  produce ;  and  flie  land- 
owner gets  hia  property  improved  in  value,  and  a  lemnneration  for  Mb 
capital ;  the  nation  enjoys  a  climate  improved  and  aalubrified  by 
Midlompw-  the  proceas,  and  an  increase  of  food,  tte  easential  element  of  life, 
**^^*  on  the  regular  and  ample  supply  of  whiek  articles  the  proflperity 
of  any  social  commmiity  almost  wholly  depends. 


CMAPT£B  iX. 
MINERALS— WORKING  AND  VALUE. 

Mineral  property  h  very  frerjuently  tbe  most  valuable  part  oi  a  landed 
estate.  The  income  is  generally  steady  and  secure,  and  not  so  uncertain 
as  the  revenoe  of  the  eapitaliat  and  the  trader.  EKtenaive  mining  infers 
the  advancement  of  a  large  capital ;  and  an  adeqimte  knowledge  of  the  snb- 
ject  ahonld  be  present  before  commencing  too  raahly  in  the  works  of  dig- 
ging minerals.  There  are  many  cases  in  which  the  land-owner 
may  profitably  embark  his  capital  in  mining ;  bnt  in  most  cases 
it  h  preferred  to  lease  out  this  specie??  of  property  to  others,  who  advance 
the  capital  and  follow  mining  as  a  j^rofeasion. 

The  metalf!  of  Britain  are— copper,  tin,  lead,  ml  iron.  The  useful 
minerals  are — lime,  coal,  clay,  and  biiilding  stones.  Copper  lies  chiefly 
in  tike  older  rodcs  of  primary  and  transition,  and  is  fonnd  in  many  con- 
ditions, but  chiefly  in  the  ores  of  sulphnrets.  The  most  important  of  the 
ores  of  copper  is  copper-pyrites  or  yellow  copper  ore,  which  is  a  compound 
of  snlphnret  of  copper,  and  sesqui-sulphiiret  of  iron.  It  is  found  in 
granite,  the  trap  rocks,  and  even  in  the  lava  of  recent  volcanoes.  Although 
more  difficult  to  be  reduced  than  iron,  it  was  Jmore  extensively 
employed  by  the  ancients,  who  understood  the  art  of  hardening 
it,  80  as  to  form  cuitiug  instromeats,  by  mixing  it  with  tin  and  other 
metals. 

The  primary  and  transition  deposits  of  Oomwall,  that  are  intersected  by 
porphyries  and  other  plntonic  rocks,  afibid  the  richest  mines  of  copper 
that  are  now  worked,  which  lie  in  the  tract  of  country  between  Tmro  and 
the  Land's  End.  The  veins  traverse  the  slaty  rocks  or  MUas  of  the  pro- 
vincial nomenclature,  and  are  collected  into  groups,  and  do  not  cover  a 
large  extent  of  surface.  The  directions  are  various  in  wliich  the  veina  run 
their  course,  which  k  never  vertical,  but  at  an  angle  with  the  horizon. 
The  depth  is  not  known,  the  search  being  generally  abandoned  onacoonnt 

  of  the  poverty  of  the  vein,  or  the  increased  expenses  of  sinking. 

teConnran;        ^yerage  width  is  three  feet,  some  are  six.  and  even  ten  or 
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twelve,  with  emaUer  nmificaiiona.  The  lenglih  is  under  two  niOes,  though 
Bome  reach  to  aeven.  The  depth  ia  great,  extending  to  16S0  feet  below 
the  surface  of  the  groiiM,  and  many  cases  apinroach  to  that  level.  The 
driftways  and  levels  Tmder  ground  amount  in  the  aggregate  to  hundreds  of 
miles.  The  mines  extend  tmdcr  the  bed  of  the  sea ;  and  the  dashing  of  tlie 
waves,  and  the  rolling  of  the  pebbles  and  fragments  of  rock,  are  heard  by 
the  workmen  in  the  excavatioTUj  below. 

A  very  rich  mine  of  copper  was  wrought  in  Anglesea,  which  for  twelve 
years,  from  1773  to  1786,  lowered  the  pfrice  of  the  metal  thronghoTit 
Europe.  The  produce  diminished,  and  the  mine  is  now  only  moderately 
prodnctive*  Some  other  places  aflford  copper  in  limited  qnantities^-^as 
Devonshire,  Derbyshire,  and  Stafibrdahire,  the  Wicklow  Monntmns,  uid 
the  h\e  of  Man.  The  transition  mountains  of  Scotland  show  a  isAiqI^.  . 
small  quantity  ;  and  a  mine  has  been  opened  in  the  Zetland  *^ 
Islands.  No  rock  alxne  the  eoal  in  Britain  contaiiiH  copper;  but  in  Ger- 
many, beds  of  what  are  called  copper -slate  exibt  in  tne  new  red  sandfltone. 

The  hrass  of  the  Romans  meant  copper,  which  must  have  been  very 
early  worked  in  this  country.  The  Grown  gave  np  its  right  to  all  the 
baser  metab  in  1688,  when  England  did  not  prodnce  sufficient  copper  for 
its  own  use ;  and  the  copper  coinage  of  nfttive  metid  did  not  appear  till 
1717.  Erom  this  period  the  increase  of  copper  has  been  amazing,  and 
now  exceeding  14, 000  tons,  being  in  the  one-half  exported,  and  over  one 
million  of  money  in  value. 

Sulphur,  iron,  and  other  subatancea  are  aasociated  with  cop-  gnMinny, 
per,  and  require,  in  being  separated  Srom  it,  a  mnch  more  com- 
plicated series  of  opwations  than  iron  or  lead.  The  smelting  establish- 
ments axe  quite  distinct  from  the  digging  of  the  metal,  which  is  sent  to  the 
former  as  a  raw  material,  to  be  prepared  by  a  different  division  of  labour 
and  of  firm.  The  same  hands  do  not  often  possess  both  undertakings. 

The  metal  of  copper  is  very  malleable,  aiid  may  be  hammered  into  plates 
of  great  finenes?.    The  snbBtauce  is  of  great  value  in  the  arts.    Iron  only 
exceeds  it  in  tenaeity,  which  is  superior  to  that  of  gold,  silver,  i^nOtj. 
and  platinum.  The  alloy  equals  the  single  value — three  parts  of 
copper  and  one  of  ainc  form  brass ;  one  hundred  parts  to  ten  of  tin,  it 
forms  bronze  and  gmi-metal ;  with  twenty-five  of  tin,  it  forms 
beU-metal ;  with  thirty-five  of  tin,  it  forms  optical  speculse, 
which  were  formerly  used  as  mirrors. 

Very  few  localities  can  be  expected  to  yield  copper  in  any  workable 
quantity.  The  vahu?  is  inferior  only  to  the  preeioua  metals,  and  the 
mineral  is  very  profitaljle  on  an  estate  of  land;  liut  niucli  caution  is  due 
to  the  engagement  in  working  it,  and  must  ever  be  done  under  the  direc- 
tion of  a  skilful  engineer. 

Tin  is  a  scarce  metal,  yet  was  early  known  to  the  nations  of  Europe, 
who  seem  to  have  derived  the  supply  from  the  inhabitants  of  Tyre.  It 
occurs  in  the  primary  rocks,  in  vems,  or  disseminated,  and  hi  two  mineral 
species,  the  peroxide,  called  tin  stone,  or  tin  ore,  and  the  cnpreons,  snl- 
phuret  or  bell-metal  ore.   The  metal  is  abundant  in  Cornwall,  and  is 
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found  on  tho  continont  of  Eaiope,  aad  in  the  But  Indies.  In  OoTnindl 
die  veins  estemd  from  a  line  to  several  feet  in,  tMokaeflB^  and  are 
of  unknown  depth,  being  wider  in  the  softer  rocks  tkan  in  the 
prramte.  The  veins  are  wrought  by  vertical  shafts  and  by  drifts  nnder- 
groimd  tliat  extend  for  niany  leagues.  Stream  tin  or  grain  tin  is  gathered 
in  the  ravines  and  valleyai  where  it  lies  mixed  with  Band  end  grwel  in 
grains  or  larger  fragments  up  to  twenty  pounds  in  weight  The  ore  is 
separated  by  washing,  and  sdb  tX  » lower  price  than  the  block  tin  of  the 
veins. 

The  purifying  of  tin  is  a  tedious  process ;  the  ore  is  first  reduced  to 
powder  by  stampers,  and  washed  and  sifted,  so  as  to  separate  the  tin  from 
the  other  mixtures.  The  heat  of  a  furnace  then  banishes  the  sulphur  and 
arsenic  from  their  combinationa,  and  washing  separates  the  Bidjstances. 
The  ore  is  then  fused  by  lime  and  coal;  the  lime  combines  with  the  earthy 
woftiag.  i>^^*^  ^  <^  reduces  ^e  oxide  to  the  metallio  state.  It 
is  again  further  purified  by  fiuion,  and  cast  into  blocks,  which 
are  stamped  for  commerce.  About 4300  tons  of  tin  are  produced  in  Oom- 
QMiittt7  wall,  of  which  the  one-half  is  exported.  The  locality  of  tin  is 
very  limitedi  and  forbids  any  hope  of  a  successful  Bearch  in 
Britain.  Some  deposits  of  stream-tin  may  probably  ocour  in  the  primary 
districts  of  the  west  of  Scotland  and  Ireland. 

Lead  exists  only  in  one  abundant  ore,  which  is  the  sulphuret 
or  galena,  or  lead  gknce.  The  mineral  occurs  in  veins  of  va- 
rying thickness,  in  the  primary  or  trandtion  districts,  partially  in  the  old 
red  sand  stone,  abundantly  in  the  mountain  limestone,  but  sparingly  in 
the  coal  measures,  or  the  superior  formations.  The  chief  positions  in 
Britsdn  are  the  slaty  and  grey  wacke  hills,  which  stretch  across  the  idand 
from  St.  Abb's  Head  to  the  Irish  sea ;  in  Derbyshire,  Shropshire,  Devon- 
shire, and  Cornwall  ;  in  tlie  Isle  of  Man;  in  Denbighshire  and  Flintshire; 
and  in  some  paria  of  Ireland.  The  mines  have  been  worked  in  Scotland 
since  1540  with  cunsiderable  profit,  in  the  slaty  and  grey  wacke  rocks  of 
the  counties  of  Dumfries  and  Lanark.  The  tB<^ess  of  the  veins  varies 
from  four  to  ten  feet  and  upwards. 

The  elevated  country  near  the  Cheviot  hUls,  in  the  north  of  England, 
around  Oroesfiel],  where  the  meeting  happens  of  the  counties  of  Northum- 
wiMMitaa&d.  Durham,  N(Mrth  Bi^g  of  Yorkshire,  Oumberland,  and 

Westmoreland,  contains  the  mines  of  lead  that  are  the  richest  in 
England-  The  number  is  1 75,  and  have  been,  or  are  now  worked.  The 
rock  of  mountain  limestone,  with  its  accompanying  strata  of  pandntoneand 
slate,  contains  the  mines  which  arc  situated  in  the  five  counties.  The 
directions  of  the  vans  are  various,  and  are  sometimes  very  slender,  and  at 
other  tames  tiddk,  as  fifteen  feet  or  more.  The  best  are  in  the  limesttme ; 
and  the  quantity  and  quality  are  contracted  in  the  slate  and  sandstone. 
Trap  in  dikes  intmect  the  veinEk,  which  are  very  prodnetivei  and  have  much 
increased  the  value  of  the  landed  property. 

The  oldest  mines  are  in  Derbyshire,  and  the  rifhest  in  North  Wales, 
which  yield  folly  one-fourth  of  all  the  lead  in  the  kingdom.   Many  or  all 
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these  mines  have  been  worked  out  or  destroyed  by  innndatioTia.  The  av«t» 
age  yearly  produce  of  lead  in  Britain  is  about  50,000  tons,  and  Q^^anitr 
at  £,20  per  toa  the  value  is  about  one  million  eterling.  About 
one*tfaird  of  the  produce  U  exported. 

Lead-glance  is  the  chief  ore,  and  the  extraction  of  the  metal  is  not  very 
difficult  The  aulphiiT  is  driven  oS  aa  adda,  and  the  metal  is  y^„^ 
oxidated  hy  Hie  action  of  a  powerful  heat;  a  part  of  the  sulphuric 
acid  comhinos  with  the  metal,  and  forms  sulphate  of  lead,  to  reduce  whidi 
quicklime  and  coal  are  added  during  the  process;  the  lime  combining  with 
the  sulpbiiric  acid,  and  the  carbon  of  the  coal  ahstr^itiiig  the  oxygen  of 
the  metaiiic  oxide.  The  metal  being  reduced,  is  collected  in  vessels,  from 
whidi  it  is  cast  into  large  ingots  tem^d  pigs,  and  k  ready  for  commerce. 

Sibrer,  iron,  and  copper,  are  in  a  small  quantity  mixed  with  common 
lead.  The  silver  is  extracted,  when  the  quantify  defrays  tiie  expense ;  but 
the  amount  and  value  are  inconsiderable  in  this  country. 

The  hazards  are  large  of  mining  and  amelting,  and  metal-  ^1,^  of 
liferotis  veins  are  irregularly  disposed,  sometimcR  disappear,  and  Mining, 
are  cut  off  when  the  indications  appear  of  the  largest  returna.  They  are 
COnaequently  placed  beyond  the  calculation  of  coal  and  stones,  which  lie  in 
beds,  and  admit  an  approximate  relation  of  the  raw  material  with  the  ex- 
terior approach.  The  number  and  thickness  of  the  veins  must  determine 
the  expediency  of  working,  and  the  proprietor  will  be  guided  by  the  best 
advice  m  the  subject 

Iron  is  the  most  useful  of  all  the  metals,  and  enters  every- 
where  into  the  composition  of  the  larger  masses  of  mountain 
rocks,  and  in  combination  with  oxygon,  sulphur,  silica,  and  other  sub- 
Btauces,  forms  many  mineral  species.  The  ores  are  numerous,  but  two  of 
them  furnifih  the  useful  metal  in  magnetic  iron  and  clay  irou&tono.  The 
former  yidds  the  iron  of  Sweden  and  Norway,  and  occurs  in  beds  or  single 
crystals  in  the  older  rock  formations,  and  combines  the  two  oxides  of  red 
and  black.  The  ironstone  is  found  in  the  coal  measures  of  Britain,  of  which 
the  whole  consumplion  is  supplied  from  tiiat  quarter.  It  is  a  happy  ad- 
vantage, the  coal  and  lime  necessary  for  the  smelting  the  ore  are  found 
together,  aa  the  geological  deposit  has  placed  the  formations. 

Iron  occurs  in  beds,  that  are  from  one  inch  to  a  foot  in  thickness,  and 
alternate  with  ehale,  limestone,  and  coal.  The  ore  is  put  into  large  fur- 
naoea^  where  a  powerfnl  heat  is  raised  by  common  coal  mixed  with  lime  as 
a  flux.  The  axyg&a.  is  banished  by  the  heat,  while  the  lime  ^t^^^i^g,^ 
combines  and  carries  off  the  foreign  matters  in  a  iusible  com- 
IK)imd  called  slag.  The  melted  metal  by  its  density  anh  t  the  bottom, 
where  it  escapes  by  a  hole  plugged  with  sand  and  day ;  the  slag 
floats  upon  the  surface,  and  escapes  by  an  aperture  in  the  side  of  ' 
tiie  furnace.  The  process  of  fusion  goes  on  continually,  as  fresh  matter  is 
oonstantly  supplied  from  above.  The  liquid  matter  received  from  the 
furnace  is  run  into  moulds  of  sand,  and  then  it  forms  the  pig-iron  of 
commerce. 

The  fumaoes  are  square  at  the  bottom,  where  the  metal  collects,  and 
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then  swell  outward  to  their  greatest  diameter,  when  they  contract  to  the 
comTneiicement  of  the  chimney.  They  are  built  with  bricks  or  stone,  and 
lined  with  fire  bricks ;  the  hearth,  at  the  bottom  being  a  hard  infasible 
stone.  A  tmmel  head,  or  an  external  gallery,  at  tiie  beginning  of  the 
upper  part  of  the  chimney,  oontains  square  op^ings  with  iron 
Bm«itiDg.  yff\^      fiirnace  is  charged  with  materials.  A  most 

intense  degree  of  heat  is  raised  by  blowing  pipes,  which  are  driven  1^ 
steam  power,  and  bolcB  introduce  the  Htream.s  of  air  in  the  lower  and  nar- 
rower part  of  the  furiiaca.  The  fuel  is  coke  or  common  bituminous  coal  j 
and  a  saving  of  these  matter!?  in  the  one-third  to  one-half  is  pfFected  by 
heating  the  air  before  entering  the  lurnace,  by  passing  it  tiii  uugh  heated 
pipes  that  are  placed  between  the  furnace  and  the  blowing  apparatna : 
iron  is  more  brittle  ptodnced  in  thia  way  than  by  means  of  coke  and 
cold  air. 

Before  being  put  into  the  fomace,  the  ore  has  been  exposed 
in  heaps  to  the  tai,  for  the  purpose  of  banishing  water,  carbonic 
add,  and  salphnr.  Ironstone,  coal,  and  limeFftonc,  are  then  introduced  in 
twenty  cubic  feet  of  coal  to  the  corresponding  (|uautities  of  iron  and  lime. 
The  liquid  metal  is  usually  drawn  off  every  twelve  hours ;  and  tiie  furnace 
being  once  ignited,  is  never  again  eztingniahed  till  it  needs  reparation. 
The  metal  is  oonv^ed  into  its  moulds  under  a  shed  by  the  side  of  the 
furnace* 

The  iron  is  impure  as  it  comes  into  the  first  melted  condition,  containing 
foreign  bodies,  chiefly  carbon,  and  is  hence  regarded  as  a  carburet.   It  is 

fusible,  and  may  be  mnuldcd  into  many  fabrics.  It  becomes  tcnacionB  and 
ductile,  but  more  infusible,  and  formed  into  soft  or  malleable  iron  by  a 
iurtlier  series  oi'  processes,  by  which  it  is  i'reed  of  its  carbon  and  other 
impuiitiea. 

Pig-irgn  pig-irou  is  flued  iu  a  peculiar  hind  of  furnace,  and 

formed  into  a  slab,  whidi  is  rendered  brittle  by  throwing  water 
upon  it  Being  broken  into  pieces,  a  reverbatory  furnace  subjects  it  to 
the  op^tion  of  puddling,  which  consists  in  stirring  it  while  in  a  li  i  uid 
state,  when  a  lai^e  disengagement  will  happen  of  carbonic  oxide,  as  is 
known  by  the  blue  flame.  Balls  are  then  formed  of  the  iron,  and  forged 
by  heavy  haniFners,  or  are  passed  while  hot  between  a  series  of  grooved 
rollers.  This  conditiou  is  called  mill-bar  iron.  The  forging  is  continued 
by  wdding  pieces  of  it  together,  and  the  properties  arc  further  acquired  of 
malleability,  ductility,  and  cohesiveneas. 

The  iron  thus  prepared  is  the  yaluable  substance  of  malleable 
iron,  fuaible  only  by  the  most  intense  heat  that  can  be  produced 
hy  any  artificial  means.  The  malleability  is  of  any  temperature,  and  in- 
creases with  the  heat  applied  :  when  red  liot,  it  may  be  hammered  into  any 
forms,  and  welded  or  joined  in  any  fasliion.  Tt  i.s  very  ductile,  and  may 
be  drawn  into  thin  wirea,  when  ihe  hupporting  power  exceeds  all  other 
metals.    Combined  with  carbon,  iron  forms  steel. 

Iron  is  generally  mdted  where  it  is  found,  as  coals  and  lime  are  in 
contiguity.    The  mines  of  Britain  are  in  North  and  South  Wales, 
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SbropeMre,  Staffordshire,  and  DerbyBhure;  and  in  Scotlaqd,  in  mumia 
itxB  vallies  of  Forth  and  Clyde. 

The  improvementa  of  the  smeltinw  prof  psppp,  and  the  tise  of  the  etoara 
enerine,  have  increased  the  iron  trade  most  amazingly,  from  the  middle  to 
the  close  of  last  century,  and  the  i'acility  of  an  increased  prodnction  had 
the  usual  effect  of  dizaijiishing  the  price,  and  this  result  enlaiged  the  con- 
snmption  by  introducing  iron  into  many  other  purpoaes  of  uae.  The  de- 
mand now  muBt  limit  the  pr«oduction,  as  Britain  seems  capable  of  supplying 
the  entire  conamnption  of  the  world. 

The  mines  of  iron  are  let  upon  lease  for  a  stipulated  rent  or  Hem  »r 
royalty.  The  royalty  is  not  reducible  to  rnlc,  bnt  mnst  vary  royait/, 
with  the  nature  and  richness  of  the  mine,  and  other  circumstances  that 
affect  the  value  of  the  produce.  The  land-owner  may  sink  the  new  mine, 
aud  work  it  till  the  value  can  he  approximated,  when  a  tenancy  can  he 
negotiated.  Very  long  leases  are  generally  granted  to  companies  or 
wealdiy  individuals,  who  make  every  erection,  and  perform  all  business  at 
their  own  cost,  without  any  demand  on  the  original  inheritance. 

Coal  18  a  very  inflammable  body,  composed  <^iefly  of  bitumen 
with  other  matters,  with  much  carbon  in  the  hard  varieties. 
The  formation  lies  in  great  irregular  basins,  the  strata  dipping  to  some 
common  centre,  or  general  axis,  and  arc  found  in  the  sandstones  of  the 
secondary  claas  of  rocks,  which  succeed  the  unstratified  deposits,  ^^^lere 
this  rode  is  not  deeply  covered  by  the  upper  formations,  the  coal  approaches 
the  sur&ce,  and  was  early  discovered  for  the  purpose  of  fuel  It  forms 
the  chief  mineral  wealth  of  Britain,  and  employs  a  large  portion  of  the 
shipping  and  marinepi  of  the  island.  The  regiilarity  of  the  strata  of  coal 
is  very  often  disturbed  and  intersected  by  dikes,  fissures,  and  irruptionB 
of  igneouB  rocks,  as  traps,  basalt,  porphyries,  and  interjected  argillaceous 
matters,  which  are  found  in  every  geological  deposit  from  the  granite  to 
the  challc.  These  barriers  run  in  various  directions,  verticaJ,  oblique,  and 
often  right-angled  to  the  stratum  of  coal;  and  are  known  by 
different  names  as  dikes,  slips,  fiudts,  and  troubles,  according  as 
the  dislocation  of  the  stratum  is  greater  or  less,  and  affects  the  proceedings 
of  the  mine  largely  or  in  a  small  degree. 

Coal  is  best  discoTered  by  boring,  and  the  rsif    il  indications 
must  he  aueh  as  to  induce  that  trial  being  made.  Professional 
borers  contract  for  the  work,  and  are  paid  B^t.  for  the  iirst  tive  fathoms; 
lO.s.  or  more  for  the  second  ;  los.  or  more  for  the  tliird,  and  so  on,  in  the 
tjame  proportion  for  every  five  fathoms,  or  thirty  ieet  in  depth-  The 
essential  purpose  of  boring  is  to  asccfrtain  the  depth  and  thickness  of  the 
mineral  seams  in  the  tract  to  be  surveyed.   The  depth  of  the  covering 
over  the  coal  and  the  thickness  of  the  strata,  must  be  aecer-  _ 
tamed,  and  also  the  dip  or  inclination,  which  the  coals  assume 
in  the  extent  of  the  surface  ground.   Declivities  admit  a  day-level  being 
made,  which  will  draw  off  the  water  into  lower  ground,  when  it  is  best  five 
or  ^ix  tV-et  in  height,  and  four  feet  wide,  built  and  arched  with  stones  or 
bricki;.    Water  will  flow  into  every  excavation  made  in  the  ground, 


994 


ON  LAi«)ED  PEOPERTY. 


either  fmm  Urn  looser  earth  of  aUnvial  covoriog,  or  from  the  BetmB  of 
Bolid  atiKita  throngh  widch  it  may  permeate.    In  level  BitimtioBS,  no  in- 
L«T«k.       clination  can  be  found,  and  pumps  are  neceseary  in  order  raise 
the  water  from  the  bottom  of  the  excavation  to  the  suiiacc,  on 
which  it  IB  floated  away  into  brooks  or  rivers;  or  it  is  discharged  into 
a  day -level,  which  has  been  described.   In  gnat  depths,  there  ie  a  large 
mechanical  BtreBa  in  the  length  of  the  piston  rodsy  and  tiie  increase  of 
weight  and  strength  in  other  parts  of  the  pump,  when  water 
is  raised  from  the  bottom,  and  tbi^efore  it  is  neoeesary  to  have  a 
e^es  of  pumps,  the  lowermc^  throwing  the  water  into  a  cistern,  whence 
another  higher  pmnp  draws  it  to  a  second  cistern,  and  so  on  to  the  diB- 
ch  ir  jinrj:  nrifice.    The  cylinders  of  the  pomps  are  fifteen  and  eighteen 
inches  diameter. 

Cktals  are  reached  by  an  engine  pit,  circular  in  form,  aiiti  di-nded  by 
partitions  into  parts,  as  the  purposes  may  require,  in  placing  the  pomp, 
for  venitilatlim,  and  for  raising  the  coals.  The  engine  pit  is 
frequently  placed  at  the  tail  or  lowest  dip  of  the  inclined  strata 
below  gnmnd,  to  ^^ch  the  water  flowvs,  and  the  are  raised  at  oilier 
places  that  are  pointed  by  oonyenience.  The  coal  pits  are  cireularly  lined 
with  masonry,  through  the  depth  of  the  loose  covering  of  the  enrfao*> ;  the 
rocks  below  afford  a  solid  bomidary,  and  not  unfrequently  the  wall  iscontmued 
from  top  to  the  bottom,  or  planks  of  wood  or  thick  hoards  are  substituted. 
Sheathinga  of  cast  iron  prevent  the  iniiux  of  quickaands,  whi<^  were 
formerly  thought  to  be  &tal  and  altogether  insunnountable.  A  peculiar 
arrangement  joins  the  different  segments. 

waittpm.  Water  will  flow  into  the  pit  that  is  being  sunk,  which  must 
▼mtod.  be  removed  by  pumps  that  wt&  succesuTdy  lowered  downwards 
as  the  works  proceeds.  A  pump  will  very  conveniently  raise  water  to 
the  height  of  twenty-five  fathoms,  so  that  three  pumps  wdll  be  required 
for  thp  depth  of  seventy-five  fathoms.  Tlie  cisterns  that  receive  the  water 
at  til'  ht  ii  .  i]  diBtances,  are  fixed  in  the  excavations  made  to  receive  them 
in  the  aides  of  the  pit,  as  the  excavation  goes  on ;  and  the  pnmps  are  used 
in  the  first  place  to  raiae  the  water  that  flows  into  Ihe  pit  that  is  being 
dug :  thi^  are  afterwards  plaoed  in  the  position  which  they  are  to  occupy. 
In  some  pits,  the  water  is  carried  to  the  fixed  dstems  by  means  of  spiral 
h  xos  carried  round  the  Bides;  but  in  all  larger  pits,  the  entiy  of  water 
is  prohibited  by  the  cast  iron  sheathing  that  has  been  mentioned.  The 
sinking  of  the  engine  pit  constitutes  the  first  granti  vr  ork  of  the  mine,  and 
ie  termed  the  winning  of  the  colliery.  Wlien  the  miiin  ia  \\-on,  the  further 
o])*  i  ati^ii8  consist  in  working  the  mineral,  the  division  and  economy  of 
labour,  the  ventilation  of  the  mine,  and  the  removal  of  the  water.  In  the 
vast  coal  field  of  the  Tyne,  the  mineral  lies  deep  under  a  bed  of  alluvial 
debris,  and  large  depths  must  be  sunk  to  reach  and  excavate  the  workable 
coBtofiiBk-  fleams.  One  engine  pit  with  the  necessary  machinerj^  baa 
^  expended,  £60,000;  and  even  £80,000  and  £100,000  have  been 

in  special  casfta,  used  in  these  purposes.  Nothing  conld  justify  such  large 
outlays,  but  the  high  value  of  this  rich  coal,  which  it  has  maintained  for 
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centuries,  and  the  seemingly  inexhanstible  source  of  the  supply,  wkich 
appears  to  meet  the  continued  and  increasing  demand*  In  that  locality, 
mining  is  eeen  in  the  perfected  science,  and  engmeering  IB  exhibited  on.  a 
scale  of  giandeur. 

The  ooal  liee  in  geams  that  are  more  or  lefls  inclined  from  the  horizontal 
direction  and  which  ore  parted  by  Btrata,  which  are  moi^  or  lew  argilla- 
oeonsy  siliceouB,  or  calcareouB ;  the  lower  is  floor,  and  the  npper  the  roof, 

and  the  coal  is  parted  from  each,  by  thin  seams  of  dry  powder  Beaxmot 
or  clay  ;  and  the  coal  itself  is  intersected  by  series  of  subordinate 
partings,  parallel  to  the  main  ones,  eonsistini'-  of  a,  soft  carbonaceona  matter 
whick  blackciui  Llic  Angers,  and  varying  in  thicknessd  from  a  line  to  an 
inch  and  lulfl  The  mass  is  also  cut  hj  hades  and  entteiB,  which  extend 
tranaversely  at  right  angles  to  the  line  of  dip,  and  lon^tadinaUy  in  the 
line  of  dip,  and  these  diTisions  facilitate  the  working  of  the  coal,  and  affect 
tile  methods  of  working. 

Two  methods  are  used  in  working  coals — one  way  leaves  w^ofdif 
pillarB  to  support  the  roof,  and  which  remains  in  permanency, 
or  being  removed,  the  roof  falls  in  and  fills  the  vv.n<^-  the  second  mode 
allows  the  roof  to  fall  in  regularly  as  the  work  proceeds.   The  first 
mode  is  the  most  oomxaon,  f^d  the  m.ost  generally  applicable.    The  engine 
pit  is  at  once  sank  to  the  most  extreme  depth,  from  whidh  a  mine  is  nm 
which  is  termed  the  dip  head  level,  and  to  it  all  the  water  in  the  nune  s 
directed.   A  series  of  excavations  is  condoeted  in  the  line  of  ascent 
upwards,  and  another  at  rigkt  angles  to  these.  The  pnmp  raises  the 
water  from  the  lowest  level,  roads  are  directed  in  various  qnarters,  and 
one  fourth  part  or  more  is  left  of  the  Btandinj^  mass  in  order  to  support 
the  roof.    The  progressive  excavations  of  the  coal  divide  the  mine  into 
numerous  passages,  which  are  called  rooms  or  thirlings,  and  communicate 
with  one  general  passage,  that  leads  to  the  place  in  the  bottom  of  the  pit, 
by  which  the  coal  is  to  be  elevated.  This  road  is  a  doable  raflway  of  cast 
iron,  on  which  are  nm  low  tracks  on  four  wheels,  called  rolleys, 
and  are  dragged  by  one  borse,  several  tnudm  being  hooked 
together.   The  excavated  coal  is  placed  in  tabs,  technically  termed  corves, 
made  of  osiers,  or  of  hammered  iron.    They  are  put  on  small  tracks  with 
low  wheels  called  trams,  which  are  dragged  through  the  low  and  narrow 
passages  by  manual  labour.   Each  truck  carries  a  tub  or  corf,  con- 
taining fonr  to  six  cwta.    Boys  drive  the  corves  from  the  workings 
to  the  mainway,  and  lads  drive  the  tracks  along  the  mainway  to 
tiie  shaft. 

The  miners,  or  hewers,  work  separately  in  assigned  portions  of  work. 
The  ooal  is  brought  down  with  light  picks  of  iron,  by  wedges  and  drills, 
and  sometimes  with  gunpowder.  The  room  being  scanty  for  work,  the 
body  reclines  or  sits,  and  in  narrovr  spams,  the  back  is  flat  on  the  pave- 
ment. The  hire  is  by  the  quantity  excavated,  and  the  miner  Hiw*- 
assists  in  loading  the  corves,  which  on  reaching  the  mainway,  qpwuttiy. 
are  examinedby  the  saperintendent,  and  being  passed  his  sanction,  several 
corves  are  hooked  togethor,  the  train  ia  drawn  hy  a  horse  rapidly  along 
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the  railwfty.  "Wliero  the  Inclination  is  greats  inclined  planes,  with  map 

cliinery  are  subetitnted  fer  animal  power. 

The  ooTvee  having  readied  the  bottom  of  the  shaft,  a  Btrong  rope  with 
hooke  ari'l  chains  attaches  a  certain  number,  which  are  raised  to  the  pit 
mouth  by  means  of  the  rope  being  coiled  round  a  beam  which  h  revolved 
by  a  horse  walking  in  a  circular  pathway  ;  in.  all  large  minefi,  ijteam  power 
EtoTatioaby  relievcB  the  use  of  animals.  The  corves  are  unhooked  by  at- 
tendantg  at  the  month  of  the  pit,  and  dragged  on  Tails  to  the 
place  of  deposition  of  the  load.  The  empty  corves  are  lowerod  by  the 
elevating  powa-  working  in  another  direction. 

Ventiladon  is  very  necessary  in  every  work  nndergronnd,  and  fresh 
sir  mnst  be  made  to  circulate  in  every  part  of  the  excavation.  Air  pits 
are  provided  in  the  shape  of  wooden  hoxes,  which  communicate  with  the 
open  air,  or  with,  some  large  opening  that  receives  from  it  the  necessary 
r^pi  rations. 

Coal  mines  are  very  dangerously  infested  with  destractive  vaponrs  that 
issne  from  the  pores  and  fissures  of  the  coal,  and  which  accumulate  in  two 
dangerous  gases,  of  carbonic  acid  gas,  and  light  carbnrreted 

6u  ia  BiU.    I     IP  ™»     *  •         i  *        i  3 

hydrogen.  The  former  receives  the  name  of  coal  oamp,  or 
choke  damp ;  and  the  latter  of  fire  damp,  or  foul  air. 

Carbonic  acid  being  hca^y,  falls  to  the  gronnd,  and  rolls  along  like 
water,  in  the  lower  part  of  the  works,  rising  by  degrees  to  the  higher.  It 
issues  abundantly  from  the  ^eams  and  fi.^sures,  forming  a  stratum  of  a  foot 
or  two  at  the  bottom  of  the  excavation,  while  a  pure  air  is  respirable  above 
it.  In  the  air  above  it,  a  candle  buma  dear;  in  the  stratum,  it  is  instantly 
extinguished.  This  gas  is  pernicious  to  human  life,  either  pure  or  mixed 
with  atmospheric  air :  when  a  candle  will  not  bom  in  it,  it  is  instantly 
&tal.  Hence  the  precaution  of  lowering  a  candle  to  try  the  quality  of 
Saft^ifODsc.  ****       *^  modem  safe-guard  of  &ie  miner  carrying  a 

lamp  which  hy  the  faint  burning  warns  the  approach  of  danger. 
The  general  air  of  mines  Im  a  quantity  of  this  gas,  but  does  not  prove 
deleterious. 

liMdjarv  damp  of  mines  is  sub-carbnrreted  hydrogen,  and 

buTDB  with  a  strottg  yellow  flame.  When  abundantly  present,  it 
detonates  with  violence,  and  hence  the  danger  of  the  explosion.  Being 
Ught  it  flies  to  the  lU^her  part  of  the  works,  and  hangs  like  a  canopy  ov^ 
the  heads  of  the  workmen.  A  small  quantity  of  it  mixed  with  the 
common  air,  creates  no  inconvenience  ;  but  when  pure,  and  without 
ahnost  any  mixture,  rf^spiring  life  does  not  exist  iu  it.  If  ignited  by  the 
contact  of  a  burning  lamp,  a  terrible  explosion  takes  place,  attended  with 
much  devastation  fuid  loss  of  life.  The  gas  is  not  ignited  by  any  tem- 
perature below  that  of  flame,  and  flame  cannot  be  communicated  through 
narrow  tubes  of  metal.  Hence  a  lamp  was  constructed  by  Sir  H.  Davy, 
the  celebrated  chemist,  which  is  covered  with  a  tall  cylinder  of  fine  wire 
that  from  the  fineness  of  the  texture  doee  not  greatly  obstruct  the  lights 
while  it  admits  sufficient  air  iifom  without  to  support  the  comhuBtion. 
NowiMi     When  brought  into  contact  with  the  inflammable  air  of  the 
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mine,  tlie  air  enters  the  lamp  and  supports  combustion,  but  the  flaine 
of  the  lamp  does  not  yum  throvgh  Uie  covering  of  wire  gauze,  and 
inflame  the  explosive  atmoephere  without.  In  extreme  cases,  air  which 
enters  the  lamp  will  take  fire,  and  the  intense  heat  will  oxidate  the  wires, 
and  cause  them  to  fall  into  pieces.  This  aafeguard  of  a  lamp  against 
esqplosions,  is  not  wholly  perfect — but  it  baa  greatly  -luced  tbf»  number 
of  explosions,  and  would  still  lessen  the  accideTtts,  it  ana  caution  was 
observed.  Miners  are  careless,  and  '  ftFri  r.pen  the  lamps  to  trim  them  ia 
spite  of  every  admonition  and  the  many  fatal  examples. 

Private  ^dn  and  public  interest  are  equally  oonoemed  in  ihe  worldng 
of  coal  mines.  A  just  rent  can  always  be  got  for  coal  in  proportion  to 
the  quantity  of  saleable  produce,  and  the  royalty  varies  from  ro^^i^iui 
on e-sixth  or  more,  to  one-fifteenth,  according  as  the  mine  is  level 
free,  or  requires  an  engine  pit  When  other  minerals,  as  ironstone,  are 
wTonght  along  with  the  coal,  a  separate  royalty  is  charged  on  the  spiecial 
article.  The  lease  must  dcsorlhc  the  situation  and  extent  of  the  mine, 
with  a  map  made  and  signed  by  both  parties.  The  mode  of  worldng  the 
miu^  the  maintenance  of  the  levels,  and  other  general  regpulations,  are 
also  agreed,  the  landlord  builds  the  specified  accommodations,  the  lessee 
upholds  them,  and  leaves  all  in  tenantable  order  when  he  vacates  the 
possession.  The  moveable  machinery  is  erected  by  the  tenant,  and  the 
landlord  can  buy  it  at  the  valuation  of  mutual  r^erees. 

The  royalty  is  ascertained  from  the  sworn  books  of  sale  by  ,  . 
the  tenant,  and  the  owner  may  appoint  Ms  own  agents  aschecKH  tha^bootoof 
for  his  interest :  and  he  can  send  into  the  mine  at  any  time, 
snrveyora  to  see  that  the  mine  is  properly  wrought,  and  all  things  are 
attended.  The  working  must  not  touch  any  other  mine  by  ten  fai^bomB, 
nor  go  underneath  any  specified  buildings;  all  pits  must  be  arched  over, 
and  surfoce  damages  paid.  Other  conditions  will  arise  from  local  drcum- 
stances,  and  occurring  attachments. 

ViTicn  coals  arc  discovered,  the  proprietor  of  the  ground  sinks  the  pit, 

makes  the  levels,  and  puts  all  into  current  going  order  ibr  operations.  The 

mine  is  then  let  for  a  yearly  rent :  or  a  long  lease  on  very 

.  I<«aM]iloaf. 

e(iuitable  terms  is  given  to  the  wealthy  individual,  or  a  public 
company,  which  uses  the  possession  nearly  as  its  own.  In  other  cases,  the 
proprietor  is  the  sole  agent,  works  the  mine,  and  gets  all  profits.  The  charge 
of  royalty  is  the  most  just  and  equitable  for  both  parties,  as  it  depends  on 
the  quantity  sold,  and  does  not  rob  one  to  jmy  another  in  an  uncertainty. 
The  quantity  of  coals  excavated  yearly  in  Britain  reaches  36,000,000  of 
tons,  and  at  10«.  of  an  average  price  the  value  amounts  to  £18,000,00i).  The 
one-half  of  the  price  belongs  to  the  labour  that  has  brought  the  coal  to 
the  mouth  of  the  pit,  and  the  other  for  the  carriage  to  the  port  of  delivery. 
The  capital  engaged  in  coal  mining  exceeds  £10,000,000.  The  single 
seams  of  coals  vary  in  thickness  from  one  foot  to  forty,  and  the  aggr^ation 
of  a  coal  bed  firom  that  to  200  feet.  The  condition  of  the  mining 
population  has  been  much  improved  by  private  benevolence,  and  special 
acts  of  legislation. 
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Lime  ezistB  m  many  cnmlriiwriaoM,  but  nuwtly  aa  a  car- 
bonate, or  an  eartliy  base  in  combination  with  carbonic  acid 
gas.  The  hifi^lily  indnratcd  and  crystalline  kinda  form  marbles;  and  thc 
softer  C(  iiHtitute  the  commoa  com]  a  t  limestone,  magneaian  stone,  oolite 
limes,  and  chalk.  All  theae  rocks,  being  subjected  to  a  strong  heat  above 
ledness,  yield  the  gaa  which  holds  the  atone  together,  and  becomae  a  light 
dnder,  which  on  being  alaked  with  water  fidlg  into  6ne  powdw.  The 
inixfciire  with  aaud  becomea  mortar  for  building  waUs  of  atones  and  brieka 
and  the  powder  is  nsed  as  manure  for  land. 

liime  is  mostly  a  flat  rock,  and  lies  in  horizontal  beds,  that  are  divided 
by  seams,  and  cross  fissures,  and  differs  largely  from  the  veins  from  winch 
minerals  are  extracted.  \\Tiere  the  rock  is  uppermost  in  position  witliout 
any  stratified  body  being  superimposed  except  the  alluvial  covering,  the 
excavation  of  the  stone  is  done  by  open  cast,  that  is,  in  the  manner  of  a 
qnany.  An  outlet  for  the  water  is  &st  to  be  fonnd  in  the  natural  descent 
of  the  ground — ^if  none  exists,  a  low  point  must  be  formed,  and  a  pomp 
placed  over  it^  which  will  discharge  the  water  into  some  opening  or  out^ 
let  The  earthy  covering  of  the  rock  must  be  raised  by  spade, 
and  wheeled  by  barrows  to  some  side  where  no  interference 
will  bo  made  with  the  works.  When  the  limestone  lies  deep,  the  mirn'Tis: 
of  the  rock  proceeds  in  the  manner  of  coals.  The  rock  of  lime  generally 
yields  to  the  pick^  hammer^  aud  wedge ;  otherwise,  it  is  bored  and  blasted 
with  gunpowder. 

Fnmaoee  are  buflt  for  the  purpose  of  calcining  limestone,  in  the  eOip- 
tical  {maOf  narrowing  to  &e  bottom  where  the  caldned  lime  is  withdrawn. 
The  egg-shiq^  is  used,  when  the  wider  end  mnat  be  at  the  top^  in  order 
to  receive  the  raw  materials  of  broken  stones.  The  exterior  wall  of  the 
famace  is  of  thick  masonry,  and  the  inetdc  lined  with  fire  brick,  or  stones 
capable  to  resist  a  high  temperature,  and  erected  on  a  convenient  ground 
to  receive  the  stones  that  are  intended  to  be  burnt.  It  should  stand  at 
the  bottom  of  a  alope  if  possible,  and  tiie  top  levd  with  tiie 
mixed  atonea,  iriiidi  are  pet  at  onoe  into  the  furnace,  and  ihe 
low  ground  givea  aooeaa  to  the  removal  of  the  cindera  of  the  lime  aa  they 
are  drawn  from  the  opening  at  the  bottom  of  the  furnace.  When  a 
suitable  situation  is  at  a  moderate  distance,  a  rulway  will  convey  upon 
trucks,  the  stones  to  the  firnace.  The  stones  are  broken  by  hammer  into 
a  coiwenient  size,  and  put  into  the  furnace  with  alternate  layers  of  coals 
or  wood.  The  fire  being  applied  below  ascends  upwards,  consumes  the 
fuel,  and  banishes  the  gaa  from  the  stone,  which  is  drawn  and  carried  from 
the  eye  of  the  kUn,  in  a  constant  r^pulsri^  with  the  filling  of  the  atones 
into  the  top  of  the  fomaos.  In  this  way  ike  work  never  stops,  and  the 
supply  is  constant.  It  is  computed  that,  in  a  well-oonatructed  kiln,  one 
bwihel  of  the  best  ooid  will  produce  three  of  lime,  and  from  one-third  to 
Dmvi^flf  one-half,  acxjording  to  the  constitution  of  the  lime,  may  be 

witiidrawii  every  day.    These  proportions  will  vary,  an  ] 
much  as  two-thirds  may  be  withdrawn  by  extending  the  height  of  the 
kiln,  lessening  its  diameter,  aud  diminishing  the  width  of  (he  top.  But 
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tli»  calcination  will  be  len  gradual  and  perfect  than  when  more  time  is 
allowed,  and  a  smaller  quantity  withdrawn. 
The  proprietor  may  keep  in  his  own  hands  the  working  of  limeBtones; 

but  it  is  generally  let  at  a  royalty  tliat  varies  from  one-sixth  to 

a  fourth  of  the  proceeds,  according  to  the  quality  and  sale  of  the 

lime,  and  the  diBiaiicc  aud  cu^t  of  Wheu  the  royalty  is  extended 

to  show  an  average  of  yeara,  a  lease  may  be  granted,  as  for  a  furm  of  land, 

upon  the  moderated  calonlaiami  that  should  direct  the  a^^iim^tious  of 

vslne. 

Bnilding  atones  are  snflBmently  strong  to  resist  the  preBsnre  of  any  force 
applied  to  them,  and  dursble  to  oppose  dlBmtegration  from  the  power  of 

chemical  changes  and  external  agents.  Hardness  and  tenacity  oompoae 
the  first  quality,  and  the  texture  forms  the  second.  The  dosenesB  of  the 
grain,  the  homogeneity  of  the  mass,  and  in  certain  cases  the  specific 
gra\dty,  indicate  durability,  and  aCford  the  only  direction  of  judgr^ient, 
independently  of  experience.  A  loose  earthy  texture  is  very  unfavoiuable 
to  dniability. 

Boflding  stones  are  of  all  kinds,  from  the  primitive  granite  to  the  upper- 
most formation  of  chalL  The  secondary  formation  of  flat  rocks  affi>rds 
the  most  nsefhl  artidea,  as  the  beds  are  flat  and  horixontal,  and  are  tra- 
versed by  seams  and  fiesTires,  which  very  much  facilitate  the  excavation  of 
the  stones.  Sandstones  and  limestones  are  the  best  rocks  for  mak-  BnUding 
ing  walls ;  and  the  varieties  arc  many,  and  the  qualitioB  diKCordant. 
Th&y  are  ceriaiiiiy  mierior  to  the  crystalline  rocks  in  a  very  long  dura- 
bility; hot  the  use  is  more  general  from  the  facility  of  being  raised,  and 
formed  into  any  shape  of  blocks.  Limestones  are  of  bettsr  practical  value 
than  sandatones. 

Beds  of  rooks  that  are  woikable,  will  He  on  flat  grounds,  or  in  the  aides 

of  declivities.  In  both  cases,  the  lowest  point  must  be  sought  where  to 
begin  the  excavation,  and  to  it  the  water  will  flow  and  be  discharged.  A 
road  must  be  made  to  lead  into  the  opening  from  the  nearest  approach  of  the 
conunon  thoroughfare,  of  which  the  ascents  must  be  easy,  and  worUnsof 
the  inoUnations  gentle.  Where  a  permanent  use  of  the  quarry 
for  stones  is  anticipated,  the  earthy  covering  must  be  removed  and  wheeled 
to  some  convenient  deposition,  in  which  no  interference  will  be  made  with 
tiie  future  operations.  If  the  quality  allows,  the  earthy  matters  mi^  be 
mixed  with  lime  for  a  compost  manure:  at  least,  the  ui^ermost  atratom 
may  suit  this  purpose.  Where  a  short  purpose  is  required  in  digging 
stones,  the  earth  may  be  kid  behind  the  operations,  and  thus  fill  up  the 
excavation,  which  will  again  become  arable  ground.  A  depth  and  width 
of  face  of  rock  will  be  preserved  according  to  the  dip  and  inclination  of 
the  strata.  When  the  beds  sink  downwards,  and  no  ontlet,  can  be  mmh.  te 
dug  to  vent  the  water,  a  pomp  must  be  erected  to  raise  the  li- 
quid,  and  discharge  it  over  the  intervening  height  into  a  running  declivity. 
The  stones  are  separated  and  raised  in  blocks  by  sledges,  picks,  wedges, 
and  hand-levers;  and  in  case  of  the  harder  rook,  gunpowder  is  applied  to 
burst  the  rock  into  frsgments.  The  nature  of  the  twsk,  the  diieeUon  of 
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the  8tnta»  and  the  lines  of  cleavage,  adi^  the  modes  of  working  to  the 
peculiar  oonfotmations. 

Quanries  of  stones  are  hat  little  valaed,  except  in  some  few  caees  where 
favoTirable  circmnsitaTices  concur  to  demand  the  use.  The  quality  <hon  niust 
be  very  snperior,  the  transport  ready,  audtbe  sal*^  ODn&tant  and  permanent. 
These  jtmctions  very  Beldom  meet.  When  a  stone  quarry  is  worked  in 
-.^  ordinary  circumstances,  the  royalty  varies  from  one-third  to  two- 
fifths  of  the  sales,  leaving  two-thirds  to  three-fifths  for  the 
expenses  and  profit  of  tiie  lessee.  A  yearly  rent  may  he  imposedt  after  an 
approximation  has  been  learned  of  the  probable  viiue  from  the  bygone 
practice. 

Slates  are  a  primary  formation  of  rocks,  crygtalline,  hard,  and  durable, 
and  are  laid  iu  vertical  strata,  thin  and  fissile,  with  laminar 
openings.  They  are  used  for  roofing  houBea  and  are  very  ex- 
tensively quarried  in  Wale^  and  in  the  west  of  Scotland.  The  lai^r 
rocks  are  parted  by  wedges  and  levers,  and  the  fragments  by  hand  tools 
into  smaller  nzes.  Slates  are  only  found  in  the  primary  districts,  and  are 
w  roiight  on  a  royalty,  as  may  be  due  to  the  demand. 
Magstonee  are  nsed  for  laying  pavements,  private  roads,  and  tiie  floors 
of  hoTises.  The  rock  is  found  from  the  primary  schist  to  the 
uppermost  sandstone,  in  which  formation  it  chitifly  abounds,  and 
constitutes  a  very  useful  article.  Tho  ]uh]  is  raised  iu  the  natural  divisions, 
wHmgia.  "^hich  ai'e  afterward  sepuraieu  into  use,  as  can  be  effected.  The 
quarry  is  conducted  as  formerly  described  for  building  8t<mes, 
and  the  royalty  or  yearly  value  is  fixed  in  the  same  way.  The  stone  is 
mostly  silioeons,  with  a  base  of  clay  and  sometimes  with  limestone. 

CSay  is  an  allavial  formation  that  is  of  vast  extent  in  some  flat  countries, 
and  the  presence  of  it  can  be  traced  from  the  decomposition  of  soft  felspar 
in  the  primary  rocks,  to  the  snb-sprial  deposit  of  fresh  water 
alluvium,  attending  every  formation,  and  contributing  very  large- 
ly to  mark  the  connections  that  serve  to  exhibit  the  various  stages  of  the 
ascending  series  of  deposits.  Argillaceous  schistus  is  the  first  type  of 
the  body  of  day,  and  from  that  primary  rock,  in  the  form  of  shale  of 
very  varioos  qualities  and  conditions,  day  is  an  accompaniment  of  every 
deposit,  and  a  very  strong  indication  of  the  increasing  existence  of  soft 
materials  in  the  structure  of  the  globe.  The  first  deposits  of  day  that  are 
exposed  to  view,  are  very  viscous  and  tenacious  in  the  texture,  from  hav- 
ing been  suspended  in,  and  deposited  by  marine  water,  as  is  clearly  indi- 
CtUed  by  the  presence  of  the  spoils  of  the  ocean.  Other  bede  are  much 
more  finaUe,  having  been  washed  by  fresh  water,  and  deposited  by  its 
agency. 

The  finer  days,  or  tiiose  that  are  most  pure  in  nlica  and  dnmina,  are 
used  in  making  porcekinand  pottery,  and  the  more  mixed  sorts  are  numuftc- 
tured  into  bricks  and  tiles.    For  both  purposes,  the  essential 

quality  is  the  kncadable  property,  by  which  when  moistened,  the 
clay  can  be  led  into  any  shape  by  hand  or  tool.  Porcelain  clay  is  the 
finest ;  pottery  is  made  of  the  second  quality ;  and  bricks  and  tiles  pro- 
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ceed  from  the  inforior  r|ualitle8.  Tlie  first  Vmdp.  of  clay  are  the  decompo- 
sitions of  the  older  rocks,  iu  veins  or  small  beds,  whence  the  Bubtttance  is 
excavated  like  metals,  and  sent  to  the  special  manufactory.  XtforiUBa 
very  distinct  employment,  and  is  not  of  great  extent  iu  liritain. 

The  inferior  days  are  mixed  with  odier  substances,  from  having  been 
exposed  to  different  combinations,  and  to  Ihe  affections  of  external  agencies. 
The  foreign  substances  are  lime,  iron,  manganese,  potassa,  and  bitumen, 
in  very  different  quantities  and  combinatioas,  most  of  which  inf  r  or 
Bubstances  tend  to  make  the  clay  fusible.  A  certain  degree  of 
ftisibility  is  required  both  in  pottery  and  bricks,  in  order  that  the  ma- 
nufactured article  may  be  rendered  capable  of  resisting  the  absorption  of 
moisture ;  and  in  all  the  natural  clays,  even  the  purest  employed  in  the 
arts,  the  foreign  bodies  exist  in  them  to  the  degree  of  producing  fusion 
at  certain  temperatures. 

Very  early  ages  of  the  world  used  vitrified  or  fused  day  in  the  forma- 
tion of  vessels,  and  the  use  of  brick  as  a  subetitate  for  stone  in  building 
seems  to  have  had  a  very  early  date. 

Clay  that  is  fit  for  bricka  is  found  in  many  parts  of  Britain  :  it  must 
be  free  of  stones,  pla-stic,  and  capable  of  forming  a  stiff  paste  with  water. 
Lime  is  added  to  some  clays  to  produce  a  tendency  to  fusion,  qj,-  ^ 
and  is  used  as  powdered  chalk,  or  marl.  Sand  also  is  \u>ed  for 
the  purpose  of  preventing  too  great  a  contraction  of  the  day  in  the  fiu> 
naoe,  end  it  must  be  as  siliceous  as  possible.  The  quantity  is  soon  deter- 
mined by  experience,  and  must  not  make  the  bricks  brittle.  The  best  clays 
are  those  which  already  contain  the  portions  of  lime  and  sand  that  are 
necessary  for  the  above  purposes.  Coal  ciaiders  are  added  to  clay,  and 
prevent  the  contraction  of  clay  in  burning,  in  the  same  manner  as  sand; 
the  iron  of  the  day  is  de-oxidised,  and  the  bricks  are  yellow,  a  colour 
which  is  valued  in  building,  and  the  durability  ia  iucreaeed.  Certain  claya 
resist  high  temperatures,  and  constitute  fire  bricka,  as  the  constituent  mat- 
ters exist  in  some  definite  proportion.  This  day  is  scarce,  and  is  chiefly 
found  in  the  shales  of  the  coal  formation. 

The  beds  of  manufactured  clay  are  several  feet  thick,  or  lie  in  very  ir- 
regular deposits.  In  certain  casea,  it  is  dug  and  used  at  once ;  but  most 
generally  and  beoefidally,  it  is  raised  from  the  bed  or  day  pit» 
laid  in  shallow  heaps  before  winter  and  in  quantity  enough  for 
the  work  of  one  year.  Tlie  harder  matters  will  be  retlueed  by  exposure 
to  the  air,  the  parts  will  be  blended  together,  and  the  whole  mass  will 
be  mollified.  In  most  cases,  one  winter's  exposure  will  prepare  the 
day;  bat  in  some  instances,  two,  and  sometimes  three,  are  required,* 
and  in  all  cases,  a  long  exposure  is  beneficial.  The  day  is  several 
times  turned  over  and  moistened  with  water,  and  if  sand  or  lime  be  re- 
quired, this  is  the  hest  stage  of  tiie  process  for  mixing  them  intimately 
with  tiie  clay.  Straw  or  turf  is  frequentiy  laid  over  tiie  day  after  being 
prepared  in  this  way.  Soil  and  stones  are  carefully  removed  when  the 
clay  i&  moved  from  the  bed. 

The  clay  mill  or  pug  mill  next  cuts  the  clay  into  minute  shreds,  as  it 
3  Q 


1002 


OK  LANDBD  FDOFESTT. 


passes  downwards  through  the  action  of  arms  and  knives,  which  are  im- 
pelled If  the  power  ci  hocaes  or  ateam.   The  day  ia  then  ready  for  hdng 
moulded  mto  any  shape,  ttther  hy  manual  lahoor,  or  hy  ma- 
ohinery.  The  day  is  thrown  with  aome  force  into  the  moold, 
smoothed  over  the  top  by  a  ruler  of  wood,  which  compresses  the  clay,  and 
fits  it  to  the  monld.  Thia  is  the  mould  for  flat  artidea ;  for  bended  and 
arched  purposes,  a  slice  of  clay  ia  fitted  over  the  mould,  and  pressed  down 
npon  it :  the  moulds  ^jcing  removed,  the  shaped  clay  is  placed  on  the 
shelves  of  a  drying  shed.    An  expert  moulder  will  form  5000  bricks  in  a 
day,  and  1600  to  2000  draining  tiles.    Bricks  for  drying  are 
built  in  walla  with  alternate  interstioeB,  whidi  allow  the  cirea- 
lation  of  air:  but  for  drying  tiles,  ahelvea  are  naed  in  long  sheds  of 
TarioDB  8izee»  aa  the  extent  of  works  may  require.    An  ordinary 
work  will  need  a  sh^d  of  150  feet  long,  18  feet  wide,  and  6  feet  high. 
The  aidea  of  the  ahed  are  hnng  with  ranvaa  doth,  whidi  is  nm  np 
on  rollers,  when  the  Bcrecn  is  not  wanted  to  prevent  the  effects  of  fropt. 
The  roofing  may  be  of  slates,  tiles,  thatch,  or  boards,  aa  the  climate 
may  require. 

The  tiles  must  remain  in  the  shed  till  sufficiently  dry  to  bear  the  heat  of 
the  kiln.  Thia  time  will  vary  from  four  to  eight  days,  according  aa  the 
weather  may  he  dry  or  mdat.  Baking  kilns  are  of  two  kinds ;  clamps  for 
preparing  common  bricks,  and  dose  kilna  whidi  harden  tilea  for  roofing 
and  draining.  The  damp  is  an  oblong  heap  of  bricks  placed  above  each 
BnraiDff  other  lobgitodinaUy  and  transversely,  leaving  intervals  for  the 
passage  of  the  air  :  fuel  cbambftrs  are  formed  on  the  grotmd 
of  fire-bricks,  entering  from  the  opposite  sides  of  the  heap:  from  these 
fluce,  cross  ones  are  carried  at  right  angles  into  the  intervening  spaces. 
The  fuel  is  put  into  the  chambers,  ignited,  and  the  clamp  is  gradually 
heated  from  the  bottom  upwards.  More  or  leas  fud,  and  the  ^darging 
or  diminishing  the  (mfioes  of  the  fire-places,  will  regulate  the  combostion, 
which  is  slow  at  first,  and  gradually  increased  to  the  required  intensity, 
and  after  a  suitable  time,  the  fumacea  are  doaed,  the  firea  ^ctinguished, 
and  the  bricks  allowed  to  cool. 

Tlio  close  kilns  act  upon  the  pame  principle,  and  the  heat  being  con- 
fined within  walls,  can  be  raised  to  a  greater  intensity  by  an  equal  expen- 
diture of  fuel.    An  oblong  building  with  a  set  of  fuel  <^hambor3 
along  the  sides,  which  are  prolonged  into  flues,  coniaiuii  the  tiles 
placed  interstitially  firom  the  bottom  to  the  ardied  roof,  and  beat  when  set 
on  end.   Oroas  flues  of  fire-bricb  convey  the  heat  uniformly  over  the 
extent^  and  the  vapour  or  heated  air  eeoapes  at  the  top  by  vents  for  the 
special  purpose.   The  fire  is  put  into  the  chambers,  and  the  heat  ascend- 
ing warms,  dries,  and  bakee  the  tiles  of  day,  by  the  rising  current  of  air, 
and  by  the  contact  of  the  tiles  with  one  another.    The  slow  fire  is  gradu- 
ally increased,  and  kept  burning  till  the  tiles  are  baked,  which  will  require 
about  seventy-two  hours,  according  to  the  construction  of  the  kiln,  and 
the  degree  of  heat  maintained.    Wlien  the  tiles  are  baked,  the  fires  are 
eztingnidied,  and  the  mass  ia  allowed  to  cooL  Diffarent  constructions  and 
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operations  are  used  in  making  kiina  which  are  more  or  lesa  perfect,  and 
may  yet  be  much  improved. 

Draining  tiles  are  now  mostly  made  by  machines,  of  which  tiie  most 
approved  are  those  of  Mr.  Anislie  and  Mr.  Ethei'edge.  The  clay  passes 
between  rollers,  and  hence  into  apertnres  which  contain  the  ^.^^ 
mould  that  is  wished,  and  from  which  the  clay  comes  in  the 
shape  of  the  intended  use.  Some  differences  exist  in  tlie  construction  of 
the  machines,  but  the  purpose  is  pffpeted  as  above  TneTitiomnl.  It,  is  doiibt- 
any  advantage  is  gained  by  the  use  of  machiiiery  in  this  respect. 
The  article  is  not  so  well  manufactured,  and  eliLapness  never  can  consti- 
tute true  economy.  For  draining  tiles  a  good  article  is  essential,  as  the 
damage  is  removed  from  view,  and  is  placed  beyond  repair.  An  insnf^ 
ficient  preparation  is  beyond  all  other  things  to  be  avoided. 

The  manufacture  of  bricks,  in  Britain,  exceeds  fifteen  hundred  millions 
yearly.   The  production  in  England,  and  the  economy  of  la-  q^^^y 
hour  exceed  all  other  countries,  but  not  the  qualify  of  the  article, 
being  inferior  to  Holland.    Brick  errounds  are  rendered  useless  hy  tlie  dig- 
ging of  clay  for  any  future  a])plication,  at  least  for  a  long  period  of  time; 
and  the  land  may  be  sold  for  that  use,  a  lease  granted  for  a  cer- 
tain extent  of  ground,  or  a  royalty  claimed  on  a  specific  num- 
ber of  mannfactured  articles. 


CHAPTER  X. 

EXPENSES  OF  AN  ESTATE— BEGULATIONS  OF  DIS- 
BURSEMENTS—AND RELATION  OF  THE  APPRO- 
PRIATE  EXPEjNDITURES. 

It  is  a  fixed  law  of  nature  that  all  bodies  tend  to  change  oon> 
dition,  whidi  terminates  in  a  total  decay  and  disappearance  oil  a  laa«led 
from  a  state  of  being.   This  tendem  y     'sts  in  all  formations,  ******* 
whether  organic  or  devoid  of  functional  progressions ;  and  is  quick  or 

slow,  aecordinf]^  aa  the  natural  conf5titntion  may  be  soft  and  pervious,  or 
compact,  liardj  and  durable.  Inorc^anic  bodies  are  slow  in  decay,  but  are 
liable  to  a  disint<!gration  of  tbc  parts,  whicii  ini])airs  the  (juality  and  de- 
feats the  purpose  of  use.  Vegetable  bodiea  are  quicker  to  decompose  from 
the  greater  number  of  component  parts,  and  the  natural  quality  of  the 
different  kinds  that  are  produced.  Slow  growths  are  the  most  durable,  as 
the  parfB  are  more  exposed  in  the  congregation,  and  hardened  by  the  ex- 
ternal influences  of  affection.  The  inorganic  creation  docs  not  allow  these 
circumstances,  and  the  condition  is  less  changeable,  but  still  liable  to  nature's 
general  law. 

When  tlicHC  materialB  are  used  for  tlie  pnrposr'p  of  ntility.the  Mtteriala  Au- 
best  quality  that  can  be  procured  is  chosen  for  the  sjjecial  appii- 
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cation,  and  adapted  as  the  moat  experienced  knowledge  is  able  to 
direct. 

For  tlie  building  of  hoDses  and  walls  of  any  kind,  stones  are  preferred 
to  bridks,  in  all  cases  where  the  former  materials  can  be  got  within  the 
bounds  of  a  reasonable  expense.  But  in  alluvial  countries,  and  where  the 
distance  of  carriages  mul  )thcr  circumstances  render  difficult  the  provision 

of  stone?,  tlie  use  of  bricks  is  adopted;  and  being  an  artificial  prodijotion, 
that  materiMl  for  wallp  }>pcomes  more  easily  decomposed,  especially  if  the 
oluy  lie  indifferent  in  qualitA-,  and  the  manufacture  inid  brinks  has  been 
ijiiproperly  executed.  Not  only  the  getting  of  these  materials  forms  a 
chief  consideration,  but  the  (iuality  as  to  fitness  and  durability  must  con- 
Sbmm  mi  stitute  a  very  hirge  item  in  the  estimate  that  is  being  made  of 
any  undertaking  that  requires  the  use  of  the  materials.  Expense 
being  equal,  or  so  nearly  balanced,  as  that  the  superior  eligibility  of  stones 
is  able  to  cover  tbe  difference,  no  besitation  can  happen  which  of  the  ar- 
ticles will  be  used ;  and  a  consideration  may  be  added  of  tlie  extended 
snppriority  whudi  Ibe  harder  material  will  evince  beyond  the  present  cal- 
culation of  the  apjilied  utility.  "V^Tiere  the  cost  of  i^on.  s  does  not  exceed 
fifty  per  cent,  more  than  bricks,  the  choice  will  be  juaiilicd  oi'  the  rocky 
body,  as  tbe  durability  will  recompense  the  surplus  in  requiring  less  re« 
pairs,  and  in  constituting  a  better  erection  in  every  point  of  view.  But 
where  the  balance  of  cost  amoimts  to  nearly  one  hundred  per  cent.,  the 
brick  must  be  chosen,  as  that  amount  may  never  be  repaid  during  a  long 
g^^^^i^^^^  currency  of  the  necessary  repairs.  If  the  stone  be  sandy,  and 
belong  to  tbe  Boft  deponit  of  rocks,  tlie  decay  will  soon  com- 
mence; exposure  very  much  affects  earthy  aggregations  that  have  not 
been  removed  beyond  tlie  influence  of  its  power  by  the  force  of  fire  or  a 
very  minute  cement  This  quality  is  soon  determined  by  experience,  and 
has  a  very  large  effect  in  determining  the  eligibility  of  bidlding  materials, 
as  the  choice  may  happen  in  different  localities.  Bricks  must  be  calcu- 
lated in  the  same  way,  not  only  in  the  primary  cost,  but  in  a  strict  rela- 
tion of  the  future  value,  as  shown  in  tb.e  quality  of  duration*  This 
attficbment  to  any  article  will  very  much  adjust  the  equilibrium  against  a 
greater  original  expeuBe  of  purchase. 

The  use  of  timbers  is  regulated  by  the  ?amo  rules  of  consi- 
deration as  the  choice  of  stones  and  bricks.  The  haxd  woods 
are  used  for  purposes  that  are  exposed  to  external  actions  which  promote 
decay,  and  the  softer  qualities  are  adapted  for  use  in  situations  that  are 
covered  from  damage,  and  dieltered  firom  violence.  The  timber  roofing  of 
houses  being  covered  from  exposwe,  is  constructed  of  firs,  whidi,  being 
kept  dry,  are  nearly  equal  to  tbe  bard  woods.  Timbers  kept  in  one  state, 
wet  or  dry,  Avill  last  long;  it  is  tlie  cbangc  of  conditions,  from  wot  to  dry, 
and  from  dry  to  wet,  that  tries  the  coustitutiou  of  the  tiiuher,  and  which 
marks  the  quality  of  quick  aad  soft  decay.  Friction,  or  the  attriiing  cott- 
tact  of  other  bodies,  in  constant  or  frequent  applications,  imposes  on  tim- 
ber the  special  adaptation  of  purposes,  as  it  requires  a  quality  similar  to 
that  whidi  resbts  decay.  All  posts  sunk  into  the  ground  are  required  to 
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be  of  hard  timbera^  and  very  much  of  the  inside  fandtnre  of  barnsy  stablee, 
and  oow-fihedfl,  and  aUo  of cottagesand  dwelling boiuea.  In^  T>9ia9t  ud 
caaeB  of  ezpoeure,  or  a  more  frequent  use,  hardnesB  must  be 

applied,  and  fhe  best  quality  of  it  Rclectcd. 

Kea.^on  and  conventional  agreement  liave  established  the  relation  be- 
twixt landlord  and  tenant,  or  the  permanent  aiKl  temporary  occupier  of 
the  soil,  that  the  former  affords  the  raw  materials  with  which  to  uphold 
the  decays  of  nature,  and  tiie  farmer  |Nita  the  artidea  into  form,  and  places 
the  adaptations  into  use ;  and  also  that  general  decays,  or  a  nniTereal 
fiulure  of  any  permanent  articles,  are  wholly  replaced  by  the  landlord ; 
the  fanner  doing  such  a  part  of  the  work  as  the  agreement  has  nnderstood, 
or  a  posterior  iHi^ngement  may  dictate.  But  for  the  pnrpoee  of  restoring 
and  upholding  all  the  small  decays  and  tendencies  to  damage  that  may 
occur  during  the  lease,  the  farmer  getd,  without  price,  from  the  owiicr  of 
the  soil,  felled  timber,  lime,  sioneH,  and  bricks,  at  the  respective  places  of 
manufacture,  whicii  are  carried  to  the  re<j[uired  uses  and  timeouBly  applied. 
On  a  neglected  estate,  where  decays  and  dilapidations  have  been  toui  diia^i- 
allowed  to  progress,  and  to  escape  observation  and  attention,  ^'^^ 
this  expense  to  the  landlord  will  amount  to  a  snm;  but  nnder  all  correct  and 
systematic  mauagement,  the  ,item  will  be  trifling,  except  it  may  be  for 
once  in  ten  or  fifteen  years,  when  a  wholly  new  erection  of  baildings,  or 
Bonie  i^art  of  a  farmery  becomcB  necesBsry ;  then  a  dne  allowance  must  be 
made  by  scattering  the  special  sum  expended  on  that  point  over  the  lease 
of  the  farm,  and  distrihuting  it  on  the  general  outlay.  A  notice  of  it  must 
be  tak^  before  and  after  the  event,  wd  hy  coutractiug  the  outlay  of  some 
years,  prevent  the  expenditure  of  the  special  y^  from  exceeding  the 
average  of  the  gen^uL  arrangement  In  this  way  an  equitable  distribu- 
tion is  created  and  maintained. 

The  upholding  and  restoring  of  decays  of  perishable  materials.  General 
includes  the  preservation  and  restoring  of  watercourses  and  beds  "pa*"* 
of  rivers,  the  repairing  of  roada,  the  repairing  of  very  old  fences,  or  the 
making  a  new  one  in  its  place,  and  all  purposeti  of  repair  in  which  any 
wholly  new  undertaking  is  not  performed.  Such  expenses  will  inevitably 
occur  in  every  case  of  using  the  surface  of  the  earthy  and  the  more  vigi- 
lantly the  wants  are  noticed  and  supplied,  the  expense  will  be  less,  and 
the  general  benefit  will  be  greater.  The  very  beginning  of  a  want  must 
be  checked,  that  it  may  not  grow  into  a  gap  of  wide  dimensiaxis,  in  which 
more  means  may  be  spent  than  would  have  repaired  many  beginnings. 
These  things  require  an  active  and  vigilant  superintendence,  and  a  prompt 
and  spirited  execution. 

Circumstances  of  locality  and  special  position  will  very  mnch  influence 
the  amount  of  expenditure  that  may  l)e  required  for  the  purpose  of  up- 
holding in  cuireut-going  order  of  a  proper  and  sound  condition  all  the 
articles  of  decay  which  a  landed  estate  wiU  present  to  lhat  department 
The  size  of  the  forms,  in  being  small  or  large,  will  affect  the  cost  of  the 
repairs  of  houses;  the  intersection  of  the  estate  by  brooks  or  rivers  will 
require  a  greater  or  less  expense,  as  the  courses  are  few  or  many,  Prompi  <«. 

cutioo. 
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and  the  loads  ai6  Mnuetimes  so  arranged  as  to  make  a  eum  of  some 
magnitode  in  the  upholding.  Very  mnch  will  depend  on  the  activity 
of  management  thait  ia  displayed,  and  the  orderly  system  that  is  adopted 
in  the  vigllanoe  of  detection,  and  the  promptitude  of  supplying  the  inci* 
pi^t  defid^Dcies  that  may  ooctur.  The  economy  of  this  management  con- 
sists not  in  withholding  the  outlay  that  is  nec^Bsarily  required  in  order  to 
save  expense,  but  in  doing  promptly  what  must  be  done  in  due  time  and 
in  the  proper  place.  No  greater  fault  thau  neglect  can  occur  in  the 
management  of  business,  especially  when  the  growth  of  the  evil  piooeeds 
increarang  as  time  progresses. 

fer  oentage  ^  ordioAiy  cases  of  oiroomstanttsl  attachments,  and  where 
n  tolerable  exact  system  of  management  has  been  adopted  and 
prevailed  for  some  time,  the  snm  of  five  per  cent  on  the  rental  of  the  estate 
is  found  sufficient  to  ttpliold  the  retrograding  oonditiou  that  att^ds  the 
articles  of  use  in  reaUzmg  the  value  of  the  ground.  But  where  a  dilapi- 
dated condition  has  been  allowed,  and  where  local  circumstances  demand  a 
corresponding  attention,  a  variation  rises  to  ten  per  cent.,  denoting  an 
average  of  seven  or  eight  in  cases  of  the  medium  circumstances  of  attach- 
ment and  position.  If  a  sma  near  to  ten  per  cent  be  required  for  a  time. 
It  may  soon  be  reduced  by  a  vigilant  attention  and  enlightened  system  of 
management;  and  if  that  figure  be  exceeded  by  reason  of  some  previous 
negligence,  the  extent  may  soon  be  curtailed  withm  that  sum ;  and  the 
better  way  may  be  not  to  exceed  it  in  any  ease,  but  to  proceed  gradually,  and 
accomplish  yearly  what  can  be  done  with  that  amount  of  money,  always 
executing  in  the  first  place  the  mopt  necessary  requirements.  This  mode 
may  answer  better  than  to  make  a  very  large  expenditure  in  one  year,  and 
do  nothing  in  the  next,  except  when  imperative  circuniRtaiKv^H  require 
sudi  a  course  of  proceedings  as  has  happened,  and  no  doubt  will  again 
occur.  In  these  cases,  the  average  expenditure  muat  be  regulated  by  the 
In  a  ooww  oouTse  of  five  yesTs;  beyond  whidi  time  no  extra  amount  beyond 
ofyMn.  allowed  medium  should  be  carried  forward  to  embarrass  the 

next  period  of  that  amount  of  years.  Each  year  must  be  kept  as  nearly 
as  possible  to  the  sum  that  is  allowed  and  fixed  for  the  special  purpose; 
and  no  proceedings  of  any  kind  are  to  be  left  to  uncertainty  where  they 
can  be  fixed.  Extras  and  accidents  will  require  deviations  which  are  soon 
ascertained  by  the  lapse  of  experionco,  and  reduced  to  the  original  regu- 
lation, and  made  a  part  of  it.  As  wa^  before  observed,  the  replacing  of 
an  old  erection  of  any  kmd  by  a  new  structure,  falls  under  the  department 
of  upholding  the  decays,  for  a  eimilar  thing  stood  there  before,  whereas  a 
new  erection  understands  that  nothing  of  the  kind  had  ever  before  appealed. 
Now  under,  ^ho  cxecution  of  wholly  uow  tmdcrtskings  ou  a  landed  ostato 
t..kiug».  deserves  a  consideration  that  is  widely  different  from  the  repairs 
that  are  required  to  uphold  the  value  that  is  being  derived.  That  depart- 
ment of  outlay  admits  no  dispute,  it  only  needs  a  regulated  disposal. 
Origiaai  executions  will  be  various  :  in  making  new  roads,  new  planta- 
tions of  trees,  cutting  watercourses,  or  new  beds  for  rivers,  consolidating 
farms,  and  erection  of  dwelling«boufie&for  tradesmen  and  mechanics — ^diese 
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oljeete  require  a  very  caiefbl  and  attentiTO  oonsideiatloii  of  ik%  coucomi- 
tant  and  combmiitg  drcnmstaDcee  which  may  eeem  to  justify  the  execution. 

It  miiat  be  very  readily  granted  that  all  groTrnde  that  cannot  be  ploughed, 
or  any  way  improved,  and  which  do  not  yield  a  natural  pasturage  of  some 

little  value,  should  be  planted  with  trees,  as  a  crop  of  timber  may  be  got 
of  some  degree  of  quality,  and  the  land  is  improved  for  the  future  arable 
cultivation,  if  wished  to  be  rcBtored,  and  if  the  surface  formation  will  allow 
the  use  of  the  ground  for  ih&  use  of  aration.  If  water  cau  be  conveyed  to 
irrigate  the  BarfaeB,  the  value  may  be  well  used  in  that  way;  or  if  the 
ground  can  be  improved  by  a  top-dressing  with  composts,  the 
planting  with  tzees  may  not  be  eligible.  But  predpitooa  grounds,  vvnOM, 
rocky  declivities,  and  slopes  that  are  beyond  practical  ubc,  do  not  admit 
one  moment's  hesitation  in  being  converted  into  a  plantation  of  timber  or 
copse  wood,  according  as  the  nature  of  the  ground  and  the  demand  of  the 
locality  may  direct.  A  coppice  will  return  a  value  in  eight  or  ten  years, 
when  the  circomstances  are  mediately  favourable,  and  at  most  in  fourteen 
years,  when  the  best  use  of  the  growths  requires  a  lengthened  duration  to 
attain  the  necesssry  maturity.  The  quickest  return  in  value 
from  timber  trees  comes  in  about  thirty  years  from  the  fir  tribe 
of  plants :  the  hard  timbers  will  require  a  period  of  nearly  mzty  years  be- 
fore  any  part  of  the  expense  is  returned  which  has  been  incurred.  During 
that  time  the  outlay  lies  dormant  at  compound  int^Tcst,  and  in  sixty  years 
will  be  (quadrupled  in  amount,  and  doubled  in  thirty  years.  All  these 
oonsiderstions  must  be  duly  and  very  carefully  weighed  in  estimating  the 
propriety  of  an  undertaking  in  planting  trees,  and  discover  if  the  use  of 
money  could  not  be  more  beneficial  in  some  other  expenditure.  But  many 
situations  will  occur  where  no  other  mm  of  the  ground  can  be  devised,  or 
is  rationally  possible,  and  then  the  calculation  comes  to  be  the  extent  to 
which  the  execution  m?iy  proceed  at  one  time,  or  at  distant  inttrvals.  A 
large  perlormance  may  throw  a  burden  on  the  property  tliat  is  too  heavy 
for  ita  position,  and  the  improvement  may  be  too  extensive  to  form  a  pro- 
portionate part  of  the  aggregated  extent.  The  amount  must  be  Kew  ^hjBp 
duly  regulated  by  the  circumstances  of  the  proprietor,  and  the  '^^^ 
capital  that  can  be  spared  to  the  purpose  of  general  improvements.  A 
certain  quantity  of  money  should  be  allowed  for  this  special  purpose,  in 
all  cases  where  the  requirements  are  in  existence ;  and  but  few  sitoationa 
are  foimd  where  the  wants  do  not  happen.  New  plantations  are  not  by 
any  means  to  be  included  in  the  charge  of  five  to  ten  per  cent,  fortlie  pur- 
pose of  upholding  the  current-going  value  of  landed  property;  that  allow- 
ance only  suppoftd  a  value,  and  doeb  not  create  any  source  of  deriving  an 
income.  All  creations  Aat  are  wholly  new,  are  to  be  entered  in  an  ac- 
count that  is  altogether  disconnected  with  any  other  rendition,  ^  ^ 
the  outlay  is  sunk  for  many  years,  and  a  heavy  interest  charge 
comes  against  the  proceeds  that  may  be  realized.  It  is  true,  that  a  trifling 
expense  is  incurred  yearly  in  carrying  forward  the  increase  of  plantations, 
in  keeping  clear  the  courses  of  water,  and  maintaining  the  fencible  con- 
dition of  the  boundary  waUs.   This  balauce,  though  small,  assists  in  len- 
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dering  more  toletable  the  loag  period  of  tune  dnimg  wUch  no  valne  i» 
derived  from  plantstionB  of  trees. 

It  may  be  again  obBerred,  that  all  grounds  that  are  phyaieally  beyond  any 
other  purpose  of  application,  csmiot  be  too  soon  planted  with  trees,  in  tarn' 

ber  or  copses,  which  may  be  very  beneficially  mixed  in  the  position  of 
enclosures;  but  not  in  the  plants  he'ina;  placed  in  mixture.    Tliere  is  no 

donbt  that  loans  of  money  now  gi-antcd  hy  governmeut  to  diiiiu 
monei  ^'u^Hd  wet  ianda  will  soon  bo  extended  to  the  two  pnrposea  of  erecting 
J^^^rain-  ^^"^  bnildings  and  planting  waste  grovmds,  and  both  uses  are 
^&fiSSw^;  fully  as  necesBsry  aa  the  removal  of  saperabondant  water;  and 

no  more  jnst  and  benefidal  harden  can  be  imposed  on  landed 
property  than  the  performance  of  these  three  pniposes,  which  increase  the 
qnantity  of  the  necesBaries  of  life,  Balnbrify  the  air,  add  to  the  lasting  value 
of  the  property  as  an  article  of  commerce,  encourage  the  letting  of  it  for 
temporary  nse,  shelter  the  country,  adorn  the  ac&n&ry,  and  contribute  in  a 
variety  of  ways  to  the  comforts  of  the  people. 

E&tnpur-  I'be  raising  of  new  embankmenttij  and  the  cutting  of  water- 
courses  in  an  original  direction,  forms  another  item  of  general 
expenditure  to  be  charged  to  the  account  of  improvements.  The  return 
arises  from  the  estimated  advantage  that  will  accrue  from  the  performance 
in  a  larger  abundance  of  some  articles  in  a  certain  quarter  than  would  have 
been  produced  or  were  grown  if  tibie  new  work  had  not  been  done.  This 
calculation  must  go  beyond  a  barely  ideal  exi?tenee  if  at  all  possible  to  be 
attained  ;  the  accruemeuls  must  bo  clearly  ob\T(nis,  and  almost  firmly  tan- 
gible, in  order  to  justify  the  expenditure  on  points  that  require  to  show 
certamties  in  the  returns.  These  executions  require  a  yearly  charge  in 
upholding  the  useful  condition,  and  consequently,  the  inducements  of  per- 
formance must  be  stronger  on  that  account  than  where  one  action  suffices 
for  I  period  of  time.  These  occasional  or  probably  constant  repairs 
are  included  in  the  charge  of  upholding  the  current  revenue  of  the  pro- 
perly,  and  must  be  pnt  under  the  regulation  that  apportions  the  yearly 
jjj^^  amount  of  that  expenditure.  The  cutting  a  river  couree  may  be 
divided  by  two  parties  thrit  }>08seBS  the  opposite  Bidcp  of  the 
river,  and  will  be  mutually  benefited  by  the  alteration,  when  each  side  of 
the  banks  will  be  defended  by  the  proprietor,  and  the  cost  included  in  the 
charge  of  yearly  repdrs.  The  building  of  new  jetties  of  stone  works,  in 
order  to  throw  the  courBe  of  waters  into  a  mid-channel,  and  save  the  bw>Vfr 
from  being  wasted,  will  go  to  the  charge  of  upholding,  as  the  want  of  the 
article  may  incur  a  much  greater  outlay  in  erecting  the  same  protection 
after  an  extensive  evil  has  been  done.  These  Structures  for  the  purpose  of 
proveiiting  future  evils  that  may  be  of  a  great,  but  are  still  of  an  uncertain 
magnitude,  differ  from  the  requirements  that  are  needed  for  the  pui'pose  of 
warding  ott'  constant  occarrences,  as  floodt>  of  water  and  rise  of  tides ;  the 
latter  operation  being  once  done,  the  repetition  is  unueceosary ;  in  the  for^ 
mer  case,  the  uncertainty  of  coming  storms  renders  a  constant  employment 
in  the  protection  of  the  alluvial  banks.  Such  employments  are  to  be 
added  to  the  account  of  protections,  as  distinguished  from  total  alteratums^ 
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wbich  first  confer  a  benefit,  and  tlien  reqmie  a  yearly  charge  to  enable  the 

continuance. 

The  maldnp:  and  maintenance  of  roads  does  not  in  ev<>rv  case 
form  a  separate  cliargeon  landed  property.  The  turnpike  roadsare 
managed  by  commiaaioners,  who  need  no  local  assistance :  the  public  roads 
of  local  nee  are,  or  intended  to  be,  supported  by  a  fixed  charge  on  the  ren- 
tal of  each  farm,  which  is  to  this  day,  in  most  places,  badly  arranged,  and 
imperfectly  executed.   But  vhen  a  new  road  is  formed,  or  an  old  one  re- 
constmcted,  the  proprietor  of  the  land  is  alwE^  expected  to  bear  a  chief 
part  of  the  expense ;  when  the  item  most  be  charged  to  an  expenditure  for 
which  no  value  may  ever  be  got,  biit  an  improved  passage  of  use,  and  a 
benefit  conferred  on  the  public  at  large.    It  would  be  a  very  superior 
arrangement  that  all  the  roads  on  any  Of-tate  of  land  be  managed  by  the 
chief  direction  of  the  agent  on  the  property,  and  the  acting  power  ^ 
delegated  by  him  to  a  subordinate  in  office  under  his  surveil- 
lance.  In  that  case,  the  whole  expense  would  fell  on  the  landlord  and  the 
fermers ;  the  latter  bearing  the  one-half  of  the  expenditure,  and  the  otiier 
moiety  attaching  to  the  owner.  Thie  outlay  on  ihe  property  must  be  charged 
to  the  yearly  per  centage  of  use,  as  it  goes  to  uphold  the  current  value  of 
the  property  in  the  provision  of  road.s,  which  form  the  fir^t  e'^>nfiideration 
in  the  lasting  improvements  in  any  country  or  di\a3ion  of  terriiory.  Ano- 
ther arrangement  will  charge  the  laud-owner  with  making  all  the  ^  uneftdai 
roads,  and  that  the  fermers  u^diold  them ;  but  most  of  the  necee-  ""'■■^s^m^ 
sary  roads  are  now  made  in  Britain,  and  the  landlord  would  escape  the 
fair  contribution.   But  where  new  roads  are  required,  the  owner  must 
ho.ar  the  ori^nid  outlay,  and  also  the  future  share  of  the  nece^ry  repaira. 
Tlie  cbarge  made  on  the  rent  of  each  farm  for  the  purpose  of  roads,  will 
be  paid  to  the  agent  at  the  half-yearly  audits  of  rent.    The  mode  is  used 
in  some  few  instances  of  the  roads  being  managea  by  the  estate  agent,  and 
the  beneiita  are  very  evident  and  frankly  acknowledged.    The  faruiers 
being  only  temporary  occupiers  of  the  ground,  no  part  of  their  funds  must 
be  applied  to  the  structure  of  permanent  erections ;  the  land-owner  is  the 
liable  person,  and  also  for  a  feir  share  of  the  futore  requirements  to  up- 
hold the  value.   The  landlord  gives  a  share  in  upholding  buildings  on  a 
ferm  by  giving  raw  materials  m  lime,  stone,  and  timber ;  so  in  upholding 
roads,  after  bis  cost  haa  raiado  them,  a  share  must  come  from  his  property 
to  maintain  the  articles  in  use.    Ttiis  charge,  where  it  is  come  into  use, 
will  be  included  in  the  per  centage  of  repairB. 

The  building  of  bridges  is  generally  a  private  concern  of  the 
land-owner,  or  of  subscription  among  the  neighbouring  pro- 
prietors, when  the  possession  of  it  evidently  assists  thdr  advantage.  At 
all  events,  such  a  thing  is  wholly  beyond  the  province  of  the  former,  and 
it  is  also  removed  beyond  the  diarge  of  repairs :  it  is  an  original  edifice, 
and  needs  no  future  amendments  that  can  form  a  charge.  The  ovraer  of 
the  property  is  always  expected  to  mal^e  the  largest  contribution,  and  very 
justly  in  many  cases,  as  his  pi'oj>ert.y  will  be  most  largely  benefited  by 
the  erection.    But  instances  are  not  wanting  where  the  public  will  be 
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eq^ually,  if  not  more,  admtaged  than  the  property  itaelf  by  the  piojeeted 
means  of  traffic,  when  ibe  owner  of  the  eofl  may  be  allowed  an  aqvalily 
Singly  or     wilh  other  Balwcribers.   If  any  landed  property  does  not  «sist 

dwiUfiiMiu  ^  gj^^  ^  ^  bridge,  the  advantages  are  not  bo  Urge  to  the 
benefit  of  the  patrimony ;  the  bridge  ia  only  a  public  transit  throngb  the 
estate  ;  but  when  both  sides  belong  to  the  wune  property,  it  is  a  means  of 
commnnication,  and  b^jomea  doubly  valuable.  All  theee  considerations 
occur  in  estimating  every  kind  of  ouday  on  the  estate  of  land ;  the  private 
advantage  to  the  owner,  the  general  benefit  to  the  country,  the  charge  re- 
quired to  derive  undimmiahed  the  cnrrent-going  yearly  revenue,  the 
amount  that  can  be  allowed  to  general  improvemoits  which  promise  a 
distant  return,  and  what  earns  the  extent  and  value  of  the  property  are 
able  to  give  in  extras,  as  contrilmtions  and  snbecriptioDB,  for  objects  ol 
public  utility. 

It  is  an  important  point  to  fix  the  relation  of  the  several  points  of  ex- 
penditure on  an  estate  of  landed  property,  or  the  respective  amount  of  the 
items  which  constitute  the  gross  outiay  over  the  whole  extent.  Fur  this 
purpose  it  is  necessary  to  ascertain  the  most  valuable  points  of  outlay,  or 
pnmMM  of  which  return  the  quickest  value  for  the  money  that  is  ez- 
o^w-  pended,  and  the  steadiness  of  the  source  which  forms  the  tsfxing 
of  revenue.  Two  items  constitute  the  chief  outlay  on  landed  property — 
femns  and  the  plantations.  The  last  point  is  contained  in  two  departments, 
or  tlie  nuilving  of  plantAtions,  and  the  cost  of  protecting  those  that  have 
been  made,  dividing  the  outlay  into  two  accounfe?,  wlucli  must  not  be  con- 
founded together,  but  separately  arranged ;  the  two  amouuis  being  added 
together  will  show  the 'gross  outlay  in  the  department  of  plantations.  The 
growing  of  timber  makes  slow  returns,  and  at  distant  periods  of  time; 
the  thinnings,  if  any,  consist  of  worthless  under^owths,  which  fetch  little 
money,  and  do  not  repay  any  part  of  the  original  cost,  if  the  value  upholds 
the  current  item  of  expense.  But  on  most  estates,  a  quantity  of  timber 
will  be  found  that  is  full  gro^'m  and  readv  for  sale,  and  by  a 
certain  quantity  of  yearly  value  from  that  Bource,  the  current- 
going  expense  will  be.  covered,  and  a  surplus  be  derived  for  the  rent  of 
the  land.  When  oak  timber  is  produced,  a  double  chance  occurs  in  the 
wood  and  bark  as  articleB  of  value,  in  obtaining  a  revenue  irom  the  plan- 
tations,  which  contributes  very  much  to  the  value  of  the  grounds.  A 
yearly  &11  of  timber  is  to  be  recommended  in  all  cases  where  the  articlea 
are  found;  if  not  yearly,  then  in  the  time  of  two  or  tluce  years,  a  sum  of 
money,  lessor  more,  must  be  got  from  that  une  of  the  laud.  The  regula- 
tion is  imperative,  that  on  all  estates  which  contain  woods  of  the  proper 
age,  an  income  be  derived  from  the  sales  of  timber  which  shall  cover  the 
cost  of  upholding,  and  if  possible,  a  surplus  be  accumulated  that  wHL  de^ 
finy  the  expense  of  making  new  plantations,  in  some  part,  if  not  the  whole 
of  the  outlay.  From  the  revenue  of  the  plantations  a  per  cent- 
age  must  be  deducted  for  the  current>going  expenditure,  whidi 
will  not  be  large,  but  still  formifig  an  item.  The  very  varying  conditionB 
of  estatee  of  land  in  quantity  and  quality  of  timber,  and  the  uncertainty  of 
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ihe  value  of  the  article,  render  Impoerible  any  nomination  of  the  amofout  of 
the  per  centage ;  the  sale  being  laige  or  amall,  adda  to  flie  diffionl^,  and 
the  fignre  moat  be  left  to  the  dTcumstaBceB  of  each  particular  case  tha.t 

occnrs.  Where  no  timber  exists  that  c&n  he  sold,  then  the  coat  falls  upon 
the  rental  of  the  estate,  when  tlic  average  per  cent-age  for  the  purpose  of 
plantations  will  not  exceed  two  to  three  per  cent.,  or  ahont  one-  imtaa 
third  of  the  coat  in  upholding  the  current  value  of  the  farmed  o****"^* 
Unds ;  and  it  Trill  require  an  estate  of  aome  UMgnitnde,  and  woods  of  very 
considerable  extent,  to  nae  that  allowance,  except  in  caaes  of  noaking  aUera- 
tions  and  improTon^ts  bqrond  the  currency  of  procedure.  In  thia  calcu- 
lation there  are  not  included  the  timber  of  pleaaure  grounds,  or  of  parka 
and  policies ;  these  places  are  isolated  frum  common  touch,  and  are  not  de«* 
peuded  on  by  any  estimate  of  value.  All  hedge -row  timbers  over  the 
estate  are  contained  in  the  calculation,  and  the  aamc  purposes  of  use  are 
attached.  Copse  woods,  if  any,  are  tKMoaprdieiided  in  the  account,  and 
ranked  withtimbera  in  the  general  estimate. 

On  eetatee  of  old  improvement  that  are  proportionately  Yotuxg  piao. 
wooded  and  enclosed,  e  yearly  rental  ahould  be  derived  from  the 
produce  sold,  or  at  least  the  current  expenses  should  be  paid  by  the  arti- 
cle which  requires  the  protection  of  coet  Oases  will  occur  of  under-age 
plantations,  when  no  value  can  be  got,  but  must  be  waited  for  till  the  tim- 
ber is  matured  for  use.  A  yearly  item  will  then  be  expended  in  the  pro- 
tection of  the  plantations,  which  will  vary  with  the  many  circumatancea  of 
extent  of  grounds,  situation,  locality  of  the  fields,  and  the  exposure  of 
sitoAtlon. 

The  yearly  revenue  that  is  steadily  derived  from  the  lands 
that  are  let  m  fiinus  of  temporary  occupation,  requires  an  atten- 
tion much  wider  than  that  of  plantations,  and  a  larger  allowance  in  pro- 
portion to  the  value  of  the  source  of  income.    The  produce  of  land  being 

yearly  in  its  nature,  the  value  is  annually  derived ;  and  as  the  recurrence  is 
steady,  and  not  liable  to  any  omisaiona,  the  more  attention  ia  required  that 
no  wauls  be  allowed  which  may  impair  the  yearly  revenue  in  the  necessary 
attachments.  Plantations  are  in  general  an  improving  department,  at  least 
to  a  certain  age ;  the  appurtenances  of  a  &rm  are  decaying  from  Ihe  very 
day  of  erection,  and  demand  the  care  of  upholding  in  order  to  contmue  the 
income  that  is  got  firom  their  use.  This  very  essential  difference  renders 
necessary  a  much  larger  allowance  for  the  support  of  the  most  valuable 
department,  and  as  it  constitutes  the  chief  part  of  the  property,  it  must  be 
first  considered,  and  have  the  proper  estimation.  A  per  centage  , 
on  the  gross  rental  ot  the  estate  m  live  per  cent,  has  been  found  t« uphold tbe 
sufficient  in  cases  of  well-regulated  estates,  and  of  business  judi- 
ciously administered,  where  former  carelessness  creates  no  large  demands, 
and  fortuitous  circumstances  have  no  laige  poBsession.  A  variation  to  ten 
per  cent  has  been  allowed  to  meet  the  cases  of  extraordinary  demand  that 
arise  from  natural  causes,  and  from  the  bad  administration  of  former  offi- 
cials, or  from  some  undefinable  or  incontrollable  cause  which  may  have 
ceased  after  a  time,  and  then  the  work     regeneration  must  commence. 
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But  these  extremes  of  extra  charge  are  not  to  be  inclndcd  as  common  de- 
mancis,  and  should  be  noticed  Jis  examples  to  be  avoided  rather  than  models 
of  imitation.  Few  or  no  cases  should  reach  tlie  medium  figure  of  seven 
and  a  hull  per  cent.,  which  shows  au  outlay  beyond  the  justness  of  good 
regulations  and  a  eoond  apportiomnmit.  At  ihe  same  time,  few  or  no 
KoitoiMvz.  estates  w31  need  less  ihan  five  per  cent.,  unless  a  niggardly  par- 
^""^  simony  be  allowed  to  exercise  its  sway,  and  create  many  wants 
to  demand  on  some  future  day  an  expenditure  much  beyond  the  amount  of 
savings  which  it  is  able  to  show  at  the  present  time.  This  policy  but  too 
often  prevails,  and  is  attended  with  much  loss  and  inconvenience. 

By  taking  pcven  and  a  lialf  per  cent,  as  the  average  allowartf^t^  for 
upholding  an  ebUite,  and  the  cost  of  the  plantations  at  one-third  oi  tliat 
sum,  there  is  got  the  hguxc  ol  ten  per  cent,  as  the  amount  of  these  two 
expenditures  on  landed  property. 

^  ^  ,        Gardens,  policies,  and  pleasure  pounds,  form  a  part  of  the 

Coat  of  gar-  ..a  »  •»  .  . 

ueas,  iKjUdOT  appropriated  nse  of  an  estate  of  land,  and  require  a  proportionate 
grounaju*'*"  aUowance  for  the  maintenance.  These  establishments  form  an 

article  of  luxury  rather  tlum  use,  and  no  tangible  revenue  is  de- 
rived from  them ;  yet  a  burden  is  created  on  the  lauded  estate,  and  a  con- 
Bideratiou  is  due  to  the  departmi-iH  wlieu  the  parts  of  any  estate  of  land 
are  regulated  in  calculation.  Plantations  make  a  return  in  some  annual 
sums,  or  m  more  years'  amount,  or  a  large  value  is  obtained  from  a  general 
fidl  of  grown  timber,  which  must  be  distributed  over  the  years  in  which 
no  income  was  derived.  But  gardens  and  reserve  gromids  never  show  a 
return  of  any  value  ;die  whole  produce  disappears,  snd  the  cost  of  pro- 
duction must  come  from  another  source,  or  the  rental  of  the  property.  The 
extent  of  these  appropriations  will  depend  on  the  extent  of  the  property, 
the  family  of  the  owTier,  and  if  the  domestics  arc  constantly  resident;  but 
in  general  cases,  a  pcir  coiitagc  of  two  and  a  half  per  cent,  will  suffice  for  a 
genteel  and  moderate  ebtabliehuient,  where  prudence  and  economy  are  duly 
entertained.  Thus,  two  and  a  half  per  cent.,  added  to  ten  per  cent,  as 
shown  before,  mskes  twelve  and  a  half  per  cent  for  the  cnnent-going 
Whole  per  yearly  cost  of  supporting  the  yearly  value  of  a  landed  estate,  and 
cntBge-  allowing  two  and  a  half  per  cent  for  extras  m  contributions  and 
subscriptions  for  purposes  connected  with  the  property,  th  re  is  got  the 
sum  of  fifteen  per  cent.,  ns  the  gross  estimate  of  Tmunfatining  a  landed 
estate.   The  average  may  be  stated  at  ten  to  fifteen  per  cent. 
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CHAPTER  XL 

VALUATION  OF  LAOTED  PKOl^ERTY  ;  OF  THE  SOIL,  OF 
HOUSES,  OF  WOODS,  OF  MINERALS,  OF  MANORIAL 
RIGHTS,  OF  ROYALTIES,  AND  OF  FEB  FARM  RENTS* 

La.kd  having  become  an  article  of  commerce  is  raised  and  deprcsHcd  in 
value  by  the  same  laws  and  contingencies  as  other  commodities  tliat  are 
used  for  profit  and  advantage.  The  value  of  a  landed  estate,  as  Land  ^ 
the  wA^ect  of  sale  or  purohase,  is  primarily  determined  by  the  '"'^ 
free  rent  which  is  produced  from  the  use  of  it  This  rent  may  be  calculated 
from  certain  assumed  rates  of  farm  produce — but  the  simple  determination 
pToceedfl  from  tlie  mar]reta'ble  value  of  the  land,  or  the  amount  which  can. 
be  g<^t  for  it  by  the  farmers  of  occupation. 

Tl:^  probable  rent  is  diminished  by  all  the  burdens  which  affect  the  hmd, 
aa  iuiid-tax,  poor's  rates,  tythes,  and  any  other  burdens  which  fall  upon  the 
land,  and  not  upon  any  other  securities.  The  net  rem  tiius  obtained^ 
is  to  be  multiplied  by  such  a  number  of  years'  purchase  as  land  produces 
at  the  time  in  the  market.  This  expression  shows  the  amount  of  interest 
which  the.  Iiuyer  calculates  upon  receiving  from  his  purchase-  inuntt  «f 
money.  Thus,  if  the  number  is  twenty-five,  or  if  the  purchaser 
pays  twenty-five  for  every  £1  of  free  rent,  be?n<^  in  <  nnmon  language 
twenty-five  years'  purchase  he  will  receive  four  per  cent,  for 

25  :  1  :  :  1(X)  :  4. 

If  the  market  price  be  three  years'  purchase,  he  will  receive  tiluree  and 
one-tMrdper  cent,  for 

dO  :  1  : :  100  :  8^. 
The  common  rate  of  interest  should  determine  the  number  of  yean'  pur- 
chase ;  but  the  demand  for  land,  as  compared  with  other  securities  exerts 

the  same  influence,  as  in  all  other  cases  of  transaotLons  in  selling  property. 

When  the  sum  of  five  per  cent,  constituted  the  rate  of  interest  in  this 
country,  the  common  calculation  reckoned  land  to  sell  at  twenty-fivo  years* 
purchase,  or,  in  other  words,  that  it  should  yield  four  per  cent,  of  interest. 
But  this  proportion  is  not  now  upheld,  by  land — the  market  rate  of  interest 
scarcely  exceeds  tbree  per  cent.,  and  land  is  sold  at  prices  which  does  not 
even  reach  that  figure. 

When  it  is  wished  or  fixed  to  have  a  certain  rate  of  interest  p«p  oant^ga 
from  land,  the  number  of  years  that  will  yield  the  amount  being 
multiplied  into  the  net  rental,  the  produf^  will  exhibit  the  amount  of 
the  purchase -money,  which  must  be  increased  by  the  estimate  of  woods, 
mines,  or  oth*  r  adjuncts,  and  diminished  by  all  incumbrances  that  may 
exist.  The  preeenL  value  must  be  a.^eertained,  as  in  the  ease  of  annuities, 
and  the  amount  deducted.    An  annuity  of  £100  yearly  for  ten  years, 


*  See  also  examples  of  practice,  pp.  620-631. 


1014 


OK  LANDED  PliOPEETY. 


payable  lulf-yearly,  and  at  the  nte  of  ihree  and  a  lialf  per  cent  interest, 
Is  worth,  jB837  12«.  lOd.  to  be  deducted,  and  so  on  with  all  similar  cases. 
^  ^       A  heavy  oonaideratio&  is  doe  to  the  leases  of  land,  if  the  rents 

seem  equitable,  or  low,  that  no  advantage  may  be  expected, 
when  the  holdings  expire,  or  that  a  riae  of  rental  is  evident. 
Leases  which  are  long  in  expiry  are  generally  reckoned  adverse  to  the 
geUing  of  land,  as  the  diance  is  distant  of  deriving  any  advantage  that  may 
occur.  But  no  large  calculation  can  be  founded  on  these  probabilities, 
which  are  at  beet  unoertaindes,  unless  the  rental  be  very  palpably  under 
the  average  of  the  common  estimate.  In  that  case,  and  where  several 
casea  are  found,  an  inducement  may  be  formed  to  advance  the  offer  of 
purchaBC;  as  a  realization  m  evident  of  the  increased  amotint.  Farms  tliat 
are  underlet,  and  which  are  lield  bv  loase,  constitute  an  annnity  in  the 
amount  of  the  yearly  deficiency,  and  the  Bamc  thing  as  if  the  money  was 
paid  to  a  recix>ieut  quarter,  instead  of  noi  receiving  it  from  a  source  of 
proper  value.  If  a  farm  have  ten  years  of  lease  unexpired,  and  the  rent 
be  evidently  £100  too  low,  then  the  sum  of  £837  12«  lOd,  is  to  be 
deducted  firom  the  purchase-money  which  was  shown  before  to  be  the 
present  value  of  £100  for  ten  years  paid  half-yearly,  and  reckoning  in- 
terest at  three  and  a  half  per  cent.  These  deficien<liefl  on  the  wanta  of  the 
realized  value,  are  encumbrances  upon  the  property,  and  tell 
heavily  against  the  market  value  of  land.  But  such  cases  do  uot 
often  occur,  as  values  of  every  kind  have  now  been  well  ascertained,  and 
in  a  period  of  time  and  under  circumstances  which  exclude  the  rational  ex* 
pectation  of  any  great  diange. 

oonAttfon  of  1^  general  condition  of  an  estate  of  land  will  very  largely 
ttie  Mtete  influence  the  amount  of  the  value,  in  its  being  forward  in  con- 
dition, well  regulated,  and  under  the  due  administration.  If  the  appur- 
tenances of  the  farms  show  extensive  dilapidations,  and  will  immediately 
require  a  large  outlay  of  money  to  execute  the  necesBary  repairs ;  if  the  roads 
show  an  incommodiouB  condition,  and  need  any  considerable  restoration;  if 
the  planMio"*  exhibit  a  state  of  neglect,  are  open  and  exposed  to  depreda- 
tions ;  and  if  the  fences  are  broken  down,  damaged,  and  misthriven,  too 
£bw  in  number,  and  inefieotual  in  the  purpose,  a  very  large  drawback  will 
be  formed  by  llie  aggregation  of  such  items,  and  the  money  that  has  been 
saved  by  the  parsimony  of  neglect,  will  now  be  deducted  in  a  greater  sum 
from  the  expected  amount  of  sale.  Articles  that  are  exposed  to  view  for 
the  purpose  of  vendition,  must  be  exhibited  in  the  ven,-'  soundest  possible 
condition,  as  the  flaws  are  the  objecta  of  observation,  and  are  always 
magnified  rather  than  lessened,  or  even  fairly  estimated.  A  hurried 
preparation  does  not  esMbit  the  proper  and  necessary  train  of  enticing 
appearances,  that  are  necessary  to  secure  an  appmbation  of  willing  invest- 
ment :  the  newly  raised  exhibitions  are  seen  through,  and  raise  a  suspicion 
of  other  coverings  being  purposely  used.  Only  a  long  and  continuously 
,  persevered  administration  of  care  and  econoroy,  can  exhibit  a 
ioundimd  landed  property  to  the  eye  of  purchase  in  the  garb  that  will 
both  suit  the  fancy  and  please  the  judgment :  show  an  article 
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for  the  delight  of  the  mind,  as  well  as  profit  to  the  pocket.  In  making 
these  preparationB,  it  is  only  neceBoaiy  to  consult  the  onrrent  oondiUon,  in 
articles  of  lasting  utility,  and  of  durable  pleasure.   These  purposes  suit 

both  views,  of  present  possession  and  of  future  dismemberment. 

Many,  or  nearly  all  estates  of  land  that  are  of  any  considerable  extent, 
possess  houses  that  pay  rent,  either  in  single  teucin.juts,  or  in  congregated 
▼illages.  The  property  is  more  perishable  than  the  land  hobsm  vj- 
which  is  coltiyi^d,  and  repairs  are  regularly  required  to  snp-  *^««^ 
port  the  tenantable  condition.  The  per  centage  on  the  rent  of  honaes  to 
uphold  decays,  is  to  be  deducted  firom  the  yearly  amount:  but  it  is 
generally  included  in  the  general  per  centage  over  the  estate,  and  is  not 
separated  in  a  distinct  account,  except  tlie  Tillage  be  hurge,  and  yields  a 
revenue  that  deserves  a  classified  consideration.  In  that  ca^e,  a  distinct 
view  is  shown  of  the  difiercnt  values  got  from  land  and  houses  ■ -the 
expense  of  maintaining  the  serviceable  condition  of  cadi  species  of  ]-»ropcrty, 
and  the  net  revenue  from  each  source,  when  the  purchase  cost  can  be 
distinguished.  The  decaying  nature  of  houses  requires  a  larger  interest 
than  lands,  and  consequently  a  smaller  number  of  years*  punjiase.  The 
interest  being  caloolated  at  seven  and  a  half  per  cent  in  tiie  common 
estimate,  the  number  of  years  will  be  about  thirteen  and  a  half  on  the 
purchase  number.  The  general  number  is  below  that  figure,  and  falls  even 
so  low  as  one -third  oi'  the  calcnlation  in  diminution. 

In  many  situations,  houses  pay  a  very  encouraging  rent  of  a  property 
in  land.  In  manufacturing  districts,  in  convenient  fishing  stai  ions  on  the 
sea  coast,  and  in  places  where  mechanics  abound,  the  erection  of  cottage 
dwellings  becomes  a  good  outlay  of  money— the  rents  are  small, 
and  easily  raised,  and  are  generally  well  paid.  The  source  of  '^^^^^ 
employment  and  the  iTieans  must  be  first  discovered,  and  the  permanency 
of  the  undertakings.  When  these  provisions  oist  in  a  moderate  degree,  no 
more  beneficial  ornament  can  be  conferred  on  a  landed  property  thui  a 
number  of  conveniently  located  and  suitably  provided  cottage  dwellings, 
showing  health  and  contentment,  and  nursing  the  bonds  of  union,  and  the 
sinews  of  the  nation's  strength.  All  such  habitations  must  be  under  tlie 
management  of  the  landlord,  and  not  placed  under  the  dominion  of  any 
&rmer,  except  where  the  domiciles  answer  the  express  purpose  of  lodging 
the  labourers  of  the  farm.  In  that  the  property  ranks  as  a  aotUM  te> 
provision  of  the  &rm,  and  is  merged  into  iJie  value  that  de-  ""''^^ 
partment.  In  sequestered  localities  that  are  removed  from  the  conveniences 
of  the  parish  village,  and  where  farms  of  land  are  regularly  constituted,  it 
would  be  very  advantageous  and  beneficial  to  establish  a  village  by  the 
means  of  the  proprietor,  import  the  raw  materials,  export  the  produce, 
employ  labour,  and  circulate  money.  A  value  would  be  given  to  the 
property,  and  if  circumstances  are  moderately  favourable,  the  adverse  ones 
may  be  turned  into  sources  of  nutrition. 

The  foregoing  remarks  only  apply  to  houses  that  yield  a  rent,  or  are 
capable  of  yielding  a  revenue,  and  not  all  to  tike  houses  of  the  farm,  which 
instead  of  being  placed  to  the  value  of  the  land  in  the  proper  number,  ate  to 
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be  deducted  from  the  purchase-money,  wHen  they  are  seen  to  Be 
defieient  in  the  necessary  proyuion.  The  amount  that  may  be 
estimated  to  erect  the  required  haUtatioDB  must  be  deducted  from  the 
number  of  years*  purchase. 

Woods  are  determined  in  value  on  several  data :  foil-grown  timbers  are 
estimated  by  the  selling  price,  lessened  by  the  cost  of  felling,  and  the  ex- 
penses of  sale.  The  improved  condition  of  the  1  and  may  he.  reckoucd,  when 
attMahle  state  of  the  ^ rmTnd  is  intended  to  bo  done ;  hut  it  is  moBtly  replanted 
■with  young  trees.  \  >  aicukt ion  can  he  formed  of  the  number  of  treea  on  an 
acre  of  ground,  and  iocal  experience  will  be  able  to  form  a  value  of  the  single 
trees,  and  thence  of  the  acre,  and  of  the  total  number  of  acres  in  the 
plantation.  It  is  best  that  the  seller  has  the  trees  felled  by  his  own  work- 
msD.;  and  in  some  cases,  an  eligibility  may  occur,  that  the  trees  be  dragged 
outside  the  wood  by  the  same  employment;  but  if  this  last  per- 
formance  be  not  done  by  the  seller's  execution,  the  felling  of  the 
trees  is  very  properly  done  hy  that  part  of  the  transacf.ion.  Distinctive 
marks  separate  the  trees,  so  that  no  confusion  liappene.  Lots  of  hulk  to 
Buit  a  variety  of  purchase,  may  be  laid  outside  the  wood,  and  sold  in 
divisions,  or  by  the  measured  foot.  And  as  before  observed,  it  is  much 
best,  that  the  owner  has  the  trees  brought  to  that  position,  and  that  no 
purchaser  alters  the  plantation. 

When  woods  are  not  fall  grown,  but  vary  in  age  from  the  year  of  heing 
planted  to  the  time  of  maturation,  a  different  mode  of  valuation  must  be 
adopted.  The  cost  of  prodncmj^  woods  is  ugually  applied  as  a  mode  of 
vrfuing  young  trees,  and  when  the  aj^e  of  timbers  approaches  the  lull 
growth  of  use,  the  value  of  the  wood  when  lelled  may  be  learned  from 
Tooag  piu.  the  knowledge  of  the  value  of  timber,  and  the  corresponding 
^'^^^  deduction  must  be  made  in  the  number  of  years  that  will  elapse 
till  the  maturity  be  attained.  The  land  will  be  improved  for  <he 
purpose  of  pasturage;  and  this  consideration  may  form  an  item  of  some 
value  in  the  estimate.  The  amount  of  the  original  expense  of  forming  a 
plantation  ie^  increased  by  the  accumulated  interest  from  the  time  of  out- 
lay to  the  time  of  sale,  the  amount  of  the  annual  rentf,  with  interest  from 
the  period  of  planting  tr)  the  time  of  sale,  and  the  value  of  the  land  on 
which  the  wood  is  growiug,  becauac  the  cost  of  the  land  on  which  the 
wood  is  planted,  ia  part  of  the  cost  of  production. 

If  land  worth  10s.  an  acre  has  been  planted  with  trees  ibr  twenty  years, 
at  £5  an  acre  of  original  cost  the  value  of  the  timber  in  this 
way  will  be  as  under : — 

£.    a.  d 

The  sum  of  &5  principal  and  interest  at  3|  per  cent  for 

twenty  years  9190 

The  amount  of  10s.  per  annum  at  the  same  interest  and  time  14  2  10 
The  value  of  the  land  at  10^.  an  acre,  at  thirty  years'  purchase    15      0  0 

Value  of  the  wood  in  twentieth  year,  per  acre      .      .   ^9     1  10 


This  mode  of  valuing  woods  is  not  eligible,  unless  the  age  of  the  trees 
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be  very  young,  or  under  ten  years,  when  the  approximation  eau  he  better 
made  from  the  existing  circumstances  thaii  from  the  dibtaut  value  of  the 
matared  article.  The  calcnlatioii  only  bIiowb  what  die  cost  baa  been  to 
the  seller  of  the  land  to  bring  into  the  present  condition  the  article  which 
is  ofiered  for  sale;  bnt  it  affords  no  index  to  the  value  of  the  materials 
after  the  lapse  of  many  years,  during  which  time  the  porchaser  gets  no 
revenue,  and  has  to  wait  the  expected  return.  The  age  of  AgeoftWrtj 
thirty  years  will  bring  to  maturity  the  general  average  of  plan- 
tatioris  of  fir  trees,  and  aixty  years  may  be  allowed  for  the  use  of  the 
hard  woods,  as  oak,  asli,  and  elms.  Tti  unmixed  congregations  of  trees, 
the  calcttlatioii  will  be  based  uu  tiiesc  aimple  perioda  of  time ;  but  where 
the  woods  are  of  mixed  kinds,  an  opinion  must  be  formed  of  the  relative 
quantities  of  each  sort,  and  then  assume  an  aven^  unmber  of  years  in 
which  the  maturity  will  be  reached.  This  assumption  may  be  forty-five 
years,  which  may  be  divided  Into  three  periods:  1,  of  simple  growth; 
2,  of  accelerated  growth;  3,  of  matured  growth:  and  each  period  must 
be  att^iched  with  a  definite  portion  of  tbe  iiltiraate  value.  The  simple 
division  of  the  retTirn  into  three  parts  would  not  bo  a  fair  apportionment,  ' 
for  the  trees  during  the  first  period  of  time  will  not  attain  any-  Tlut 
thiog  like  one-third  of  the  matured  value,  and  conseq^uently  a  fttM*- 
reduced  item  must  be  attached.  The  middle  division  of  time  will  in- 
crease the  most  rapidly,  and  will  pusli  the  trees  to  the  full  height,  and 
oommence  the  hardening  of  the  timber  into  the  useful  consistence.  The 
third,  or  last  period,  will  bear  the  largest  value,  as  the  timber  gradually 
attains  the  matured  state,  A  notice  must  he  talcen  of  the  qnality  of  the 
soil  to  carry  out  the  growths  of  tlti;^  prirliest  periods,  and  of  the  exposure 
to  allow  the  statures ;  for  not  unirequently  the  first  growtlis  are  encou- 
raged by  favourable  circumstances  which  do  not  exist  when  an  advanced 
stage  of  existence  is  attained.  Observation  will  not  &il  to  intrude  the 
necessary  deductions  on  thu  point 

The  first  object  is  to  compute  the  number  of  trees  on  an  acre  of  ground, 
which  may  be  averaged  by  observing  the  distance  between  each  standard 
that  prevails  over  the  extent  of  the  plantation.   Then  the  probable  value 
must  be  ascertained  of  the  timbers  when  full  grown,  and  felled  Qtmal 
for  sale.    The  age  of  the  plantation  being  known,  and  the  time 
of  full  maturity  fixed,  &s  before  explained,  there  may  be  given  to  the  latter 
division  of  time,  seven -tenths  of  the  aggregated  value  of  the  timbers 
when  sold,  one^fifth  of  the  same  sum  to  the  middle  division  of  time,  and 
one-tenth  to  the  first  fifteen  years  of  the  growth  of  the  trees ;  and  if  the 
sale  happens  when  the  age  is  about  thir^-five  years,  or  nearly  to  seven 
or  eight,  then  one-tenth  is  to  be  taken  from  the  third  division  of  the  age, 
and  added  to  the  first  apportionment  This  becomes  necessary,  from  the 
greater  vidue  which  has  been  attained  by  the  young  growths  in  seven  or 
eight  years,  than  if  the  valuation  happened  at  the  time  of  three  or  four 
years;  and  the  last  stage  of  matiirity  ia  less  in  value  at  thirty -five  years 
than  if  the  calculation  was  made  between  forty  and  forty-five  years.  Be- 
sides these  data,  other  contingencies  will  oocur  to  influence  the  calcula- 
3b 
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Hons,  which  must  be  alive  to  every  observatbn,  and  opeu  to  every 
Buggeetion. 

Growing  woods  of  mj  age  that  is  below  the  condition  of  immediate  use 
wood«i)eiow  seldom  or  never  in  this  oomitiy  realises  the  full  value  in  case  of 
^  sale,  being  reckoned  a  dead  stook  whi<^  the  proprietor  cannot 
use,  or  remove,  or  cat  down  without  damaging  his  estate  in  the  very  essen- 
tial provisions  of  shdter  and  embellishment.  Such  acts  would  inflict 
a  damage  on  the  g'cneral  valne  of  landed  property  that  would  many  times 
exceed  the  amount  of  any  sum  that  may  be  shown  hy  calculation,  even 
the  most  correct  aud  the  most  substantially  founded,  and  liardly  would 
any  diminution  of  value  compensate  the  loss  or  want  of  one  of  the  chief 
ornaments  of  nature,  as  shown  in  clothing  the  eardi  with  vegetable  growths 
of  low  and  high  dimensions.  In  most  cases  of  young  vroods,  the  plan- 
ytiM^      tations  are  generally  reckoned  a  most  necessary  appendage  to 

any  extent  of  landed  property,  of  which  the  vi^ue  is  scarcely 
entertained;  but  if  wanting^,  the  value  would  be  largely  accounted  and 
urged  aa  an  ahatemcnt.  The  jiiBtuess  of  the  complaint  cannot  be  denied, 
and  urges  the  demand  ou  all  proprietor?  that  the  provision  he  not  in  any 
case  neglected.  The  price  of  growing  woods,  however  it  may  he 
estimated,  resolves  itself  into  a  simple  bargain,  of  what  the  seller  can 
get  for  it,  and  on  what  sum  the  purchaser  is  inclmed  to  give,  after  he  has 
consulted  his  convenience,  and  has  prudently  weighed  the  combination 
of  ohrcumstances  which  occurs  to  justify  the  purchase  of  the  property. 

The  cultivated  lands  and  woods  constitute  the  solid  basis  of  knded  pro- 
i.MBd»nd  P*^>  ^  sources  of  revenue  are  only  attachments,  that 
wood^  diieif  are  evanescent  in  the  nature,  less  durable  in  the  fixity,  and  more 

exposed  to  chaneoB  and  accidents  of  disruption.  The  chief  at- 
tention must  be  paid  to  tliese  two  Bources  of  revenue,  as  they  form  tlie 
only  permanent  foundation  of  any  sound  procedm-e.  The  iutrinaic  (qual- 
ity of  any  soil»  and  the  value  derived  from  it,  are  no  doubt,  the  primary 
points  of  regard,  as  by  them  is  fixed  the  sum  of  the  revenue ;  but  many 
cases  wiU  occur,  where  an  extended  view  must  be  taken  of  the  capabilitiea 
of  the  natural  provisions  as  inducing  the  xyrobability  of  profitable  under- 
takings  beyond  the  present  realiisations.  The  susceptibility  of  future 
SoBoeptibi-  i^Jiprovements  ie  a  quality  in  landed  property  that  is  often  more 
mfftabu^    valuable  than  the  pruHeut  condition  of  profit,  for  it  holds  out 

the  chances  that  may  occur  during  the  progress  of  undertakings 
which  frequently  much  exceed  the  original  calculations.  The  presence  of 
woods  and  of  dwellings  on  the  estate  are  essentia,  to  its  existence  as  a 
patrimonial  inheritsnoe,  or  a  source  of  rerenue;  without  them,  land  is 
only  a  dreary  waste  possessmg  neither  shelter  against  the  storm,  or  food 
against  the  natural  cravings.  The  strength  of  a  nation  is  founded  on  the 
number  of  its  people,  and  an  estate  rests  for  value  on  the  number  of  its 
appurtenances,  and  the  state  of  tlie  establishment  which  is  maint^iincd. 
The  existing  state  or  manner  in  which  lands  lie,  makes  all  the  diftcrencea 
imaginable  in  the  estimates  of  value  and  produce.  The  situation  has  very 
great  influence,  being  near  to  towns^  convenient  to  manufactures,  or  con- 
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rected  with  an  advauciug  condition  of  eleuients.  The  temperature  of 
situation  its  also  a  matter  of  notice,  as  it  affects  very  mucli  the  value  both 
of  lands  and  woods.  The  social  position  of  an  estate  of  land  g^^^j^j 
must  also  be  considered,  if  the  community  be  liberal-minded,  ''o* 
or  prejudiced^  frugal  in  habits,  or  lax  and  dissipated.  The  habits  * 
of  industry  and  of  social  affection  must  not  be  overlooked,  and  if  the 
capable  improTements  of  the  district  he  fiilly  performed,  or  are  only  being 
commenced,  or  lialf-^ray  progressed.  In  a  case  of  large  improvements 
being  done,  the  supply  of  labour,  and  the  deraarsd  lor  produce  ^vi)l  be 
taken  into  account,  and  the  coiiveiiiencies  that  are  eeeu  of  making  these 
provisions,  ad  is  posisihle  in  many  cases,  where  the  uecessity  may  dictate. 
The  probability  of  creating  a  revenue,  as  well  as  the  certainty  of  getting 
an  income  ready-made,  will  weigh  the  scale  of  judgment  in  the  ratio  of 
the  oonaiderationB  that  are  brought  to  bear  upon  the  subject^  and  a  greater 
number  of  these  items  occur  in  the  purchase  and  value  of  landed  Ptobauuity 
property  than  in  in  ^st  other  human  transactions.  The  seller  «^»«weauc. 
must  be  aware  of  tlie  cii-cumstances  that  will  bring  forward  these  consi- 
derations, and  have  tlie  ai'ticles  for  sale  in  the  best  possible  condition  that 
can  remove  objections  which  act  in  any  way  to  detract  from  the  value  of 
the  commodity.  Woods  and  buildings  are  the  foremost  of  the  appur- 
tenanoes  of  landed  property,  and  no  reasonable  ejEpenditure  must  be  with> 
held,  in  order  to  make  the  provision  of  these  two  articles,  that  is  conform- 
able with  the  property  and  the  attendin,^  'r  imstanccs.  Buildings  are 
required  to  uphold  the  current  sToing  value  of  the  land,  and  timbers  are 
needed  to  construct  and  uphold  the  buildings,  and  both  olyecta  being  ar- 
tificial productions,  can  be  raised  on  almost  any  landa  in  Britain.  Articles 
of  fancy  and  show  are  uoi  ret[uired  beyond  the  precincte  of  the  ff^  •itieiet 
pleasurable  demesne;  the  provision  over  the  estate  must  suit 
the  circumstances  of  use,  and  lead  to  advancement,  in  making  planta- 
tions, care  is  to  be  used  that  no  encroachment  is  made  on  arable  purposes, 
as  the  value  of  woods  is  posterior  to  the  growing  of  yearly  crops,  which 
supply  the  daily  wants  of  recurring  use.  A  due  proportion  must  be  ob- 
served of  the  present  with  the  future  purposes,  unless  the  groimd^*  show  a 
large  amount  of  usele33  surfaces  over  cultivable  lands,  wlieu  the  expe- 
diency admits  no  doubt  of  the  speedy  conversion  of  wastes  into  some 
shape  of  utility. 

Mineral  property  of  any  kind  is  always  reckoned  a  valuable  uinom  pio. 
appendage  to  an  estate  of  land.  If  none  of  the  valuable  metals 
are  found  to  enhance  the  value  of  the  surface  ground,  and  even  coals  being 
altogether  alieent,  there  may  still  exist  a  sufficient  quantity  of  day  and 

building  atones  with  which  may  he  supplied  the  current  wants  of  the  pro- 
perty in  the,  manufactured  article  of  bricks  and  stones  for  w*alHng.  The 
presence  of  these  articles,  though  none  are  sold  to  raise  a  yearly  revenue, 
is  a  very  large  convenience  to  any  estate  of  hind,  as  it  abrogates  the  neces- 
sity of  foreign  purchase,  and  tends  to  the  constitution  of  the  property  as 
being  self-contained.  A  self-supporting  property  conveys  a  title  to  eligi- 
bility, and  the  necessary  articles  being  present,  will  form  a  pre-eminence 
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over  those  that  must  be  wrought  for  foreign  use,  and  which  have  to  supply 

the  want  of  the  materials  that  are  oonstanUy  required.  The  value  of  these 
adventitious  articles  of  property  is  varioualy  afferti^i  l.y  the  ascertained 
continuation  of  tlie  mineral  substances,  or  the  ap])rehonded  exhaiistibility, 
View«>f  tl»  prospert  of  the  value  hein^  maintained,  and  if  the  sii]>port 
wtidm.  un«lertaking  rmta  upon  the  solid  grounds  of  suitable  ac- 

companying provisiona.  If  the  foreign  export  be  none,  the  value  of  coal, 
clay,  and  building  atonea  will  be  very  considerable;  and  with  the  total 
want  of  coal,  which  is  the  most  general  case,  the  attachment  of  building 
materials  will  have  a  due  attention.  The  quantity  and  quality  of  surface 
ground,  which  mny  be  destroyed  for  use  in  working  the  minerals,  mustnot 
escape  the  notice  of  valnation ;  tho  allowance  in  money  for  the  destruction 
will  detract  a  somoilnno-  from  tlio  \'alue  in  all  cases  wliere  the  of  the 
surface  infers  a  price  of  any  amount.  The  annual  rtm  iiue  that  ii^  derived 
^  from  a  mine,  is  held  to  pay  the  same  interest  on  t}ie  purciiase- 

iMdor*"^  money  as  the  soil  of  the  earth,  and  it  is  liable  to  the  same  de- 
duction  in  a  per  centime  for  the  yearly  upholding  of  the  current 
going  order.  In  some  cases,  this  charge  will  exceed  that  of  land 
that  is  let  '^v,  f  irms,  as  the  movements  of  action  are  quicker  and  more  fre- 
qiipnt,  and  the  frictions  and  collisions  are  much  more  numerous  of  the 
different  bodies  that  are  in  nsp.  This  consideratian,  the  probaWe  ex- 
haustion ol  the  article,  and  the  nncfrtaintv  of  deniand,  impose  upon  mineral 
property  a  cheaper  purchase  than  uf  land  in  the  full  proportion  of  one-half 
the  amount.  The  surface  of  the  ground  can  be  seen,  examined,  and  esti- 
mated, and  the  possible  and  probable  capabilities  are  estimated  in  prospect, 
the  use  of  it  can  never  fail  whOe  the  human  race  exists,  and  all  the  arttfi* 
cial  repositories  of  money  are  trifling  saf^uards  in  comparison  with  the 
improved  utility  of  the  natural  patrimony.  Minerals  are  an  adjunct  to  it, 
and  a  very  valuable  one  ;  but  tlie  n^p:  is  much  hidden,  and  the  continuation 
bat  dUlbr  uncertaiti.  Hence,  though  the  notprodnce  of  minc^does  add  to 
In  piuiwct.  aggregated  sum  of  the  pra'ehase-njoney  of  a  lauded  estate, 

flie  reckoning  must  be  separately  made,  and  the  entertainment  different, 
The  chief  connderatlon  rests  upon  the  continuation  of  the  rent  at  the  pre- 
sent reported  value ;  the  extension  is  a  matter  of  choice  in  any  improve- 
mente  that  may  be  contemplated  to  make  on  the  property.  The  probability 
of  this  object,  however,  will  conduce  to  flatter  the  prospects  of  purchase, 
if  not  over-estimated  by  the  selling  party,  and  put  forward  at  an  extrava- 
gant estimation.  A  thing  that  may  bo  done  is  of  nncertam  amount, 
as  the  doing  of  it  is  (>x  j;Osed  to  many  contingencies  that  are  beyond  all  cal- 
culation; on  these  pointa,  any  fixed  data  givfk  way  to  the  best  assumptions. 
Yeats  of  Calculating  land  to  fetch  ai  present  twouty-four  years'  pur- 
purchaso  In  nhase,  which  may  be  beyond  the  average,  except  in  very  prime 
qualities  of  soil  and  circumstances,  minerals  may  be  put  down 
at  twelve  years'  purchase,  and  the  net  revenue  being  multiplied  by  that 
figure,  will  give  the  amount  to  be  added  to  tlie  proposed  offer  for  the  pos- 
session of  the  eBtatf'. 

Manorial  Manorial  rights  or  claims  exist  over  lands  that  are  not  en- 

rfght".       closed,  but  have  been  loft  open  to  the  purposes  of  different 
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usages.  When  the  Jieniptions  happened  of  the  large  congregations  of 
landed  purposes  that  had  long'  existed  in  Britain,  large  tracts  of  ground 
were  appropriated  to  general  use,  with  reservation  of  certain  rights  to  80me 
superior  peraon  who  adjoined  the  property,  and  who  contemplated  hia  own 
possessioii  of  it  at  no  very  diatant  time,  by  granting  the  use  of  it  npon  re- 
tainable conditions.  Some  lands  were  used  in  common  postorage  that  was 
open  to  the  adjoining  grounds  of  cultivation,  and  the  lord  of  the  manor 
had  the  nunes  and  quarries  reserrod  for  his  nse.  Wooded  grounds  ^nelded 
the  pastnrage  to  the  adjoining  tenants,  and  the  growing  timbers  are  the 
property  of  tlie  lord ;  and  as  manors  of  land  came  originally  from  the 
crown,  the  lords  who  hold  them  gave  away  to  lesser  lords  the  similar  pos- 
sefiBions,  and  retained  the  claims  over  them,  which  liave  been  called  mano- 
rial righta.  Qoit-rents,  escheatments,  and  heriots  were  established,  which 
yet  exist  in  a  very  diminished  degree.  Quit-rents,  or  quiet-rente»  q^.,^^ 
is  a  certain  small  rent,  payable  by  the  tenants  of  manoia  in  token 
of  subjection,  and  by  which  the  tenant  goes  quiet  and  free.  It  was  an- 
ciently called  white-rent,  because  paid  in  silver  money,  and  differing  from 
rent-corns.  Escheatments  are  a  fall  of  the  land  to  the  lord  of  the  manor, 
by  reason  of  the  extinction  of  the  Wood  of  tlie  tenant  in  the  want  of  heirs, 
or  by  the  commission  of  treason  or  felony.  The  original  conditions  being 
broken,  the  gift  resulted  back  to  the  lord  who  gave  it  Heriot 
is  a  personal  chattel,  due  to  the  lord  on  the  death  of  the  tenant, 
and  is  no  charge  on  the  lands,  but  merdy  on  the  goods  and  chattels :  the 
lord  diooees  any  article  that  may  appear  good.  Fines  were  also  imposed 
by  the  higher  lords  upon  their  dependents  for  the  alienation  of  the  land 
that  was  given  them. 

Tlu'se  feudal  relica  are  yet  found  in  South  Britain,  where  ancient  usages 
drag  a  len.gthened  existence  beyond  the  rest  of  the  kingdom,  Heriots  will 
depend  on  the  probable  chances  of  human  life,  and  on  the  value  of  the  ar- 
ticles that  can  be  taken.  One  seizure  in  thirty  years  may  ap-  one  inthirgr 
proximate  the  chance  of  the  property,  which  may  place  tiie  pur- 
diase  in  that  of  ten  to  fifteen  years.  It  is  uncertain  what  articles  are  liable, 
and  the  value  cannot  be  named.  The  timber  trees  that  grow  on  pastured 
lands  are  counted  and  valued  by  the  age,  as  in  the  enclosed  plantations ; 
and  there  must  he  taken  into  aceoimt  the  probability  of  how  many  may 
succeed  in  growing  in  future  years,  as  the  young  shoots  are  constantly  ex- 
posed to  browsing  animals.  The  value  does  not  form  a  large  figure  in  the 
estimate  of  property  in  land. 

Boyalty  is  the  claim  of  the  crown  over  the  mines  that  were 
wrought  as  its  property,  and  was  continued  by  the  owners  who 
succeeded  as  possessors.  It  consists  of  a  fixed  part  of  the  value  of  each 
article  that  is  sold  by  weight  or  measure,  and  was  charged  for  the  liberty 
to  work  and  sell  the  materials.  It  was  a  prerogative  of  the  crown,  which 
descended  to  the  next  in  power,  or  the  owners  of  the  soil,  as  they  existed 
in  titled  or  inferior  gradations ;  the  distirvction  was  continued,  as  it  implied 
both  the  profit  and  pride  of  superiority.  When  mines  are  dug  and  carried 
into  a  current-going  condition  by  the  landlord' i>  expense,  and  the  approxi- 
mated value  has  been  ascertained,  a  fixed  yearly  rent  may  be  agreed  be- 
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twcen  the  parties ;  but  when  speculation  entera  upon  the  undertaking,  a 
royalty  on  the  Bales  conRtitutes  tlie  safest  ground  of  action,  and  must  have 
a  lease  of  anitable  duration  to  warrant  the  outlay.  After  the  expiring  of 
the  fi»t  lease,  wMoh  will  generally  fix  the  fiitiure  value,  a  yearly  teak  may 
aapersede  the  royalty,  or  it  may  be  oontiniied  by  mutual  option. 
A  free  rent  ^  royalty  IS  a  revenuB  that  18  free  of  all  deductionsyaa  theoosts 
of  every  kind  in  worlring  and  upholding  the  currency  of  action 
falls  upon  the  tenant,  and  the  landlord  ge*  '  tlie  stipulated  part  by  the 
trouble  of  receiving  it.  But  the  exhaustible  nature  of  the  property,  and 
the  uncertainty  of  dpraaiid,  fall  equally  upon  both  parties ;  and  the  pur- 
chase value  of  the  owner  s  share  u  reduced  to  the  niunber  of  twelve  years 
in  the  half  of  property  in  surfaou  ground.  Koyalty  is  the  net  rent,  calcu- 
lated posterior  to  the  cost  to  the  tenant  of  upholding  materials,  and  there- 
fore both  ways  arriye  at  the  same  valne  to  the  owner,  and  do  not  alter  the 
amount  of  the  purGha8e-m<»iey. 

Fee-farm  rents  are  due  from  tenures  without  homage,  and 


NoHsaftee  which  belonged  to  the  heirs  for  ever.  The  feo£fment  contained 
very  special  articles  of  agreement,  one  of  which  waa  the  power 
of  the  feoffer  and  his  heirs  to  enter  into  the  possession  of  the  landri  iipon 
the  rent  not  having  been  paid  for  two  years.  The  rent  was  one-third  or 
one-fonrth  of  the  ralae,  and  some  conditions  of  p^ormance  were  imposed, 
as  npholding  ohnrches  and  chaplains;  but  no  feali  v  or  service  was  dmie  to 
the  superior,  as  it  was  a  removal  of  burdens  from  himself,  and  for  which 
he  allowed  a  means  of  performance.  This  trifle  is  free  of  any  deduction, 
and  may  be  added  in  the  yearly  amount  of  the  unincnmbered  rent  of  the 
land.  The  likings  of  eaperiority  yet  continue  these  relics,  though  they 
are  now  both  few  and  unimportant. 

The  foregoing  modes  and  items  of  valuation  may  be  illustrated  by  an 
example  of  the  statements  that  have  now  been  given. 
General  to.     ^  cstate  of  Isod  is  Ict  into  iaims,  which  yield  a  groas  rental 
'^'^     £16,000  yearly.  The  net^rent  must  be  shown  on  which  to  cal- 
culate the  purchase-money  after  the  burdens  have  been  deducted : 

Gross  rental  £15,000 

Burdens^ — Allow  12^  per  cent,  for  upholding  the  current- 
going  order,  as  previously  shown       ....  1,875 

Net  rental  *     .  £13yl25 

Which  is  formed  wholly  from  the  surface  ground,  and  is  augmented  by 

the  following  it^oas ; — 

Royalty  of  mines,  which  is  free  of  burd^    ....  £860 

Manorial  rights  by  estimate   ISO 

f^ee-£umi  rents   •      .      .       •...*.  &} 

BuilBce-rents  18,125 


£13,676 
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The  net-Tent,  with  the  manorial  rights  and  fee-fitm  rente,  is   ^. 

tlio  sum  of£l3,325,  at  twenty  years' puTchaae       .      .  £26'6,5(X) 
Royalty  of  ^JdO  yearly,  at  ten  years*  purcliase     .      .      .  d,dOO 

Purchase-money   £270,000 

The  woods  are  included  in  the  surface -rents  of  the  ground,  and  estunated 
as  shown  before,  and  placed  under  the  reduction  that  has  been  explained. 

Land  is  cotriputcd  to  fctcTi  the  lowest  interest  of  any  stock  in 
this  country  with  rela  tion  to  the  purchase-money.   The  burdens, 
outlay,  and  trouble,  aiient  the  possession  of  it,  arc  very  considerable ;  and 
though  the  former  may  be  ascertained  with  a  very  fair  exactuese,  there 
are  other  expenses  attending  it  which  escape  the  common  estimates  of  de* 
dnction.   The  natore  and  extent  of  the  estate,  its  present  and 
past  condition,  the  state  of  the  tenantiy,  the  conditions  of  leases,  * 
and  other  circumstances,  will  exert  an  indirect  inBuence,  and  not  very 
email,  on  the  eligibility  of  an  investment  in  land.  Annual  hold- 
ings and  short  leases  incur  more  expense  than  where  long  leases 
prevuil :  irequent  cluuigea  produci:'  wants  and  desires  by  reason  of  the  ob- 
jects being  exposed  to  view.  In  additii;n  to  the  regular  expenditure  wldch 
can  be  estimated,  there  is  always  a  calcuiatiou  of  casual  matters  and  un- 
avoidable accidents,  which  fall  upon  landed  property  beyond  any  other 
hind  of  capital.  It  is  very  conmion  to  hear  complaints  of  the  great  expenses 
of  landed  property,  which  are  in  many  cases  very  true,  and  are  much 
owing  to  the  careless  attention  and  system  of  neglect  with  which  the  pos- 
session is  managed.    The  full  value  of  landed  property  can  only  be  derived 
by  maintaining  it  in  good  order,  and  for  this  purpose  the  requisite  jiQjt 
expenditure  must  not  be  witldiehl,  and  tlie  judicious  and  rela- 
tive  application  of  it  is  to  be  pre&erved  with  the  most  scrupulous  attention. 
If  a  small  revenue  is  derived  from  a  well-ordered  and  replenished  estate 
of  land,  much  less  will  be  obtained  from  a  neglected  property,  which  is 
daily  sliding  downwards,  and  will  soon  arrive  at  total  worthlessness.  An 
improvident  management  will  soon  destroy  any  proper^  without  a  trace 
of  the  fortune  that  has  been  lost,  while  a  foreseeing  and  ready  outlay  for 
all  necessary  objects  will  always  secure  a  well-paid  present  in-  ig  eatUv  je- 
come,  and  promote  ultimate  improvement  of  the  estate.  Incom- 
petency  is  never  more,  clearly  shown  tlian  in  the  go-called  economy  of 
withholding  the  means  to  repair  deficiencies  Mid  make  them  durable,  when 
larger  gaps  will  arise  from  the  neglect,  and  in  refusing  an  expmditure  which 
would  add  some  new  sources,  and  also  prevent  the  casualties  of  recurrence. 
In  this  way  much  of  the  expenses  on  land  is  heedlessly  incurred. 

The  inducemento  to  acquire  landed  property  ever  remain  to  Land  mtuii 
be  very  strong,  notwithstanding  the  low  interest  that  accrues, 
and  the  expenses  that  arc  attached.  Tt  possesses  a  more  durable  security 
than  other  kinds  of  capital  j  there  is  a  f^ir  'expectation  of  a  future  increase 
of  value,  and  there  are  many  pleasing  associations  connected  baSnii 
•with  the  solid  and  enduring  possession  of  a  landed  estate.  ««iuriey. 
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However  nradithe  {hint  of  gain  msy  fraqaent  the  crowtled  ports  of  oom- 
meree»  and  haunt  the  walka  of  trader  no  sooner  has  a  laige  fortune  been 
realized  th^  it  looks  towards  the  land  as  the  safest  security.  A  mral  re- 
tirement has  ever  formed  a  chief  ddight  of  the  human  race,  and  no  wealth 

18  aWe  to  find  an  cqnal,  or  to  substitnto  the  enjoyments.  Superiority  is 
ever  pleasing  to  the  mind,  and  there  is  more  room  in  the  vacant  country 
than  m  the  crowded  town,  where  to  show  th<'  exercise  of  power  and  the 
influence  of  wealth.  The  posBesaiou  of  lana  conveya  with  it  very  peculiar 
associations  of  inherited  liking  and  pleasing  recurrence,  and  there  are  at* 
A  gnrti^hif  tached  to  it  many  feelings  of  some  little  importance,  ^diidi 
•npn^nnt.  ^^pi^y  fi^^  divert  the  judgment  A  proprietor  of  land 
is  pleased  to  employ  a  hwjppy  labour,  and  to  pay  it ;  gratification  associatsa 
with  the  learning  of  the  clergy  and  teachers  of  the  neighbourhood,  and  the 
justice  and  the  magistrate  are  delighted  to  assist  in  dispensing  rationality 
as  law  on  disputed  pointB,  and  to  contribute  in  the  advancement  of  morality. 
The  residence  becomes  highly  pleasing,  and  the  employment  most  truly 
useful. 


CHAPTER  XU. 

LAND  STEWAED  AND  FARM  BAILIEF:  QUAUnOATIONS 

AND  DUmS. 

Thb  land  steward  is  a  comparatively  new  offidal  employment,  having 
superseded  the  old  manorial  courts  of  audit,  in  which  lawyers  were 
Tfffii^         necessarily  employed.    The  post  now  requires  a  well  educMed 

and  enlightened  civilian,  who  is  divested  of  the  trammels  and 
prejudices  of  a  dogmatic  craft,  and  whose  mind  lias  been  very  largely 
liberalized  by  a  varied  and  comprehensive  education.  In  the  present 
days  of  enlightened  and  veiy  rapidly  progressive  improvement  of  every 
kind,  degree,  and  quali^,  it  is  most  essentially  necessary,  that  the" 
person  to  whom  the  possessor  of  land  has  delegated  the  power  of  superin- 
tendence and  direction  over  his  property,  be  very  intimately  acquainted 
with  the  most  approved  modes  of  cultivating  the  possession,  drawn  from 
a  systematic  education  and  a  regularly  confirmed  experience.  For  this 
purpose,  the  education  must  be  commenced  from  boyhooH  :  rmd  especial 
His  edufia-    ^^^^  must  be  used,  that  the  prejudices  and  trammels  of  the 

antiquated  customs  of  a  craft  be  not  allowed  to  usurp  the  place 
of  liberal  ideas,  and  of  reasonable  and  enlightened  entertainments.  In 
addition  to  the  utmost  extent  of  the  usual  education  called  schooling," 
which  is  necessary  to  any  profession,  there  is  to  be  recommended  for 
practical  use  and  ornamental  possession,  a  pretty  extensive  classical  edu' 
cation,  by  which  is  meant  a  very  considerabie  knowledge  0^  and  ae- 
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quaintance  with,  the  ancieut  writers  of  frTf^pce  and  liome ;  from  the 
perusal  of  wliiclx  may  be  drawn  the  most  liberal  sentimeuta,  and  alao 
the  most  elegant  and  ingenioua,  and  which  never  &U  to  exert  a  most 
ftvouiable  influence  on  the  professional  transactions  of  any  kind  or  degree 
with  which^ey  come  into  contact  They  also  tend  very  powerfully  to 
create  and  promote  that  graceful  afiability  of  manner  which  is  necessary 
for  every  person  engaged  in  general  husiness  of  a  superior  kind,  where 
proper  courtesy  to  iuferiora,  and  the  deferential  respect  that  i?  due  to 
superiors,  are  most  imperatively  required  to  contstiiute  a  negotiating 
"medium,"  for  arrantjiiit^  and  carrying  on  the  businesa  of  the 
property.  The  use  oi  a  knowledge  of  these  languages  is  un- 
deniable in  producing  the  aptitude  of  correct  speaking  and  writing,  than 
which  there  is  not  a  more  useful  or  ornamental  part  of  a  polite  education. 
And  no  qualification  more  clearly  shows  the  fitness  of  any  person  for  a 
"business"  occupation  than  the  readiness  with  which  ideas  and  concep- 
tions are  entertained,  and  the  correctness  with  which  they  are  quickly 
clothed  with  a  becoming  verdure  of  language,  that  is  at  once  connnadof 
clear  and  intelligible,  expressive  and  dccorouB,  and  which  sends  '""P^b*- 
afl(^  in  tJ::^  oommerciai  world  as  a  current  coin  the  very  commonest 
transactions  of  business.  Nothing  more  e0ectually  contributes  to  flie 
agreeable  and  faithM  discharge  of  a  mixed  duty,  than  a  graceful  and 
pleasing  affitbility  of  manner,  and  the  prompt  and  correct  use  oi  the 
tongue  and  of  the  pen  at  all  times,  and  on  any  occasions  that  may  occur ; 
and  to  produce  these  requisites,  no  branch  of  learning  is  more  efficacious 
than  an  intimate  acquaintance  with  the  language  and  ideas  of  Greece  and 
Rome,  the  two  great  theatres  of  liuman  glory,  from  whom  every  succeeding 
enlitrhtened  nation  has  very  unwillingly  borrowed^  and  which  many  more 
iiave  not  yet  eq^ualled  or  approached.  The  common  conversation  of 
every  person  thttb  is  employed  in  the  higher  world  of  business,  his  inter- 
course with  society,  both  vulgar  and  refined,  his  epistolary  and  bnsineBB 
oorrespondenoe,  and  even  his  daily  conunonicationB  ^th  servants  and 
domestics,  will  be  elevated  and  dignified,  md  even  rendered  more  dear 
and  intelligible,  by  being  largely  interspersed  and  ornately  commingled 
with  the  "iactea  ubertas"  of  idvy,  and  the  "immoitalis  velocitaa"  of 
Sallust. 

Among  the  branches  of  education  which  are  necessary  to  be  cultivated 
by  the  person  to  perform  the  office  of  land  steward,  or  the  **  curator 
and  administrator**  of  landed  property,  an  special  notice  is  due  to 
chemistry,  botany^  geology,  and  natural  history,  as  being  Mimi 
all  of  them  more  or  less  intimately  connected  with  the  nature  "^h>m 
and  organization  of  the  particular  species  of  property  with  which  the 
management  is  charged.  The  studies  and  a  fair  knowledge  of  each  branch 
are  very  often  required  to  be  exercised  in  the  specific  application  where 
the  use  is  attended  witli  very  benulicial  effects.  But  if  occasions  never 
happen  to  call  forth  the  use  of  them,  tlie  general  knowledge  that  is  created 
never  laiis  to  have  a  very  beneficial  effect  on  the  other  branches  yery  TjUue- 
that  are  exercised.   Such  studies  enlarge  the  circle  of  know- 
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lodge,  ennoble  tte  eentlments,  refine  and  ezall  the  Idew,  and  insoonUy 
■lead  tliH  mind  to  form  elevated  conceptions  of  every  object  and  transaction 
that  18  presented  to  ita  comprehension  and  negotiation.  The  mind  is 
whetted  to  vivacity  of  conception  and  actioa  by  the  attrition  of  pTciting 
catues;  by  the  number  and  power  of  the  mental  Btimiiluit£  limt  have 
been  ponied  into  the  inteUectnal  ^'sensorinm,"  where  by  the  action  of 
ftiflion  and  amalgamation,  a  current  of  refined  matter  is  prodnoed  and 
otnined,  which  improves  every  olgect  that  is  touched,  and  bnnuahes  with 
a  Iji  ighter  polish  every  transaction  which  is  performed.  Itpromotee  eveiy 
aiiair,  and  brightens  every  business. 

A  most  powerful  iiMsentive  to  the  acqoisition  of  general  learning  is,  tliat 
Lnan^r        gi^M  to  the  poaaesaor  of  it  a  commwiding  position  in  society ; 

power  is  most  gratifying  to  tiie  mind  of  man,  and  the  mental  is 
80  much  more  pleasmable  than  the  material  form  of  it,  that  it  ia  exerdaed 
without  l^e  infliction  of  pain,  and  in  its  development  it  is  innocaons,  and 
meets  with  opportunities  of  conveying  benefits  to  others,  than  which 
latter  emplo\Tnent  no  exercise  c-an  be  more  agreeable  to  human  benevolence. 
A  corresponding  station  in  society  is  essentially  necessary  for  every  person 
who  is  engaged  in.  a  respectable  and  useful  employment ;  md.  it  can  neither 
be  attained  nor  upheld  withont  that  enlargement  and  refinement  of  the 
mind  which  flows  from  a  general  education,  and  which  alone  can  entitle 
PkiAaribMi  any  individual  to  the  proud  distinction.  The  position  in  society 
eduction ;  graced  by  the  man,  and  not  ^  man  by  the  podtion. 

A  general  education  points  unerringly  to  the  paths  of  eminence  ;  it  infuses 
virtue  into  every  sentiment,  and  imparts  a  grace  to  every  action. 

The  fundamental  part  of  a  professional  education,  must  be  that  of  the  art  or 
practice  which  is  intended  to  form  the  occupation  of  the  individual,  and  as  the 
business  of  a  land  steward  will  be  chiefly  confined  to  the  snp^ntendenca 
and  direction  of  agricultural  matters,  it  ia  moat  imperatively  neoeesaiy  that 
the  person  receives  a  practical  education  of  the  first  order,  and  thus  getac- 
quainted  with  every  detail  and  all  the  minutiae  of  the  art  This  education  must 
be  the  most  improved,  the  most  enlightened,  and  the  moat  approved,  which 
the  age  and  country  can  afford ;  and  care  is  necessary  that  this  practice  be 
not  instilled  at  any  age  too  young  for  the  discrimination  of  ideas,  and  when 
ihe  pliant  ductility  of  the  mind  is  too  apt  to  rec^ve  and  set  down  as  the 
most  incontrovertible  truths  the  practices  vdiidi  only  constitute  the 
trammels  and  antiquated  prejudices  of  the  craft.  The  mind  is  thus 
liberal  and  stamped  from  without,  instead  of  being  moved  from  wittun,  and 
eniigbteued:  becomcs  a  pa^^ivc  recipient  instead  of  an  active  exponent. 
Originality  is  wholly  aeatroyed.  To  prevent  this  very  common  result  of 
the  general  system  of  education,  the  study  of  practical  agriculture  ia  made 
to  form  the  last  part  of  a  general  educadoii;  and  the  branches  formerly 
mentioned  are  previously  acquired,  in  order  that  they  may,  by  the  power 
of  their  influence,  liberalize  the  sentiments,  and  tend  to  neutralize  the  usual 
efiec^s  of  an  early  infiuum  of  prejudices  and  dogmas,  which  very  often 
eompletely  defy  all  future  eradication,  and  produce  very  baneful  results. 
On  the  other  lumd,  equally  as  much  care  and  caution  must  be  used,  that 
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the  overhfialed  fimcies  of  scientific  lore  be  not  allowed  to  take  the  place  of 
"rational"  piactioe,  an  ]    vertarn  the  best  laid  Bchemea  of  edentmo 

prudence  and  discretion.  Theonepartof  learning  must  balance  ^^loderat©; 
and  improve  the  other ;  practice  must  sliow  the  resnlts  of  every  rational, 
and  well  conceived  theory — and  general  learning  will  enlighten  the  con- 
ceptious,  and  by  deduction  show  the  feasibility  of  every  scheme.  Thus 
the  two  seemingly  opposite  elements  of  learning  tend  most  materially  to 
benefit  each  other ;  the  meeting  of  the  materials  in  the  mind  piodnce  the 
the  scintillations  and  oonisoationB  that  are  so  very  necessary  for  the 
arrangement  and  transaction  of  affairs,  and  which  illuminate  every  path 
and  brighten  every  j^gress.  If  the  mind  be  not  stored  to  plenitnde 
with  valuable  learning,  it  will  qnickly  be  occupied  with  lomber,  trash, 
and  triflcB. 

A  general  education  never  can  be  mentioned,  without  a  veiy  "  apecial " 
recommendation,  being  always  given  to  the  study  of  mathematics  properly 
BO  called.  The  word  comprehends  a  wide  range,  and  the  Inranch  ^ 
mnst  be  extensively  studied;  for  no  education  can  be  reckoned 
in  any  way  complete  without  it ;  by  it  the  mind  is  early  accustomed  to 
strict  discipline :  it  learns  to  distinguish  between  canses  and  effects,  to 
demand  evidence  for  every  fact,  and  a  demonstration  for  every  truth ; 
and  it  dispels  that  very  ignoble  and  infections  art  of   "  believing" 
Nvithnut  evidence.     Mathematics  infuse  a  systematic  order  into  every 
arrangement,  and  arrive  by  a  strict  method  to  every  conclusion.    No  con- 
fusion is  allowed;  every  thing  is  clearly  placed,  and  produced  from  a 
regular  concatenation.   And  so  it  must  be  in  business,  the  arrangement 
must  be  methodical  and  clear,  and  the  performance  will  be  orderly,  and 
the  dispatch  of  it  will  be  regular.    A  correct  and  wholesome  discipline  of 
the  mind,  is  imparted  by  the  stodiee  of  mathematics :  it  re-  diwipuiieof 
strains  the  vagaries  of  fancy,  and  curbs  the  licentiousness  of  an 
unbridled  impetuosity  :  at  tbe   same  time,  very  pleasant  truths  are 
unfoidud,  and  a  tnistworthy  contidence  derived  in  the  ultimate  results  of 
any  undertaking.    These  observations  will  apply  to  the  practice  of  any 
liberal  profession. 

Two  stages  of  life  will  acquire  the  practical  knowledge  of  agriculture; 
the  first  will  be  previous  to  the  acquisition  of  the  polite  and  lib^al  learn- 
ing,  and  the  other  after  that  valuable  acquisition  has  been  made.  Not  less 
than  two  years  should  be  allowed  to  each  term  of  the  apprenticeship.  The 
first  period  will  teach  the  mechanical  drudgery  of  the  business ;  and  the 
second  will  look  at  agriculture  with  liberal  views,  and  enlightened  optics. 
Borne  years  must  then  elapse  in  the  acquisition  of  varied  scientific  know* 
ledge,  and  in  maturing  and  ruminating  the  praoticea  that  have  been 
witnessed.  No  person  must  commence  the  o£Bce  of  land  stewatd  under 
tiie  age  of  thirty  years^  or  more;  at  which  time  the  ideas  will  ^  ^tad- 
he  matured,  the  e^erience  extended,  and  the  habits  confirmed. 
An  early  age  only  employs  a  raw  inexperience  and  an  immaturity  of 
intellect  that  can  add  dignity  to  no  employment,  and  is  productive  of  much 
mischief. 
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During  tlie  first  term  of  tlie  apprentif^fphip,  the  juvenile  attention  will 
be  eknployed  in  the  operations  ol  daily  larming,  m  the  purtidp^on  of  til* 
nmniud  &Dd  bodily  kboiiTS,  of  which  an  intintate  knowledge  is  requisite. 
The  second  period  of  learning,  will  direct  and  superintend  the  empl<^- 
ments,  attend  markets,  iairs,  and  shows,  at  which  much  general  knowledge 
may  be  acquired.  A  veiy  material  part  consists  in  gathering  a  correct 
knowledge  of  the  bretding  and  use  of  the  improved  animale  of  the  farm, 
,    ,  which  now  forms  a  vcrv  prominent  part  of  the  rural  occupation. 

Tyroship  of  "   ^  e  t 

ttejitTwrtto  No  branch  of  practical  knowledg'e  can  be  foimd  more  nsetul,  or 
more  conducive  to  the  interest  of  landed  property,  and  to  the 
advancement  of  cultivation :  no  part  of  the  employment  is  more  rational 
or  more  truly  delightful. 

After  the  mind  has  been  opened  and  liberalized  by  the  study  of  the 
polite  arts  and  of  elegant  literature,  the  attention  must  be  most  earnestly 
directed  to  the  af^iuwtion  of  the  varied  branches  of  knowledge,  whidi 
will  not  only  reflect  a  lustre  on  the  profession,  but  will  conduce  most 
powerfully  to  the  beneficial  and  satisfactory  progress  of  the  professional 
undertakings.  The  practical  ideas  must  he  concentrated  and  fixed  ;  the 
habita  of  business  must  be  chosen  and  formed ;  and  tlie  whole  character 
must  be  graced  with  ahability  of  manner  and  frankness  of  behaviour, 
which  engage  the  attention  of  aU  who  may  approach,  and  alwa]r8  leave  a 
Varied  plcadng  prepc^ssasion  of  remembrance.  In  the  multiform 

varieties  of  a  general  business,  no  quality  of  the  mind  is  attended 
with  more  beneficial  impressions;  it  disarms  hostility,  and  often  wholly 
changes  the  frowns  of  opposition  and  the  appearances  of  conflict.  It  is  a 
quality  of  inestimable  value  ;  by  it  professional  ignorance  is  often  shrouded 
in  a  veil,  and  mistakes  are  slurred  over,  and  pagg  unnoticed.  When 
exerted  along  with  other  necessary  acquisitions  of  office,  it  adds  a  brilliancy  to 
every  conception ;  and  in  business  it  gives  a  relish  to  every  employment* 
and  a  passport  to  every  intrunon.  In  promoting  this  very  useful  quality, 
a  genial  education  will  be  found  to  exert  very  powerful  effects ;  and  also 
in  giving  to  the  mind  a  stretch  of  liberality  that  is  so  neceseary 
to  every  person  who  is  engaged  in  the  busy  world,  and  whose 
attention  is  more  particularly  directed  to  the  fruitful  progress  of  a  specific 
description  of  property.  Early  inculcated  prejudices  and  rooted  anti- 
pathies exert  a  most  Itaneful  influence  on  every  human  affair,  and  very 
often  completely  baffle  all  attempts  of  removal.  For  this  purpose,  a  com- 
prehensive and  varied  education  should  be  very  early  introduced,  which, 
by  presenting  to  the  mind  the  most  varied  assemblage  of  objects  and 
opinions,  will  accustom  it  to  the  very  usefiil  task  of  analyzing  and  choosing, 
and  will  prevent  the  pendcious  extremity  of  one  idea  or  practice  usurping 
tiie  undisputed  possennon  of  the  mind.  Most  men,  or  rather  ail  men, 
havethar  crotchets,  and  the  sooner  and  the  more  earnestly  they  set  about 
the  removal  of  them,  the  better.    The  mind  is  not  sufficiently 

Crotchetd  .  11..  n  j/»  •  J  J- 

jBuat.iHs  framed,  nor  the  habits  confirmed,  for  arranging  and  conducting 
•▼oMiKl  extensive  and  responsible  business,  till  nearly  the  age  of  forty 

years,  or  conndeFably  turned  of  thirty.    Till  that  age,  the  constant 
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employment  must  be  to  gather  information,  and  provide  a  Ageo£«Dri^ 
stock  of  knowledge  for  future  use,  by  acting  in  subordinate  raittUte- 
capacities. 

A  chief  ag«nt  that  has  been  thus  qualiiOed  resides  upon  tlie  estate  of  land, 
and  not  very  distant  firom  it ;  and  in  addition  to  the  duties  of  the  agency, 
may  be  charged  with  the  direction  of  a  practical  farm,  which  the  proprietor 

may  or  should  carry  forward,  in  order  to  show  to  the  tenantry  an  example 
oi  the  most  enlightened  practice.  On  tliig  farm,  all  new  theories,  and 
rational  experiments  are  j)r(jved  on  a  suitable  scale,  as  will  not  interfere 
with  general  reaults,  and  at  the  saiue  time  are  sufficient  to  teat  the 
feasibility  of  the  st^emes  that  may  be  proponnded.  Such  an  establishment 
is  very  necessary  in  order  to  derelope  the  resources  of  the  pro-  a  fena 
perty  which  is  entrusted  to  the  charge  and  possession  of  indi-  bmmmit* 
vidoal  capacity.  The  powerful  spur  of  self-interest  will  also  come  into 
action  ;  for  wherever  labour  is  judiciously  employed,  the  recompense  is 
certain  from  such  quarters. 

The  duties  of  a  chief  agent  on  the  days  of  audit  in  the  receipt  of  rents, 
will  be  found  in  the  last  chapter  of  this  worls,  along  with  the  forms  of 
notices,  receipts,  and  cash  books.   The  salary  of  audi  an  agent 
is  generally  at  JSSOO  or        yearly,  according  to  the  extent  of 
the  charge.  A  fixed  sum  is  b^ter  than  a  per  centage  on  the  intromissions: 
it  establishes  a  certainty  which  is  useful  in  all  cases.   It  also  prevents 
any  attempts  on  the  put  of  the  agent  to  increase  unduly  the  amount  of 
the  rental,  in  order  to  raise  his  own  emolument,  than  which  insidions 
mode  of  managing  any  l)nsines8,  nothing  can  he  more  dctriment^al  to  the 
property,  and  disgraceful  to  the  individual   All  such  temptations  must 
be  very  carefully  removed. 

All  monies  are  paid  by  the  chief  agent,  and  no  arrangements  are  made, 
nor  any  undertaking  carried  forward  without  his  privity  and  direction. 
The  fixation  and  direction  of  all  undertakings  must  be  centered  in  one 
person,  along  with  all  subordinate  departments ;  oonfiuion  will  otherwise 
ensue,  attended  with  clashings  and  collisions,  and  attempts  at  independence, 
which  invariably  produce  damage  to  every  concern  that  is  interested.  All 
accounts  must  be  reduced  into  one  collection,  where  the  accounts  are  easily 
examined  and  viewed  in  connection.  A  properly  adjuisted  establishment 
of  a  chi^  ag^t  and  his  subordinates,  rambles  the  sta£P  of  the  general 
of  an  army,  where  the  duties  are  most  clearly  chalksd  out  for  each  depart- 
ment, and  the  means  allowed  for  accomplishing  the  orders  that  j^^^^^^^, 
are  given.  In  the  conferences  with  subordinate  officers,  the 
agent  mnst  listen  attentively  to  every  suggestion  that  comes  from  the  de- 
partments of  office,  and  form  an  opinion  from  the  stritomcnts  that  are  given 
and  joined  with  his  own  reflection  on  the  separate  points.  He  must 
always  appear  to  be  superior  to  the  need  of  advice,  and  at  the  same  time 
be  open  and  willing  to  receive  the  hints  and  observations  that  may  occur 
in  the  course  of  discussion.  A  firioidly  urbanity  of  disposition  goes  very 
fiir  to  promote  that  degree  of  willing  dieerfblness,  which  so  very  power- 
fully advances  the  onward  progress  and  fruitful  termination  of  every  un- 
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Awtakmgto  wMck  vadtf  of  pnzpoae  and  oovdiality  of  aappovt  axe  eeaen- 
tially  reqiiiflite. 

An  agent  nraat  not  be  far  distant  jfrom  an  estate  of  land,  in  order  to 

Viiito  enable  a  frequent  and  pcreonal  inspection  of  eyery  proceeding, 
queat.  ^^^^^  getting  acquaiTit:  1  with  the  characters  of  individuals, 
and  of  directing  every  sabordinate  d' l  aTtment.  A  constant  and  very  nii- 
nnte  sarveillance  must  be  exercised  by  h.im  in  every  particular  affair ;  and 
apoa  no  aooonnt  and  in  no  affisdi  unut  lie  rest  aatisfied  with  re|Knrt8,  nor 
dlow  the  interested  motives  of  those  pmsons  who  approach  him  to  inflnenoe 
hie  opiniona  or  bias  Mb  judgment.  To  act  upon  hearsay,  even  on  the 
most  trivial  occasion,  shows  a  very  great  weakness  in  the  powers  of  per- 
ception, and  a  disposition  muxth  too  easy  in  the  nature  of  compliances  to 
enable  the  manly  part  to  be  called  forth,  than  which  no  qualification  is 
more  required  in  the  arduous  situation  of  being  placed  between  opposite 
and  very  often  conflicting  elements.  A  very  vigorous  enquiry  must  be 
made  into  the  bearings  of  every  affair,  the  truth  must  be  discovered,  and  the 
decirion  and  the  future  prooeedings  must  he  thereon  made  and  directed. 
Nothing  more  effectually  degrades  a  man  placed  in  a  responsible  sdtuation, 
than  opinions  crudely  lonned  with  hasty  decisions,  and  actions  impru' 
Bteadine^B  dcnUy  cixecQted,  which  are  soon  found  to  l)e  wrong  in  tempo- 
of  purpo»e.  jatnent,  and  hurtful  In  the  eonscquenees.  rcrhaps  in  few  or  no 
offices  of  emplojTnent  there  greater  occasion  for  affability  of  manner, 
courtesy  of  bearing,  caluiuens  of  judgment,  and  decisive  enerf';T  of  action 
when  the  resolution  haa  been  coolly  formed.  Hastiness  and  vacillation 
are  equally  the  prooifo  of  imbecility,  that  is  meet  truly  disqualifying  fbr 
such  an  o£Buie. 

It  must  he  laid  down,  and  most  tenaciously  and  inflexibly  upheld  as  a 
fundamental  maxim,  that  an  estate  agent  must  be  an  agriculturist  of  the 

most  improved  grade.  Land-owners  have  committed  most  prodigious 
mistakes  in  employing  lawyers,  commercialists,  or  Bome  similar  persons, 
often  of  a  nondescript  character,  whose  sole  object  is  ever  to  levy  a  sum 
of  rental  at  any  risk,  aud  at  the  same  time  are  utterly  regardless  of  the 
source  whence  the  profit  is  derived.  Professional  ignorance  prevents  any 
attention  being  paid  to  the  furtherance  of  the  art  which  supplies  the 
revenue,  and  other  engagements  distract  the  necessary  attention,  even  were 
it  available  and  useM*  The  estate  is  seen  only  when  the  rents  are  due, 
and  not  again  tOl  that  period  retnzns:  a  manor  bailiff  is  seldom  kept,  and 
no  inspecting  risitations  are  used.  Under  such  treatment,  all  perishable 
fjfiypuBHH^  articles  fall  into  a  state  of  ruin,  as  buildings,  fences,  roads,  and 
the  land  itself;  the  rent  is  dra^vn  so  long  as  it  can  be  got,  and 
when  the  collection,  is  no  longer  possible,  a  considerable  sum  of  money  is 
required  to  put  the  property  into  a  vendible  oonditi<m,  whidi  might  have 
been  wholly  prevented  by  judicious  regulations,  and  a  timely  interference, 
with  a  constant  and  vigilant  sorveiUance.  Very  di£ferent  must  be  the 
results  to  any  landed  property  from  the  labours  of  a  specially  educated 
and  duly  constituted  agent,  whoso  time  muBt  be  constantly  occupied  in  the 
business  of  his  remunerated  employment,  keeping  accounts  within  doors, 
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where  also  will  be  de\nfod  the  schemes  of  improvement,  and  the  means  (rf 
accomplishing  every  tindertakiiig.  The  personal  inspection,  very  fre- 
quently repeated,  will  include  the  farms,  plantations,  and  roads,  and  also 
the  interior  policies,  except  where  the  resident  family  take  that  depart- 
ment under  a  special  direction.  Faults  and  mistakes  must  be  put  right 
without  delay,  and  the  whole  exercise  is  a  most  agreeable  occu-  Exat<am 
pation  for  a  rational  being,  and  very  necessary  for  upholding 
the  value  of  the  property.  Even  when  a  manor  bailiff  is  kept,  the  visita- 
tions ot  the  chief  agent,  are  no  less  necessary;  reports  areapt  to  produce 
an  improper  bias,  and  misstatements  are  best  removed  by  the  evidence  of 
the  sens^.  In  such  inspections,  a  very  patient  and  polite  attention  Is  re- 
quired to  all  opinions  and  suggeatious  that  may  be  given  and  sLated,  in  pro 
and  con;  hints  are  got  from  snch  sources,  and  infonnation  needs  every 
source  of  obtaining  a  proper  knowledge*  No  peison  is  degraded  by  listen- 
ing to  remarks  from  any  quarter ;  B(miething  may  be  gained,  and  nothing 
is  losty  and  common  civility  is  exercised. 

The  due  authority  of  the  chief  agent  controb  the-  inferior  departments 
on  the  estate,  and  there  must  he  impressed  the  proper  sense  of  that  ar- 
rangement. Mucli  confusion  will  ensue  from  this  subordination 
not  being  properly  understood  and  acted  upon ;  co-operation 
will  be  disarranged,  and  malevolence  and  lurking  hostility  will  be  engen- 
dered. The  chief  agent  must  use  his  power  discreetly;'*  make  his  ar- 
rangements "judiciously  and  practicably;"  give  his  orders  "civilly,**  but 
«finnly  and  energetically;*'  convey  the  necessary  censnres  "authoritatively, 
but  blandly;**  commend  "freely,  but  duly  restrictive  and  in  every  case, 
to  judge  coolly  and  dispassionately,  and  act  decidedly  and  firmly.  An 
ample  supply  of  prudent  discretion  and  a  very  great  command  of  temper, 
are  most  essential  requisites  in  such  an  employment,  in  order  to  meet  tlie 
very  frequent  rebufis  and  mortifications,  arising  from  the  perpetual  colli- 
sion of  jarring  interests,  which  naturally  converge  to  the  agent's  position. 
This  point  very  often  forms  the  most  arduous  part  of  tiie  offidal  duty. 

In  such  sitnations,  nothing  is  more  necessary  and  becoming  tban  the 
propriety  of  appearance  and  behaviour  that  belongs  to  the  grade  of  society 
in  which  any  individual  may  be  placed.  The  land  agent  is  exposed  to 
the  frequent  contact  of  superiors  and  inferiors,  and  to  both  these  grades,- 
the  |)roper  deportment  must  be  correctly  exercised.  To  the  for- 
mer, a  respect  is  due  from  the  station  in  society,  which  expects 
opimons  and  prooft  to  be  rendered  with  professional  firmness,  and  suggcs- 
tions  offered  with  caution  and  prudence,  as  each  qMcial  case  m&j  require. 
In  such  cases,  an  over-eagerness  and  heatedness  are  much  to  be  avoided, 
which  serve  to  produce  irritation,  and  mar  the  face  of  proceedings.  To- 
wards inferiors,  courtesy  and  affability  are  absolutely  indispensable,  in 
order  to  secure  the  goodwill  and  affection  <rf  the  operatives  in  every  un- 
dertaking, and  who  form  the  muscles  and  sinews  of  every  active  operation, 
Harshncfls  must  in  all  cases  be  avoided,  even  tliough  the  amount  of  pro- 
vocation may  apppear  to  justify  the  exercise  :  conciliation  must  form  and 
cement  the  attachment;  harshness  will  sever  it 
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Thelaai^  but  not  the  kast  important,  part  of  the  duty  of  a  landatewurd, 
is  tlie  correspondence,  or  commnnicatioii  wiA  hie  employee,  who  is  the 
corrflHpoa-  o'^er  of  the  property.  Tho  pomHon  in  society  often  ranoves 

dence.  the  land -OAvner  wiolly  bevond  any  notice  of  tie  concern,  and 
even  his  constant  or  temporary  rdeidence  does  not  enable  him  to  enter  into 
any  cousid&rable  knowledge  of  the  business :  the  drudgery  forbids  it  The 
knowledge  and  judgment  of  the  agent  come  into  foil  play,  aa  upon  his 
opinions  and  course  of  prooeedings,  the  prosperity  of  the  proper^,  and 
necessary  welfiure  of  the  sobordinate  parts  do  in  a  great  measure  depend. 
The  most  enlightened  profeffiional  knowledge  mnst  he  jomed  with  a  cool 
and  reflective  judgment,  and  used  with  equal  encrg-y  on  trivial  matters 
as  on  large  undertaking??.  A  raried  education  has  been  largely  recom- 
mended in  order  to  raiee  the  idean  and  eb^vafp  the  conceptions  above  the 
mole-eyed  plodding  in  the  mud  of  vulgar  practices  and  of  obsolete  pre- 
jndicesi  and  of  the  clay>bom  sympathies  that  keep  within  the  gin-horse 
trade  of  daily  routine.  Judgment  must  systemiise  the  conceptions,  and 
steadiness  must  direct  the  attainment  of  every  business  and  ol^ects  that 
may  he  contemplated. 

The  owner  of  a  landed  property  being  necessitated  to  rely  on  the  esti- 
mate and  reprcBcntatioLs  of  tho  laud-steward,  and  to  give  hi.s  sanction 
almost  wholly  to  his  calculations,  there  occurs  the  most  pressing  7ieces^.ity 
that  these  estimates  of  opinion  be  composed  on  a  very  tirm 
basis,  and  after  a  most  mature  reflection.  Hasty  decisions  and 
crude  calculations  must  be  moat  carefolly  avoided,  for  the  consequent  mis- 
carriages do  much  mischief,  both  directly  and  indirectly;  they  are  exposed 
to  contempt,  and  tend  to  prcTont  any  future  attempts  of  a  similar  nature ; 
they  also  induce  the  proprietor  to  distrust  the  trustworthy  confidence  that 
TngemutU.  ever  should  be  reposed  in  an  agent,  and  to  think  his  own  inter- 
ference  becomes  the  more  necessary,  and  also  to  hear  and  con- 
sider other  opinions  on  the  subjects  that  come  under  consideration.  The 
agent  thiu  loses  his  proper  "  status**  on  account  of  these  former  misgivings, 
and  also  the  confidence  that  is  neoeBsaiy  to  the  undertaking  and  executing 
the  ben^dal  improvements  on  the  property.  Envy  and  malevolence  are 
ever  ready  to  exert  their  evil  offices  whenever  the  least  opening  occurs. 
To  prevent  these  gaps  of  ofFencc,  the  most  careful  attention  is  required. 

The  general  and  professional  education  of  the  agent  must  enable  him 
to  form  ideatj  and  concoct  plana  which  will  bear  a  severe  investigation,  and 
stand  the  test  of  the  most  rigid  scrutiny.  The  language  of  conveyance 
must  he  dear,  and  easily  understood,  pithy  and  short:  the  answers  will 
consequently  be  the  quicker  obtained  and  the  easier  followed.  The  agent's 
mind  mnst  be  whoUy  occupied  with  his  occupation,  devising  modes  of 
necessary  improvements,  arranging  the  exocntion,  and  obtaining  the  con- 
sent and  Banction  of  the  proprietor,  after  tliore  have  been  be.stowcd  upiju- 
them  the  necessary  eiplanatious  and  elucidations.  In  this  way,  the  uni- 
versal benefit  will  be  most  usefully  promoted. 

The  iarm  bailiff  is  a  most  usefol  person  in  the  management  and  culti- 
vation of  landed  property.   It  has  been  observed  that  there  may  be,  or 
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slioiild  be,  a  fium  ooodncted-pfacticany  <m  moat  estates  of  land  .^^^ 
by  the  proprietor,  and  of  which  the  ehaige  will  derolve  on  the 
Bgmt  He  delegates  the  reeident  power  to  a  practical  person  for  the  pur- 
pose of  executing  the  orders  he  may  receive,  and  condueta  every  practical 
buKinctis  from  these  orders,  and  his  ovm  special  judgment.  This  person 
must  liave  been  bred  from  boyhood  in  tlw  constant  exerciBe  of  agricul- 
tural operations :  at  least  to  have  acq^uired  a  most  thorough  knowledge  of 
the  nature  and  extent  of  eadi.  It  ia  moat  eaaoitially  neoeesaiy  that  he  ia 
aperfect  nu»ter  of  every  practical  process  in  coltiYadon;  for  when  a  per* 
son  is  thus  acquainted  with  any  performance  from  personal  expe-  ^  qa>m. 
rience,  he  ia  much  better  qualified  to  describe  it»  and  to  give 
diroctionB  on  the  sttbiect^  than  if  the  recommendations  were  the  mere  tb' 
suits  of  observation,  however  acnte  and  penetrating.  In  addition  to  these 
primary  qualifications,  the  farm  bailiif  must  possess  as  much  education 
as  enables  him  to  lieep  a  correct  RccoinQt  of  tbe  dfiilv  labonr  ou  the  farm, 
and  of  the  ooms  in  the  granary  m  it  id  tiixaaiied  and  aoid.  The  form  of 
the  wages  book  is  si^joiued. 
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The  account  is  rendered  inontlily  :  the  amount  of  tlie  money  w  given  to 
him,  wMch  he  pays  to  the  respective  parties.  Tke  other  accounts  are 
given  in  as  the  transactions  take  {dace,  and  entered  in  the  general  farm 
aoconnt  in  which  the  weeUy  wages  are  ^tered  in  one  sum,  "as  per  bill" 
of  wages. 

In  order  to  ensure  sobriety  and  steadiness  as  much  as  possible,  it  is  better 

that  a  farm  bailiff  be  a  married  person  ;  for  of  all  requisites  in  i>ntie« 
such  an  office,  steadiness  may  be  termed  the  very  first,  botli  in 
kind  and  degree ;  and  iu  order  to  give  encouragement  to  attention  and 
activity,  the  wages  given  must  be  liberal,  and  constitute  a  sufficient  re- 
ward for  the  tear  and  wear  of  the  body  and  mind  that  are  exerted  in  such 
an  office.  The  dwelling  house  must  be  suitaUe,  with  a  garden  attached, 
and  the  keep  of  a  cow  is  part  of  the  salary,  with  a  stye  for  pigs.  The  sa- 
laiy  is  usually  £60  to  £80  in  money,  the  use  of  a  saddle  horse,  and  the 
usual  appendages. 

The  duty  of  the  farm  bailiff  is  to  arrange  and  direct  tbe  whole  pro- 
cesses of  the  farm,  after  consultation  and  concurrence  of  the  cliief  agent 
who  may  have  the  chief  direction.  It  is  necessary  that  be  is  in  the  stables 
in  the  summer  mornings  soon  after  five  o'clock,  from  Ist  of  March  to  1st 
of  October,  when  the  harvest  wfll  be  concluded.  The  neoessaiy  orders 
are  given  to  the  ploughmen,  and  the  feed  of  oats  is  given  to  the  horses 
from  a  locked  chest,  of  which  he  keeps  the  key ;  and  the  same  quantity 
is  put  into  nose  bags,  and  hung  in  the  stables  to  be  ^ven  to  the  horses 
during  the  interval  of  two  hours  for  dinner.  The  bailiff  sees  all  the  teams 
of  horsea  leave  the  stables  at  a  quarter  before  six  o'cloclv,  which 
allows  the  work  in  the  field  to  be  commenced  at  six  precisely. 
The  time  stops  at  eleven,  begins  again  at  one,  p.  m.  stops  at  six,  and  so  on ; 
after  that  hour  the  bailiff  is  again  in  the  stables,  and  feeds  the  horses 
with  oats  from  the  locked  chest  as  in  the  morning.  This  finishes  the 
necessary  attention  to  the  horsed  labour. 

After  every  order  is  given  in  ^e  momii^  and  seen  to  be  acted  upon, 
the  hailiff  proceeds  at  seven  o'clock  to  take  the  charge  of  the  weeders  of 
the  crops,  or  bocrs  of  turnips,  in  lads  and  women,  and  by  a  very  constant 
attendance,  he  procures  the  duty  of  this  branch  of  operator.^  as 
firmly,  as  steadily,  aa  conciliatory  lenity  will  allow.  From  this 
employment,  however,  he  must  steal  a  march,  once  or  twice  in  the  day,  to 
inspect  the  other  works  that  may  be  proceeding,  as  ploughing,  digging  of 
ditches,  road  making,  or  any  other  business  on  the  fiftrm.  His  absence 
must  be  shorty  as  *'trifiing'*  day-labourers  require  much  care.  A  steady 
sense  of  duty  will  not  allow  any  harshness  beyond  the  proper  obtaining  of 
value  for  value.  When  due  explanations  are  given,  and  no  suitable  return 
is  made,  the  totil  separation  is  much  better  than  the  adoption  of  any  coer- 
cion or  vindictive  proceedings.  The  bailiff  sees  the  teams  leave  the 
stables  at  a  quarter  before  one,  p.m.,  when  he  ta,ke8  bis  post  with  the  daily 
labourers  till  the  hour  of  six  o'clock,  lu  the  evenings,  after  that  hour, 
the  bailiff  may  arrange  with  the  servants  the  work  of  the  morrow, 
always  allowing  the  probable  disarrangement  by  the  weather,  and  other 
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aocidenta.  On  large  famiB,  in  order  that  the  bailiff  may  have  greater 
liberty  of  moving  aboDt^  and  inspecting  the  works  of  the  farm,  a  steady 
Annnder  Uboiirer  18  Selected  to  attend  the  gang of  women  a&d  Uds ;  sud 
^"^^  dmring  winter,  this  person  feeds  the  thrashing  machine,  and  per- 
forms all  the  bam  work.  He  leads  the  sowing  of  the  grain  crops,  bows 
the  turnips,  and  in  harvest,  he  becomes  the  chief  builder  of  the  ricks  of 
grain.  This  person  is  a  most  useM  addition  on  farms  of  30C)  acres,  and 
upwards.  He  frees  the  cfiief  bailiff  of  the  Tiiost  troublesome  pirt  of  the 
farming  drudgery,  and  usually  gets  one-fourth  more  wages  than  the 
ploughman. 

The  hi^  and  com  harvests  will  reqnire  the  constant  attendance  of  the 
manager  of  every  &na,  and  the  turnip  season  is  equally  imperative  in  its 
demands  for  his  presence.  He  must  not  he  confined  to  any  spot,  or  parti- 
cular department  of  notice,  but  must  more  constantly  abont,  and  see  that 
all  operations  are  prog^rc-gsing,  and  are  duly  executed.  During  these  times, 
all  foreign  business  is  laid  aside,  and  tVie  home  matters  are  tliesole  concern, 

A  very  chief  care  of  the  farm  bailiff  consists  in  his  keeping  every  tool 
of  the  &rm  in  the  best  acting  order,  the  dead  stock  always  in  complete 
To(^  in  readiness,  and  the  livbg  implements  in  high  spirits,  and  fnll  of 
''^*  life  and  activity.  The  former  is  done  by  a  vigilant  attention, 
and  the  latter  by  kind  treatment  and  conciliation.  A  harsh  bailiff 
will  lose  his  employer  many  acts  of  returning  Mndnese :  encouragement 
leads  mankind;  bat  harshness  and  brutality  produce  obduracy  and 
retaliation. 
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FABM  ACCOUNT  BOOK. 
Db.     Rich  Farcf. 


(1) 


Date. 


Folio. 


Nov. 


To  Crop,  1852  .  . 


Wheat. 


Barley. 


BickH.  RickB. 


10 


Oats. 


16 


Beans. 


Feaa. 


Kdks.  Bicka. 


Tliis  accoimt  sliows  the  ricks  Uiat  are  thraabec 


1862. 

Dr. 

Bam, 

(2) 

Date 

Folio. 

Wheat. 

Barley. 

OatP. 

Beans. 

Peas. 

Qrs.  Bus. 

Qrs.  Bua. 

Qrs.  Bus. 



Qrs*  But>. 

Qi'8.  Bus. 

Nov.  16 

1 

ToKickYafd  .  . 

15  6 

1862. 

Db. 

Granary 

ThiB  aooount  shows  the  progress  c 

(3) 

Date. 


Nov.  20 


Folio. 


2 


To  Bam    .  . 


Wheat. 


Qn.  Bus. 


Barley. 


QnkBuB. 


Qrs.  Bus. 


15  6 


Oats. 


Beans. 


Qrs.  Bus. 


Qn.BuB. 


Peas. 


This  account  will,  at  any  time,  sho 


FARM  AOOOUKT  BOOE«  1039 
1852.  Gonira,     Ob.  (1) 


Date. 

Folio. 

Wheal. 

Barley. 

OatB. 

Peas. 

BiekB. 

Ricks. 

Riclfs. 

Ricks. 

Not.  16 

2 

By  Barn  .... 

1 

and  thofle  that  rciDaiii  of  Bs/ch,  grain  crop. 

1852.  rnn^rrr.       Cr.  (2) 


Date. 

FoUo. 

WheaL 

Barley. 

Oata. 

Beans. 

Peas. 

Qrs.  Bob. 

Qn.  Bub. 

« 

Qrs.  Bob. 

Qrs.  Bob. 

Qn.  Bob, 

Nov.  20 

3 

By  Granary  .   .  . 

• 

15  6 

thmhing  and  etoring  the  crop  of  grain. 
1662.  CwOra,    Ob.  (3) 


Date. 

Folio. 

£  »,  d. 

Wheat. 

Bailej. 

OatB. 

Beam. 

Peas. 

Qrs.  Bus. 

Qrs.  Bus. 

Qrg.  Bus. 

Qra.  Bus. 

Qra.  Bus. 

Nov.  30 

By  Sale    .  . 

30  0  0 

10  0 

tke  9_uaDtity  of  giiuii  uu  hund. 
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1852.  Db.    €a»L  (4) 


Date. 

Folio. 

«. 

Nov.  30 

8^14 

ToOtthfbr  10qra.of'Wlieat,At60s.  .  .  . 

80 

0 

0 

>f  it 

S 

16 

0 

0 

The  baknoe  of  tiiis  general  caah  accooat  will 


1852.  "Dn.       T'rpniFfs.  for  T.n'^in-rr. 


D«to. 

FoUo. 

(2. 

* 

• 

1 

This  acouunt  aho^  fhe  expenses  of  labour  only^  and  Baves 


1352.  Dr.     P<%  Ex^m&t,  (6) 


Date. 

Folio. 

£ 

Tiiiti  account  alK)we  the  amaller  incidental  expenses,  and  the  amount 
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1852. 

CoiUra.  Ob. 

(4) 

Date. 

Folb. 

£ 

9. 

d. 

Dec.  1. 

5 

By  Cash  paid  Monthly  Wages  Bill  .... 

2S 

li 

S 

n  it 

8 

25 

0 

0 

sKow  the  final  balance  of  all  traDsactions. 

1852. 

(7on<ra.  Ob. 

(S) 

Date. 

Folio. 

& 

Dec  1. 

23 

14 

3 

time  in  ezaminmg  the  general  cash  account  for  that  pmpoae. 

1852. 

Contra,  Ob. 

Date. 

Folio. 

£ 

t. 

d. 

Dec.  e. 

4 

0 

7 

6 

Is  carried  to  the  general  cosh  account  qoarterly  or  half  yearly. 
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1862. 

Db.      Mctmare  Aoeoumt. 

(7) 

Date. 

Folio. 

£ 

i. 

Tiiiii  accouiit  shows  tlie  mouey 


1862.  DiL      Sorm.  {^) 


Date. 

Xtolio. 

d. 

Horses. 

«  •  « 

To  8tock  on  Earn 

300 

0 

0 

8 

2 

3 

•  •  • 

To  Purchase   .  . 

26 

0 

0 

1 

0 

0 

This  account  sho^  the  dealing! 


1852.  Dr.       CaUle,  (9) 


Date. 

Folio. 

d. 

Bolls. 

Cows. 

Oxen. 

•  ** 

•  •• 

To  Stock  on  Farm 

500 

0 

0 

1 

14 

18 

15 

To  Purchase  .  . 

16 

0 

0 

0 

0 

2 

0 

This  account  shows  the  numbers  »nd  value 
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Date. 


Dec  10. 


Folio. 


By  Qeak  for  10  loads  of  Dung,  at  ^.  .   .  . 


2 


0 


spent  for  any  ooanures. 
1852. 


Contra.  Os. 


(8) 


Date.  Folio. 


By  Sale 
By  Death  . 


*      •  • 


15 
20 


0 
0 


0 
0 


Hones. 


0 
1 


lieiee. 

0 

u 


Foals. 

1 

0 


among  horaes,  the  number  and  values. 

1852.  Cmtra.  Or. 


Date. 


Folio. 


By  Sale  ...  24 
By  Death    .  .  14 


0 
0 


0 
0 


Bolls. 

0 
0 


Cows. 

Q 
1 


Oxen. 

0 
0 


(6) 


Heifefs. 


3 
0 


of  the  transaolaone  among  cattle. 
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1862.  Db/    Sheep.   00) 


Bate. 

£ 

d. 

Earns. 

1  ye*r*8 

'2  yem* 

•  «  • 

To  Stock-on  Farm 

0 

0 

0 

2 

doo 

160 

120 

•  »  • 

•  «  • 

fiO 

0 

0 

0 

0 

60 

0 

This  account  ahowa  every 

1852. 

Db.  iSWiid. 

ai) 

Dttto. 

Folio. 

& 

d. 

Boaia. 

Pigs. 

Hogs. 

•  •  ■ 

«  •  » 

To  Stock  oaEoim 

60 

« 

0 

0 

1 

8 

16 

10 

1852.  General  Loss  on  Stock,  (12) 


Date. 

Folio. 

Hoxsea. 

Catde. 

Sheep. 

Swine. 

£ 

9. 

•  •• 

Bjr  Death  .  .  . 

4 

1 

1 

1 

2 

38 

0 

0 

This  acoooont  collects  all  loaaeB  on  dead  and  Uve  atocfc,  and  ehowa  the  amonnt 


FARM  AOCOUITT  BOOK.  1045 
1862.  (10)  Conira.  Or. 


Date. 

Folio.  1 

1 

Bams. 

Ewes. 

lyeai'a. 

2  yean'. 

"Bv  Said 

60 

0 

0 

0 

0 

0 

40 

•  *  * 

•  «  • 

By  Death    .  . 

1 

10 

0 

1 

1 

1 

1 

0 

1 

0 

0 

lealing  amoiig  elieep. 


1862.  Contra.     Cb.  (11) 


Date. 

Folio. 

1 

1 

£ 

s. 

d. 

Boars. 

Sows. 

Pigs. 

Hogfi. 

•  •* 

By  Sale  ... 

8 

0 

0 

0 

0 

0 

2 

«  *  * 

•«  • 

By  Death    .  . 

0 

10 

0 

1 

0 

0 

1 

0 

1852.  Goods  from  Farm  a$  behw.  (12) 


Date. 

House. 

Stables. 

Garden. 

1  Folio. 

4> 

<V 
2Q 

40 

Mutton. 

1  l»ork. 

Hams. 

1 

Poultry. 

[  Milk. 

Butter. 

Price. 

£ 

a. 

I 

1 

d. 

IB 

o 
10 

to*. 

0 
2 

CO 

Price.  j 

£ 

s. 

£ 

9. 

d. 

■  ■  • 

1 

1 

4s. 

8 

0 

0 

20s. 
80*. 

10 
8 

0 
0 

0 
0 

Load 
lODuDg 

2 

1 

0 

0 

This  account  shows  the  goods  sent  from  the  fq.rm  for  the  use  of  a  resident  family. 
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1862.  Dr.       a,  B.,  Farm  Servant.  (13) 


Dttte. 

1  Wheat. 

Barley. 

Oats. 

folio. 

d. 

qn. 

bus. 

qn. 

bus. 

qn. 

buB. 

•  •  • 

•  •  • 

To  Payment .  . 

2 

0 

0 

0 

4 

1 

0 

1 

6 

This  accouat  is  Etted  for  payments  in  kind ;  when  the  wages 


1862.  Dr.      J.  D.,  Com  Factor.  (14) 


Date. 

Folio. 

3. 

d. 

Nov.  30 

8 

30 

0 

0 

Tbaa  accoimt  shows  all  debts  tihat  may  exist  in  business  when  nc 


This  fona  of  Farm  Book-keeping  may  be  enlarged  or  contracted  to 
suit  any  eircnniBtances  of  use,  and  columns  may  be  added  as  required. 
Double  entry  is  adopted,  as  it  affords  the  most  dear  and  effectual  dieck 
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1852.  Accamt  Ourrmi,     Or,  (IS) 


f 

1 

Wheat. 

barley. 

Uats. 

Date. 

Folio. 

£ 

d. 

qrs. 

bofi. 

qrs. 

bus. 

qrs. 

•  •* 

By  1  yv'&  conditions 

10 

0 

0 

0 

34 

4 

0 

10 

G 

are  wholly  in  money,  they  appear  iu.  the  monthly  bill. 


Date,  j 

Folio. 

Nov.  80. 

4 

80 

0 

0 

credit  ib  given  for  fhe  goods  sold.  Bach  dealer  reqiiireB  a  oolunm. 


and  expoBElion  of  bneineas.  A  dmple  entry  merely  states  a  bare  fiict; 
the  dotiMe  entry  certifies  the  negociation,  and  vonches  the  transaction  of 
the  bnsinefls* 
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GHAPTEB  Xni. 

MANOli  BAILIFF,  WOODREKVE,  GARDENER,  AND  GAMB- 
K£EPE£U-TKEiIE  POSITION  AM>  DUTIES. 

Where  lauded  property  ia  extensive,  and  lies  iii  a  wide  circuit,  the  hpad 
agent  of  superintendenoe  is  removed  beyond  the  drudgery  of  the  intVrior 
work,  and  retires  to  the  higher  dutiejs.  A  constant  residence  is  not  made 
on  the  estate,  but  only  the  necessary  vicdtB,  or  an  oocaaional  abode  for  a 
period  of  the  year.  A  subordinate  authority  and  managemwt  is  delegated 
M^orbauiff  *^  ^  TOBOiOT  bailiff,  who  lives  in  the  coitre  of  the  estate,  and 
performs  all  the  lower  duties,  and  attends  the  minor  concerns. 
Sucli  a  person  is  csaentially  required  wherever  there  is  attempted  to  show 
tt  well-managed  estate  of  land,  as  the  detailed  worke  of  any  nndertalnn^ 
constitute  the  perfection  which  is  fonned  by  the  Beeining  trifles  of  attach- 
ment. All  large  establishments  demand  a  staff  of  action  that  is  effioiently 
constituted  and  systematicaliy  organized ;  an.d  a  methodical  exactness  must 
pervade  every  branch  of  the  deputments,  even  to  the  nunuti»  tiiat  nearly 
escape  observation,  l^e  profitable  development  of  every  large  nnder- 
taldng  mainly  depends  on  the  constitution  of  the  managing  authority,  and 
the  mode  and  manner  liy  whidi  the  action  can  be  eocerted,  or  is  allowed  to 
pho-w  an  efficiency.  The  arrangement  must  be  made  with  judgment,  and 
directed  with  much  care. 

The  manor  bailiff  resides  in  some  convenient  central  part  of 
the  estate,  where  a  suitable  house  is  provided,  with  the  necessary 
sttachmfflitB^  and  attended  with  a  t^uautiiy  of  land  su^Bcient  to  maintain  a 
saddle  horse  and  a  ooaple  of  cows.  The  money  salary  is  usually  £80 
yearly.  He  mnst  be  a  steady  trustworthy  penon,  respectable,  and  well 
edncated,  thoroughly  acquainted  with  Ihe  most  enlightened  agriculture  in 
every  branch  and  detailed  appurtenance,  and  equal  to  any  keeping  of  ac- 
counts. .  His  time  will  be  constantly  occupied  with  the  business  of  the 
^^ffnjuiiprf  an-anging  the  performances  with  the  chief  agent,  and 

superintending  tlie  execution.  The  wants  of  the  farmers  will 
first  be  made  known  to  him,  when  he  will  hear  the  statements  that  are 
madcj  examine  the  grounds  of  validity,  and  judge  the  feasible  Bufficieucy 
of  being  laid  b^ore  the  head  agent  for  his  approval  or  rejection.  His  own 
opinion  must  accompany  every  proposition ;  and  it  is  most  hi^y  necessary 
that  he  is  raised  above  partiality  of  representation,  and  the  listening  to  re- 
ward. The  vigilance  of  the  <diief  agent  must  be  ever  awake  on  tiiis  point 
An  over-intimacy  with  any  person  or  persons  is  to  be  disconraged,  as  it 
begets  jealousy  and  destroys  coufidence.  The  preferer.rr-  ia  never  to  ho 
shown  to  any  individuals  in  priority  of  being  served,  except  upon  some 
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very  sofBcient  gxoiiii(te»  mdi  m  superior  mapagement,  the  greatest  number 
of  wants,  or  the  want  of  repairs  for  tlie  longest  tisM.  Aa  all  the  buildings 
and  repairs  of  lurases  will  be  entrusted  to  the  manor  bailiff,  hieknowledge 

must  compreliend  tliese  performanees,  and  be  able  to  point  im-  Quaiiflcs. 
perfections,  and  check  abmes.  Mea^nreTneiit  of  works  of  all 
kinds  mtist  be  familiar  to  him,  and  also  of  landfi  on  the  small  scale  of  fields 
and  pieces  of  land.  If  the  farmers  or  workmen  have  complaints  of  wrong 
in  the  bailiff,  the  chief  agent  hears  and  decides  the  case ;  and  if  be  prefers 
complaint  iigainat  any  person  of  the  estate,  the  case  is  settled  by  the  same 
arbitrament  The  agent  must  exercise  a  keen  enqniry  and  a  sonnd  dis- 
cretion in  deciding  what  may  be  purposely  concealed  from  his  knowledge. 

For  the  purpose  of  new  buildings  and  repairs,  the  manor 
baili£f  proposes  jdans  and  recdves  eetimatea  from  workmen,  un- 
less the  estate  he  large  enoiisrh  to  keep  in  employment  the  neceasaiy  oper- 
ators of  every  department.  These  plans  and  estimates  being  sanctioned 
and  signed  by  the  chief  agent,  the  works  arc  commenced,  carried  on,  and 
finished  under  the  baili£f  a  superintendence,  who  draws  money  from  the 
superior,  with  which  to  pay  the  subsisting  money  of  the  employed  lafaonr, 
and  the  balance  that  may  be  owing  when  the  work  is  finished,  measnied, 
calculated,  approyed,  and  balanced  with  the  money  received.  The  valiie 
of  the  timber  used  is  paid  to  the  woodreeve  on  the  estate,  or  bought  from 
abroad,  if  none  is  grown  that  is  Buitable.  The  operations  and  items  of  de- 
tail will  much  employ  the  time  of  one  person  on  an  estate  of  land  of  the 
medium  extent. 

A  very  particular  part  of  the  employment  of  a  manor  bailiff  to 
consists  in  his  visiting  twice  in  the  year  every  field  of  land  on 
each  single  farm  on  the  estate,  and  noting  the  management  which  is 
practised  by  the  fiumer.  One  vuit  is  made  in  March  or  April,  when  the 
spring  operations  are  being  done,  and  the  other  in  October,  when  the 
harvesta  are  all  finished,  and  the  sowing  of  wheats  is  progressing.  By 
n'din;'-  ronnd  each  field  the  condition  of  the  gates  and  fences  is  observed, 
tiie  neglecte  are  noticed,  and  the  improvements  commended.  An  entry- 
book,  carried  in  the  pocket,  contains  these  notices  and  memorandums, 
which  require  a  convenient  pen-case  and  ink-holder  to  be  provided  for  the 
purpose,  and  to  form  a  constant  company.  The  rotations  of  cropping  on 
each  field  of  land  must  be  very  carefully  noticed  and  entered  in  a  book 
that  is  i^ecially  provided  and  adapted  for  the  use  d  the  buliff :  of  • 
the  SIM  is  a  pocket  folio  of  convenient  bulk,  containing  on  the  **^-*««*» 
left-hand  leaf  a  plan  of  the  farm  on  a  reduced  scale,  with  the  fields  nnm- 
bercd  in  a  regular  or  l^  r  and  coloured,  to  distinguish  grass  from  arable 
grounds,  and  woodo  from  meadows.  The  right-hand  leaf  which  is  O]")po8ite 
the  former,  contains  the  number  of  years  in  single  columns,  which  form 
the  lease  of  the  fum,  in  which  is  written  the  crop  which  the  land  bears  in 
that  year,  as  marked  by  the  figure  in  the  regulated  order  of  seasons.  This 
book  is  contrived  and  used  for  the  express  purpose  of  the  chief  agent  and 
owner  of  the  estate  being  able  to  know  at  any  time  the  system  of  cropping, 
which  is  praciiaed  without  the  necessity  of  a  personal  inspection.  A  copy 
3  T 
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of  the  book  being  sent  the  owner  of  the  estate  to  any  distaiioe^  the  know- 
ledge is  transmitted  of  the  arabk  management  on  wMch  the  p^^perity  of 
the  estate  is  chiefly  dependent.  The  use  of  the  book  ia  best  made  in  the 
anttunn  vif">  of  the  manor  bailifi;  as  at  that  time  the  land  will  most  clearly 
T«lo»«.j«u  oftects  of  the  Bystem  of  cropping,  if  any  injurious  rota- 

tion has  been  followed  and  allowed,  or  a  good  one  adopted  and 
persevered.  The  introduction  of  any  improper  management  iti  checked  at 
once,  and  the  manor  bailiff  mnat  be  aUe  to  judge  of  the  admission  or  re- 
jection of  the  proposed  innovation,  report  to  the  chief  agent»  receive  the 
matured  opinion,  and  return  the  verdict  to  the  farmer ;  not  that  the  farmer 
is  to  he  confined  within  the  narrow  limits  that  may  be  chalked  out  by  any 
enperintendents,  or  cliecked  by  their  ideas,  but  there  is  a  most  imperative 
nccosHity  that  tlie  intrinsic  worth  and  quality  of  the  property  receive  no 
damage,  and  that  the  policy  i:»e  not  retrogressive,  if  it  is  not  advancing. 
This  it>  the  duly  of  all  persons  who  are  in  charge  of  property,  and  land  has 
the  VOTy  peculiar  attachment  of  being  easily  damaged,  hut  not  recovered 
Comodj  without  much  time  and  expense.  The  manor  bailiff  comes  into 
the  room  of  the  chief  agent  in  observing  and  reporting  the 
changes  of  use,  and  the  benefits  or  damage  of  progress. 

The  vidta  of  the  manor  bailiff  will  discover  if  l^e  open  drains,  or  large 
cuts  for  the  conveyance  of  water,  are  duly  opened  to  answer  the  purpose, 
IsAgwanl  S'li'i  tbe  recoiving  outlets  of  frequent  drained  lands  are  in  the 
iiMpeotar.  proper  disciiargp  of  tlie  purpose.  As  was  befori>  observed  in 
this  chapter,  the  fences  will  form  au  object  of  interest,  m  ruined  fences 
eddom  admit  being  recovered,  and  new  ones  are  long  in  being  reared  into 
use.  In  £mHi,  every  proceeding  on  the  surface  of  the  ground  comes  within 
the  notioe  of  the  manor  bailiff,  who  is  a  general  inspector  of  every  bnsineas, 
and  performs  a  special  part  that  is  marked  for  his  personal  execution* 
Though  the  plantations  are  ander  the  management  of  a  speduil  director, 
who  is  entrusted  with  that  department,  yet  an  observation  must  he  taken 
of  the  condition  of  tliat  branch  of  property,  and  of  the  mode  in  which  it  is 
managed  and  protected.  The  manor  liailiff  can  obnerve  and  report  of  these 
and  similar  concerns,  without  exciting  any  malevolence  or  hostility,  always 
obeerving  a  prudent  discretion,  and  a  courteous  demeanour.  As  these  de- 
partments are  all  under  the  junsdiction  of  the  chief  agent,  the  delegation 
of  the  manor  bailiff  invests  him  with  the  surveillance  of  the  whole  parts  of 
the  landed  concern. 

AU  roada  putting  Under  the  management  of  the  manor 

i^mTaU  bailiff  the  making  and  repair  of  all  the  roada  on  the  estate  where 
he  is  located,  have  proved  the  heneticial  effects  of  the  arrange- 
ment in  the  improved  condition  of  the  roads,  and  the  lessened  charge  of 
expenditure.  The  necessities  of  the  paths  of  transit  create  a  charge  on  the 
rent  of  the  fiomera,  which  is  fixed  on  the  pound  of  payment  byihe  chief  agent, 
who  collects  the  money  at  the  half-yearly  audit,  and  places  it  in  a  fond  to 
be  used  as  the  manor  bailiff  may  require.  He  will  appoint  the  number  of 
workmen,  as  the  work  to  be  done  will  demand,  and  station  tiiem  in  dwel- 
AaAaniraQ  lings  upou  OT  near  to  the  localities  on  which  the  work  is  re- 
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quired.  Th.e  digging  of  materials  may  constitute  an  extra  item,  and 
engage  a  contract  agreement^  or  bj  special  bargain;  bat  the  upholding 
of  roads  will  employ  a  qnantity  of  fixed  labour  tbroughont  the  year,  which 
will  mainly  apportion  the  charge  on  the  pound  of  rent  to  the  farmer.  The 
inspection  of  roads  and  far  tub  is  done  at  the  same  time,  and  becomes  a 
bosinpFs  at  once  valuable  and  agreeaUe,  This  employment  will  form  a 
distiuct  account  in  the  liands  of  the  manor  Ijaniff,  in  which  he  will  bo  debtor 
lor  all  monies  roceived,  and  creditor  for  all  amounrs  paid.  Tiie  inakuig 
of  new  roads  will  be  distinct  irom  repairs,  and  must  have  a  separate  pag^ 
and  a  distinct  consideration. 

The  manor  bailiff  conveys  to  the  farmers  all  notices  of  infer-  oim  notica 
mation  that  are  necessary,  and  that  by  special  delivery  of  hand.  ««tdaj», 
Even  where  fixed  rent  days  prevail,  the  chief  agent  prepares  and  signs 
with  his  own  hand  a  letter  of  notice  to  each  £unner  some  two  or  three 
days  previouH,  and  f?ends  the  whole  bundle  to  be  singly  delivered  to  each 
tenant  hy  the  inanor  bailiff.  The  form  ot'  tliese  circulars  will  be  given 
elsewhere.  This  delivery  of  notice  ia  a  pan  of  the  official  routine  of 
busineeSj  which  is  never  to  be  neglected,  even  though  the  omission  may 
seem  to  be  harmless :  it  keeps  attention  alive,  awakens  interest,  and  by 
exhibiting  care  on  one  side  of  any  concern,  generally  obtains  a  similar  re- 
tarn  from  tiie  opposite  quarters.  On  die  rent  days,  the  manor  bailiff  sits 
closely  by  the  chief  ag^t,  who  receives  the  money,  counta  it  after  him, 
places  the  parcels  in  proper  order,  and  keeps  a  separate  accoont  of  the 
amount.  If  time  allows,  any  observations  on  either  side  betwixt  the  agents 
and  the  farmer  may  be  mentioned  and  settled,  but  affairs  of  any  magnitude 
are  best  discussed  at  a  meeting  o£  special  appointment.  At  sli  gg^.  attendt 
these  occasions  die  manor  bailiff  is  an  essential  presence,  as  he  p™>«^"^- 
has  seen  die  grounds  of  the  request,  and  has  heard  all  the  urgencies  and 
remonstrances  that  can  be  advanced. 

The  duties  of  the  manor  bailiff  are  separated  from  practical  farming,  yet 
the  person  must  be  capable  of  surveyinL^  tliat  department;  an^l  if  lie  does 
not  intermeddle,  his  observations  may  Rtill  be  useful.  Th«  roads  and  fences 
of  any  farm  that  is  u.sed  by  the  landlord  are  equally  under  his  care,  as  if 
let  to  a  tenant,  aiid  he  mu.-^t  exercise  the  saine  dilii^-ence  to  promote  the 
advantage  and  sustain  the  utility.  The  young  feuceti  that  are  being  reared 
on  the  estate  till  grown  for  <Jie  use  of  the  farmer,  are  nnder  the  manage- 
ment of  the  manor  bailiff,  who  has  workmen  located  convomently  for  the 
purpose,  or  the  day-labonrers  on  the  roads  may  act  in  both  capacities,  and 
be  separately  accounted.  Both  purposes  may  be  served  by  one  arrange- 
ment, as  one  sarveillance  comprehends  the  objects  to  be  done. 

When  the  draining  of  lands  i?  being  done  on  the  estate,  the  „ 
whole  charg-e  of  the  execution  may  devolve  on  the  manor  bailill',  d taining hu 
unless  the  extent  of  the  ]troperty  and  the  nature  of  it  is  ai)le  to 
afford,  and  requires  a  special  appointment  for  the  purpoae.  A  gang  of 
workmen  may  be  kept  for  the  separated  purpose  of  draining,  or  the  other 
workmen  under  the  baOiff 's  jurisdiction  may  be  used  for  draining  when 
the  performances  can  be  so  arranged  so  as  not  to  get  into  contact  and 
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create  oonfusion.  The  baOiff  must  be  oompetent  on  the  subject  of  draimng, 
and  actively  aoqutre  and  promote  intelligeDce  <m  that  very  important  point 
of  rural  management  The  leader  of  Ihe  workmen  imist  be  traetworthy  in 
the  al^sence  of  the  bailiff;  the  course  of  the  drains  will  be  directed  by  their 

opinion,  and  the  cavities  filled  as  they  direct.  Where  a  manufactory  of 
And  tile      tiles  I's  placed  on  the  estate,  the  chief  management  may  reat 

with  the  manor  bailiff,  with  competent  foremen  to  direct  every 
eepante  branch  of  the  husiness.  These  appointments  will  render  the  per- 
son a  very  responsible  individual,  and  who  has  the  power  of  very  mndi 
promoting  both  practical  utility  and  sodal  contentment.  These  two  otjects 
constitute  tbe  chief  aim  of  every  bmnan  employm^t. 

The  office  of  manor  bailiff  now  desorilicd,  lnfl<:;ei=!  on  the  properties  of 
land  that  are  extensive,  to  employ  and  maintain  the  hiirlie.st  orders  of 
agency,  and  tlie  value  can  aiibrd  the  deduction  of  the  i-oi^t.  All  oBtatoa 
should  have  a  practical  person  constantly  reciident,  and  largo  extents  pos- 
it tiia  pru.  eesB  that  requisite  in  the  manor  bailiff,  as  the  chief  agent  may  be 

distant^  and  have  similar  employments,  of  which  he  incurs  the 
responsibility  without  performing  the  drudgery.  On  smaller  extents  of 
landed  property,  the  practical  resident  may  perform  every  duty,  assisted 
by  a  servant  to  carry  messaa'es  and  deliver  written  notices.  The  manor 
bailiff  must  he  possessed  with  a  sound  jndcrTneiit,  enliuhtened  views,  and  a 
conduct  that  rises  above  every  symptom  of  partiality  or  uuder-cioak  deal> 
ing.  Every  thing  must  be  &irly  and  faithfully  represented,  and  no  reser- 
vation made  of  any  points  that  require  an  open  disclosnre.  He  is  better 
when  free  of  any  social  connections  with  the  population  of  the  estate,  and 
removed  beyond  mixing  in  any  dealing's  w  ith  the  &rmers.  An  independent 
Ifoatlwlti-  position  mnst  he  maintained  which  can  eqnal  the  appearance  of 
*'^'®"*"*'  superiors,  and  escape  the  nnhecoming  himiliarity  of  inferior 
grades.  Very  much  of  tlie  smooth  and  agreeable  managoraent  of  an  estate 
of  land  will  depend  on  the  manor  baili^^  who  ia  placed  on  large  extents 
for  the  express  purpose  of  maintaimng  the  connexion  between  the  chief 
agent  and  the  departments  of  operation.  A  very  steady  activity  is  re- 
quired,  which  assigns  each  work  the  necessary  portion  of  time,  and  upholds 
the  performance  of  every  duiy  in  the  proper  period  of  appointment.  Steadi* 
ncRP  IP  almost  the  first  of  virtnes  in  such  cmploxTaents,  no  display  of  un- 
common energies  on  s*Mne  particular  oeoasions,  and  no  momentary  fits  of 
unusual  performancee,  though  probably  very  valuable  in  themselves,  cfm 
compensate  for  the  derelictions  of  laxity  and  careleseness  whicb  succeed 
the  periods  of  exertion.  A  vigilsat  observation  and  a  steady  execution 
constitute  the  foremost  qualities  of  recommendation  in  any  charge  of 
operative  performancee. 

Woodreeve  is  a  tterson  who  acts  as  steward  of  any  woodlands, 

and  trie  (ierendor  and  manager.  TJie  term  is  nearly  olreolete, 
and  eoiTH-^  from  a  word  of  the  Saxon  lan2^naa:c,  which  conveys  the  above 
meaning,  iu  former  iimea,  the  woodis  were  mostly  planted  by  the  seedb  of 
nature,  and  tiie  woodreeve  merely  ranged  the  grounds  in  order  to  debar 
any  intrusion,  and  to  preserve  the  wild  beasts  for  the  purposes  of  pleasure 
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and  of  the  dbu^e.  Improvements  were  totally  imlieeded,  and  the  reeve 
tnerely  took  the  duu^  of  protecting  and  defending  the  spontaTieous  pro- 
ductions of  nature.  A  more  Bettled  order  of  society  intro<lnced  other  ideas 
of  woorlt^d  property,  and  the  system  gained  ground  of  making  wlioUy  new 
plantations  of  trees,  and  of  much  improving  the  old  grounds  that  were 
occupied  as  forests.  The  reeve  now  hecame  a  re;gnlarly  employed  attadk- 
ment  of  the  landed  property,  and  his  duties  were  marked  and  ^ 
defined  as  a  subordinate  in  office  to  the  chief  agency.  The 
fciida!  euperiority  was  sank  into  a  useful  appendage,  and  the  haughty  air 
of  independence  was  lowered  into  the  economical  arrangement  of  a  gra- 
duated sutordination. 

On  large  estatea,  and  on  tliose  which  do  not  employ  a  manor  bailiff,  the 
•woodreeve  is  placed  in  cljarL'-e  of  the  whole  plantations  on  the  property 
and  of  the  nmseries  where  uucu  ikingB  exist.  The  dweiling  must  adjom 
the  largest  portion  of  the  woods,  or  he  centod  as  possible  to  the  divisions 
of  wooded  lands,  and  have  the  accommodation  of  the  grounds  to  keep  a 
saddle  horse  and  two  cows,  witb  the  necessary  small  buildings.  The  money 
salary  is  £80  yearly.  He  will  direct  the  felling  and  selling  of  pwitiaiiaiid 
timber  in  the  proper  seasons,  receive  all  monies,  and  account  for  ''"^*** 
it  to  the  cliief  agent.  The  planting  of  new  grotmds  is  a  cliief  employ- 
ment during  the  fresh  mouths  of  winter;  and  the  fencing  of  the  grounds, 
and  the  protection  of  the  young  trees,  constitute  a  part  of  professional  duty 
that  is  not  exceeded  in  value  by  any  other  department  in  the  management 
of  landed  property.  Whole  growths  of  trees  may  be  destroyed  beyond 
recovery  by  the  trespass  of  cattle  during  one  angle  day,  and  no  remedy 
can  be  foun  1  })t  by  planting  afredb  the  ground  with  trees  in  the  quan- 
tity destroyed.  The  whole  plantation  fences  over  the  estate  inirocditBd 
belong  to  the  province  of  the  woodreeve  ;  for,  as  observed  in  the 
article  "  Lease,"  the  larmer  has  only  to  protect  his  fields,  and  the  landlord 
who  makes  a  planta.tion  of  yormg  trees  must  protect  the  property  he  has 
enclosed  for  his  own  purposes.  These  fences  req^uire  a  most  vigilant  at- 
tention, and  a  constant  outlook  for  the  commencement  of  dilapidations, 
which  may  lead  to  gaps  and  entries  of  intrusion.  A  supply  of  ready  ma* 
ierials  in  stakes  and  bars  is  a  very  necessary  preparation,  and  so  located 
as  to  be  easily  applied  when  needed  for  the  ndghbourmg  woods.  The 
judgment  of  the  woodreeve  will  be  exercised  in  Ti»i1riT*g  these  preparations, 
thfin  which  there  can  be  no  better  fitness  for  offi.ce.  The  felling  of  oak 
trees  and  of  peeling  the  bark  will,  on  some  estates,  form  a  busy  time  with 
all  woodmen,  and  is  generally  very  profitably  employed.  The  sale  of  these 
Mtides  is  managed  by  the  woodreeve,  and  the  receipts  duly  aecountedp 
The  winter  sales  of  other  timbers  are  similarly  done,  and  rendered  in  the 
amount.  The  accounts  kept  by  the  woodreeve  are  only  a  debtor  and  cre- 
ditor pages  of  receipts  and  payments,  and  rendered  periodically  to  the  duef 
ag^t,  and  placed  by  him  in  tbe  proper  d^artmrnnt. 

It  has  been  adopted  to  place  under  the  charge  of  tbe  wood- 

Koadside 

reeve  all  tlie  road-side  fences  on  the  estate,  in  order  that  they  fuaott  Vi§ 
may  add  to  the  beauty  of  the  scenery,  from,  being  better  kept 
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than  tUe  caree  of  the  farm  might  contemplate.  The  arranG^ement  is  good, 
only  it  will  add  Bome  little  item  to  the  expeiise  of  the  department  of  woods, 
but  which  will  he  inooDBiderable  in  compariBon  wi&  the  improyem^xtB 
that  maj  he  effected.  The  gates  of  tfaeBeioadeide  fences  willhe  under  the 
same  care  as  the  hedgee,  and  both  objects  being  kept  in  neat  and  efficient 
order  will  form  an  object  of  much  pleasure  and  utility.  It  relieves  the 
farmer  of  some  part  of  tho;  many  burdens  of  his  situation,  and  forms  a  step 
towards  the  suggestion  in  the  arti('le  "  Lease,"  that  all  tho  ff  n(><>?  on  an 
estate  he  managed  by  the  caxe  of  the  laud-owner.  The  roadside  fences 
have  exhibited  a  very  marked  improvement  from  hdng  imder  the  charge 
of  the  woodreeve^  in  the  few  cases  where  the  arrangement  has  been  adopted* 
ndinitnuix  end  it  is  reasonable  to  expect  a  similar  condition  of  all  other 
jjj^^l^  fences  that  are  placed  under  the  same  anthoiity.  Whenever 
pennanent  objects  are  discnsfed,  the  land-owner's  interest  is  ever 
ioremosi,  and  must  take  the  brunt  of  the  required  expenditure  in  upholding 
the  condition.  A  i.a  luer  patches  a  permanent  article  to  make  it  serve  his 
temporary  purpose ;  the  landlord  erects  and  maintains  the  olgects  to  serve 
the  present  time,  and  to  extend  the  utility  to  fntoie  luages. 

A  nursery  of  some  extent  is  very  usefolly  kept  on  most  estates  of  land 
that  have  a  moderate  extmt,  and  though  trees  suflScient  to  supply  ext^> 
Bive  wants  may  not  be  raised,  some  number  will  be  ready  to  meet  moderate 
demands,  and  young  thorns  may  be  raised  in  any  ijuantity  to  supply  the 
wants  of  the  estate.  The  nursery  is  the  peculiar  province  of  the  wood- 
reeve,  and  is  best  managed  by  labourers  specially  designed  for  the  purpose. 

The  arrangements  of  the  estate  wiU  allow  the  woodreeve  a  number  of 
workmen  which  ezperieooemay  find  to  be  adequate  to  accomplish  the  quan- 
tity  of  work  that  1ms  to  be  performed.  The  number  will  he  altogether 
dependent  on  the  extent  and  condition  of  the  plantationn ;  if  the  positions 
be  distant  and  enclosures  PTnall,  and  need  mnoh  planting,  and  if  the  timbers 
HUd^r  be  old,  and  much  felling  is  to  be  done.  In  many  cases,  much 
workcm,  ^©rk  is  done  by  contract,  and  the  number  of  day  labourers  is 
reduced;  but  some  operations  do  not  admit  being  contracted,  and  are  best 
done  by  daily  oversight  The  felling  and  topping  of  tasabee  trees  may 
be  contracted,  as  the  work  is  visible,  and  does  not  admit  being  imperfectly 
performed,  and  then  concealed  from  view ;  and  the  raising  of  new  fences 
may  also  be  ctnitraeted.  and  let  to  the  const-antly  employed  labourers  under 
the  woodreeve,  and  these  persona  will  be  alternately  paid  by  the  day,  or 
by  the  job,  as  the  nature  of  thjd  different  works  may  rec^uire  or  allow. 
The  gang  of  labourers  must  always  be  headed  by  a  trostworiliy  indivi» 
dual,  who  receives  the  commands  of  the  woodreeve,  and  who  is  mainly 
responsible  for  the  proper  execution  of  every  job  of  petfonnsnce,  whetl^ 
done  by  contractor  day  labour.    Before  contract  work  is  exten- 


i\pid  Job  t—^. 

sively  embraced,  a  confidence  must  be  established  between  the 
parties,  and  a  belief  that  neither  one  is  overreaching  the  other,  but  that 
the  establishment  is  made  and  carried  on  for  mutual  benefit.  These  under- 
standings contribute  very  powerfully  to  the  furtherance  and  prospooos 
result  of  any  undertaking,  and  society  is  soldered  and  cemented  by  the 
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kind  treatment  and  adequate  Mmuneration  whicli  are  practised  by  the 
employers  to  the  employed,  ■wMch  has  ever  formed,  and  yet  constitutes 
the  heavy  burden  which  remains  to  be  discharged.    The  labonrera  must 
be  all  conyemently  lodged  in  cottages  over  the  estate,  and  not  aaBembled 
in  one  place,  but  scattered  singly,  or  in  two  dwellings  together,  and  so 
placed  as  to  ezeroiBe  a  surveillance  over  the  woods,  detect  tiespaas,  in^c^ 
the  fences  in  the  daily  walks,  and  report  i^mptiy  to  the  woodieeye,  who 
will  as  readily  issne  the  necessary  directions  to  have  the  remedies  supplied. 
The  living  of  labourers  iu  villages  is  very  ob)(?ctioiiaV)le,  idle  sSagiMv^ 
congregations  are  encouraged,  and  gossiping  asHcmblages  spend  *«88»««*L 
time  and  divert  the  attention.    The  dwelliugB  must  be  placed  so  as  to 
oomianmcate  readily,  and  afford  an  inspection  of  some  utility  whenever 
the  labourer  leaves  his  home,  whether  he  traverses  a  bye-way,  or  walks 
along  the  public  road :  the  eye  cannot  be  opened,  without  looking  on 
some  object  of  interest.   A  woodreeve  with  four  or  six  men  should  man- 
age the  woods  of  a  pretty  extensiTe  mtat^ ;  but  the  number  is  wholly 
dependent  on  the  quantity  of  wooded  lauda  and  the  age  of  the  tindjcrs, 
and  the  extra  work  that  may  be  attached  to  the  department  of  the  wood- 
reeve.   In  the  event  <^  the  land-owner  assuming  the  management  of  the 
fences  on  the  sides  of  the  roads,  as  has  befm  suggested,  and  probably  of 
the  whole  fences  of  the  estate,  the  charge  of  the  woodreeve  wiU  ^.^  f,fj«^ 
be  most  prodigiously  increased,  and  a  delegation  of  aiithorily 
will  accrue  to  some  trust wor&y  foremen,  who  will  act  under  him,  and  un- 
dertake th<»  charge  and  manac'ement  of  an  assigned  portion  of  work.  The 
localilit-a  must  be  divided  with  judgment,  and  appointed  wiih  discretion. 
As  before  observ*  d,  all  the  dwellings  must  be  planted  with  the  view  and 
for  the  express  purpo;3e  of  enabling  a  surveillance  of  some  kind  or  d^ree 
being  done  by  eveiy  operator  in  whatever  capacity  he  may  act^  and 
imder  whatever  charge  his  labour  is  exerted.    Very  mnch  toil  and  tronble 
may  be  saved  to  the  chief  agents  by  arranging  every  subordinate  as  a 
part  of  the  eirtploymcnt,  and  not  as  a  driven  slave,  who  toils  for  a  gmdged 
piLtauct:,  but  as  a  willing  actor,  who  is  stimulated  by  motive,  and  impelled 
by  gratitude.    This  is  tlie  <mly  w^ay  of  rendering  luniian  nature  useful, 
and  willing  to  apply  ita  energies,  by  Bhowing  an  interest  iu  being  em- 
ployed, and  a  reward  for  exertion,   IHscontent  should  be  wholly  removed, 
and  contentment  is  not  at  all  beyond  the  reach  of  attainment. 

In  the  notice  of  woods  as  a  part  of  landed  property,  it  was  observed 
that  the  expense  of  that  department  rested  wholly  with  the  nature  of  the 
estate,  as  it  may  be  stoclced  with  old  timbers,  or  half-grown  plantations, 
or  is  in  an  incipient  condition,  and  require  much  original  expen-  w«od«, 
diture.  In  the  two  latter  cases,  no  revenue  will  be  derived  y"»S 
from  the  wooded  grounds,  and  the  whole  cost  of  the  woodieeve*s  depart* 
ment  will  &11  upon  the  estate  as  a  primary  outlay.  A  stock  of  full-grown 
timbers  on  any  estate  is  an  item  of  very  considerable  value,  and  enhanoes 
the  price  of  the  property  more  than  the  presence  of  it  might  suppose. 
Where  a  moderate  quantity  of  timbers  is  ready  for  sale,  sudi  a  portion 
should  be  yearly  vended,  as  will  cover  the  expense  of  the  StieoftiB- 


1056 


Oir  LAITDED  PBOPERTY. 


woodreeving,  in  the  cmreDt-goiiig  item  of  outlay  for  repaizs  and  ne- 
oeasaiy  Qptholding;  but  tiie  laisiiig  of  new  Senoee,  and  the  making  of  new 
plantationa,  and  all  oiigmal  work,  must  fom  a  part  of  tiie  general  ex* 
penditnre,  nnlees  a  apedal  faU  of  timber  can  be  made  to  meet  the  outlay 
of  money  If  tbe  yearly  sale  does  not  cover  the  whole  coat  of  the  wood' 
men,  tlie  greater  part,  or  some  portion  being  paid.  Trill  proportionally 
relieve  the  general  burdens  of  the  estate.  Whenever  a  bare  possibility 
eausta,  some  relief  must  be  given,  but  not  to  detract  from  fntiire  values  by 
a  premature  nae  of  the  articles.  This  blunder  may  and  has  been  done, 
and  requires  to  be  guarded  against  Where  no  timbers  are  fbimd  tox  sale, 
the  establishment  of  woodreeve  will  be  reduced  correspondingly,  unless 
large  doings  are  contempkted,  and  ample  extraneous  funds  are  at  c<mmiand. 

Gardener^s  office  is  wholly  confined  to  the  inside  walled  grounds^  and 
the  i^easure  walks,  roads,  and  shrubberies,  that  surround  the  gardens,  and 
niritaiwii,    ^^^o^i^^  residence.    The  department  is  most  usually  excluded 
from  the  inspection  of  the  land  agent,  and  wholly  directed  by 
the  tamily  of  the  estate.   Neverthelcas,  a  notice  may  be  made  of  the  ar- 
rangement which  may  aeem  just  and  eq^uitable  of  that  item  in  reference 
to  a  landed  prop^ty.  The  eKpenae  of  luxuries  is  seldom  calculated  and 
never  regarded,  consequently  a  much  larger  cost  is  attached  to  that  depart^ 
ment  than  appears  in  any  part  of  the  property.  A  garden  of  four  acres 
is  a  provision  for  an  eati^  of  a  very  respectable  extent,  and  allowing  one 
man  to  an  acre  of  ground,  the  head  gardener  will  require  four  men  em- 
Pottos  aad    ployed  within  the  walls ;  and  if  the  outer  appendages  arc  large, 
aa  roads,  walks,  lawns,  and  Bbnibberies,  two  or  three  more 
hands  will  be  required  to  keep  all  things  in  the  state  of  trim  neatness, 
which  the  practice  of  gardening  understands.    The  average  of  six  men 
with  a  head  gardener,  will  requite  the  sum  of  .£300  yearly  of  maintenance 
only,  exclusive  of  wants  of  seeds  and  flowers,  which  are  uncertain  and 
contingent   The  employment  of  land  in  gardening,  pays  no  rent  in  return 
for  outlay,  and  is  only  to  be  placed  to  the  account  of  unpaid  luxury,  that 
is  both  necessary  and  usefoL 

Gamekeeper  is  an  appendage  of  landed  property,  wliicb  is  reckoned 
to  be  equally  required  with  the  other  charges  of  protection.  There  is  no 
donbt  that  the  preservation  of  game  animals,  and  a  tolerably  abi.mdant 
supply  of  the  different  articles  of  that  kind,  forms,  and  even  may  consti- 
Qgg^^^^^  tute,  a  very  great  inducement  to  the  possession  of  land,  aad 
'  were  the  arrangement  not  carried  to  a  provoking  extreme,  no 
challenge  would  be  given  to  llie  right  of  poeseasion  in  the  passing  flights  of 
rest  on  the  grounds  where  the  animala  alight  Both  pleasure  and  profit 
can  easily  be  derived  from  that  source  of  occupation,  provided  a  relaa^ 
tion  and  forbearance  were  extended  to  conciliate  and  not  exasperate  the 
feelings  of  a  jealous  inferiority.  The  department  of  gamekppping  is  most 
generally  managed  by  the  landlord's  own  special  arrangements,  but  like 
gardening,  it  may  be  noticed,  and  the  relation  stated  with  the  other  estAb- 
lishments  on  landed  property. 
One  head  gamekeeper  will  require  about  £100  a  year,  for  his  mainten" 
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ance,  a  pony,  cow,  house,  and  garden.  Two  assistants  wi]]  be  needed  in 
£100  more,  which  wiU  make  £200  to  be  the  yearly  cost  of  niaintainiug 
the  protectiooi  of  game.  The  ereotion  of  extra  establishments,  and  iood 
for  the  aaimale  that  is  g^ven  in  tiie  plantations,  will  form  another  calcu- 
lation :  the  above  ie  givexk  as  a  medium  thing,  aod  to  suit  mo-  Atnatm^ 
derate  views  on  that  point.  The  estimate  now  given  for  that 
p^irpose,  and  likewise  for  the  establishment  of  gudening,  will  no  doabt 
fall  very  short  of  the  general  costs  that  are  incnrred  on  these  points;  but 
as  they  are  matters  of  fancy  rather  than  use,  and  promoted  by  whim 
rather  than  utility,  a  moderate  approximation  is  stated,  without  regard  of 
special  arrangements. 

The  establishments  of  gardening  and  gamekeeping  do  not  always,  or 
rather  very  seldom,  fisdl  under  die  direction  of  the  chief  agent  on  an 
estate  of  landed  property;  but  as  the  expenses  are  part  of  his  disburse- 
ments, the  notice  is  not  to  be  omitted  of  the  uses  to  which  the  money  is 
applied.    It  may  sometimes  be  his  requested  duty  to  give  his  opinion  of 
the  amoimt  which  BhouH  be  incnrred  on  each  particular  point  Agent's 
of  outlay,  to  make  the  arrangements,  and  to  BCttle  the  CBtab-  judgment, 
lishmentaj  aod  then  his  judgment  will  \Mi  called  into  action,  in  disposing 
the  parts  to  suit  the  particular  purposes,  and  in  allotting  the  distribution 
of  the  general  charge  on  the  property  as  the  different  vidues  may  r^dre. 
It  is  true  that  the  two  departments  now  mentioned,  are  almost  a  domestic 
concern,  and  need  not  the  inclusion  in  the  estate  concern,  but  as  the 
landed  value  snpports  every  department,  the  very  household  arrangements 
must  he  made  conformably  and  partake  the  same  regulations  with  the 
other  branches  of  the  landed  economy.    The  land  and  woods  must  have 
the  first  care,  as  they  form  the  source,  of  revenue  which  upholds  all  ooil'- 
cernB  :  the  other  braxiches  must  be  contented  with  such  appor-  ^ 
tionments  as  the  respective  values  and  necessities  may  seem  «mii«»- 
to  require,  and  are  able  to  justify.  The  chief  agent  must  pre- 
pare  an  advice  on  all  tiiese  points^  which  if  U8^d>  may  lead  to  pleasurable 
results;  and  if  not  adopted,  it  may  not  be  lees  valuable,  to  be  honored 
with  a  rejecticm. 

Whatever  arrangements  may  be  made  in  the  case  of  the  gardener  and 
gamekeeper  on  any  landed  property,  the  chief  agent  must  have  the  whole 
direction  of  the  manor  bailiff  aod  woodreeve,  as  these  offices  do  not  form 
an  independent  separation,  but  are  merely  delegations  of  the  business  of 
the  chief  agent,  and  of  which  he  retams  the  responsible  aecution.  Hence 
a  very  regular  subordination  must  be  established  and  maintained  by  an 
imderstood  dependence  upon  him,  except  in  cases  of  last  resort^  when  an 
appeal  may  be  neceesaiy  to  the  owner  of  tiie  property.  These  Hi^jutt 
deputies  are  appointed  by  the  approving  knowledge  by  the  ^t^tbodtj. 
landlord  for  their  qualifications,  and  are  moved  by  his  convenience.  No 
df^Hpntism  must  be  exercised  by  the  agent,  but  his  authority  most  be 
supported  in  ail  reasonable  jurisdictious,  which  are  equitably  dispensed. 
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CHAPTER  XIV. 


FIXED  DAYS  OF  AUDIT— HALF-YEARLY  PAYMENTS 
OF  RENTS— FORM  OF  NOTICES,  RECEIPTS,  AND  OF 
CASH  BOOKS,  GENERAL  MAP  OF  ESTATES,  AND 
OF  EACH  SEPARATE  FARM— CON CLUBINa  OBSEBr 
VATIONS. 

Fixed  days  of  audit  are  \w.it  adapted  to  the  systematic  manacrement  of 
landed  property,  where  nothing  muat  be  left  fco  imcertaiiiLy  LiiiiL  cau  be 
Bsjii  of      fixed,  bat  all  proceedings  go  on  in  the  most  undisturbed  order. 

The  timee  of  receiving  rents  are  of  considerable  import  ui  the 
management  of  a  landed  estate,  and  the  fixed  periods  are  not  leas  desirable. 
The  days  of  andit  are  most  generally  arbitrary,  and  oonyeyed  to  the 
notice  of  the  tenantry,  in.  a  precept  from  the  receiving  agent  on  the 
property.  No  doubt  the  known  period  of  the  year  lets  the  farmer  nnder- 
Btand  that  the  time  of  payment  is  approaching,  and  warns  him  to  make  a 
timeous  preparation  for  the  coming  damage.  Still  he  may  trust  to  Bome 
little  postponement  of  the  day  of  audit,  and  neglect  his  diligence,  and  he 
may  plead  an  excuse  of  not  knowing  the  exact  time  for  the  neglect  of 
)ixea  Md  readiness.  Some  other  bndness  of  the  sgent  may  interfere,  and 
induce  the  putting  aside  the  rent-day  for  some  time,  and  a  vague- 
ness is  by  this  means  introduced  which  is  hurtfully  extended  into  the 
other  ramifications  of  business.  Alterations  of  the  day  may  follow,  and 
lead  into  a  month  posterior  to  t"he  customary  time  of  clearing  oWigationg. 
Such  sliufflings  very  much  impair  the  elTicioncy  of  business,  and  totally 
disquaiity  any  person  from  acting  in  the  capacity  of  receiver  of  rents. 
Business  bangs  in  suspense,  uncertainty  is  prolonged^  and  accounts  of 
every  kind  are  kept  bdiind,  and  £ul  to  show  the  exact  currency  of  afinrs, 
in  the  purpose  for  which  they  are  established.  The  doeely  kept  state  of 
accounts  is  the  hi  of  recommendation  of  any  establishment,  and  no  diXato- 
rineSB  must  be  allowed  in  the  very  least  tittle  of  amount.  Activity  is  the 
soul  of  business,  and  punctuality  with  disi)atch  carry  forward  tile 
whole  machinery  at  the  proper  speed  and  rate  of  advancement. 

The  hest  experience  has  estabh'slied  the  payment  of  money  rents  half- 
Teuu-j9»tif  yearly,  or  in  equal  halves,  at  the  end  of  every  six  montha,  after 
p"»n««*".  the  entry  to  the  fiurm,  and  during  the  cunency  of  the  lease.  No 
bettw  mode  of  management  has  been  devised,  and  it  obtaiiui  the  approba- 
tion of  both  parties  in  the  giver  and  receiver.  The  best  time  of  entry 
has  been  shown  to  be  in  May,  in  the  middle  of  the  month,  or  on  the 
first  day  of  the  summer  quarter  of  the  year.   The  first  half-year  expires 
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in  November,  and  in  tliat  montli  the  first  moiety  of  the  rent  is  due.  But 
to  avoid  the  appearance  of  an  anxious  eagerness,  and  to  indulge  the  con- 
fidence in  the  mutiul  transactions,  that  neither  party  expects  any  trickery 
or  demur,  a  quietos  of  one  montibi  is  given  to  the  tenantry,  and  short  as  it 
may  be,  the  utility,  is  not  below  an  estimate.  The  middle  of  December, 
or  the  fifteenth  day  of  the  month,  is  fixed  as  tlie  permanent  day  of  audit, 
vith  the  postponement  till  Monday,  when  the  fifteenth  day  is  a  Sunday, 
and  also  if  it  falls  upon  a  Saturday.  Buch  assemblies  give  rise  to  hilarity 
which  ia  sometimes  extended  to  late  hours,  and  ali  occaHions  should  be 
avoided  of  unfitting  the  mind  for  the  day  of  huly  rest.  The  same  day  of 
the  month  of  J une,  will  be  six  months  distant,  and  divides  the  year  into 
equal  portions. 

These  timea  of  the  year,  June  and  December,  do  not  seem  to  Doeemtwr 
be  exceeded  in  fitness  any  other  periods,  for  the  purpose  of 
rendering  the  valne  that  is  derived  from  the  use  of  the  land.  In  June 
the  farmer  has  received  the  sales  of  the  grain  crops,  thrashed  and  vended 
during  winter,  and  also  the  proceeds  of  the  winter-fed  beef,  which  will 
meet  the  half-yearly  rent,  and  leave  a  surplus  to  aid  the  next  payTueut, 
Jin  December,  the  clip  of  wool,  and  the  sales  of  all  the  summer-fed  animals, 
will  come  into  hand,  and  under  particular  circumstances,  these  receipts 
will  exceed  the  Tslues  of  the  winter  half-year.  In  grass-land  diatriots, 
almost  the  whole  proceeds  of  the  season  will  be  obtained  at  this  time  of 
the  year,  from  cheese,  wool,  and  grass-fed  beef  and  mnttcm.  And  Bwt  pc^od* 
the  period  of  the  month  of  December,  gives  an  ample  time  to  ^^7^* 
the  necegaary  transactions  being  done  to  meet  the  demand  upon  the  farmer. 
]!«o  disadvantage  is  imposed  upon  him,  of  disposing  any  stock  under 
value  in  order  to  meet  the  rent-day;  and  in  June,  he  has  bad  sufficient 
tiim  to  convert  into  money  the  grains  of  corn  farms,  and  the  winter  values 
of  beef  and  mutton,  upon  the  lands  that  form  the  mixed  cultivations  of 
Britain.  No  faults  have  ever  been  urged  against  these  periods  of  the  year, 
where  the  times  are  duly  observed,  and  regularly  attended.  Omiasiona 
and  neglect  may  disturb,  hut  not  destroy  the  eligihflity. 

The  times  of  pajnng  the  rent  of  lands  being  fixed,  and  a  month's  quietus 
being  given,  it  is  very  necessary  that  it  be  understood  that  no  arrears  are 
allowed,  but  that  the  full  amount  of  the  rent  is  expected  on  the 
day  appointed,  as  all  arraugementa  are  made  with  that  express 
view :  nothing  more  contributea  to  embarrass  any  business  than  a  number 
and  a  multiplicity  of  payments,  which  equally  annoy  and  disturb  both 
parties;  the  landlord  never  knows  his  income,  and  the  farmer  ia  pev^ 
petually  bustling  with  payments.  A  mistaken  lenity  often  leads  to  these 
confusions,  and  the  demanding  rendte  at  improper  seasons ;  the  over-renting 
of  farm?,  and  an  improper  choice  of  tenants,  tend  to  the  embarrassments 
which  mvolve  much  disagreeable  communication,  and  create  a  very  un- 
profitable state  of  afi'airs.  To  promote  the  non-existence  of  any  back  dues, 
an  especial  care  must  be  used  to  place  the  tenant  in  a  position  to  meet  the 
«UM!tne88  that  is  required,  and  to  choose  tenants  who  are  capable  and 
willing  to  use  the  neeeaaary  exertion  under  the  circumstances  that  permit 
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the  attainment.  Arrears  of  rent  nre  »  certain  index  of  bed  management^ 
probably  on  both  sides  of  the  bndnees ;  bnt  if  other  exactitudes  are  per- 
formed under  the  same  circumstances,  a  enspicion  maybe  inferred  tliat  the 
tenant  is  failing  in  duty,  and  requires  to  be  observed:  the  land  under 
his  temporary  ixm  will  be  in  arrear  of  mana?^ement,  and  defalcations  will 
spread  into  every  branch  of  the  imdertaking.  Nothing  ia  more  to  be 
not  to  be     avoided  in  the  maoagement  of  any  landed  property ;  when  the 

cash-book  sho^  few  or  no  arrearsy  the  assorance  is  certain  of 
the  prosperona  and  thriving  condition,  that  the  landlord  eigoya  his 
income,  and  the  tenants  share  the  fruits  of  the  arrangement.  Bnt  when 
the  contrary  happen^  when  the  column  of  arreai^  eqnals  the  receipts, 
and  stands  constantly  filled  with  a  full  amonnt  of  fi.^ures,  the  bus- 
picion  is  just,  that  the  property  is  on  the  back  ground,  and  the  value 
and  condition  is  diminishinsT.  In  a  general  view,  arrears  are  most  dis- 
graceful to  the  superiatendency  of  an  estate,  and  mauy  evila  grow  out  of 
them.  They  enconrage  idleness  and  extravagance  among  indolent  and 
thonghtless  tenants,  and  are  a  disheartening  bnrden  to  the  indnstriouo. 
To  a  receiver  they  are  the  cause  of  much  trouble,  and  to  a  proprietor  they 
are  doubly  embarrassing^  as  being  the  cause  of  intricate  accounts,  and  of  an 
uncertain  income. 

The  remedy  for  arrears,  as  of  every  other  malady,  is  to  be  suited  to  the 
CfMimmil    cause.    If  it  arises  from  over-renting,  reduce  the  rent  to  an 

estimated  fairness.  If  it  be  owing  to  over-indulgence,  or  to 
real  misfortune,  or  to  the  known  poverty  of  an  ill-chosen  tenant,  and  there 
is  no  prospect  of  the  arrears  ever  being  paid  up — wipe  it  o£  On  the 
contrary,  if  the  defaulter  has  substance,  and  there  is  a  probability  of  his 
being  aUe^  one  day  or  other,  to  clear  the  debt,  lay  it  aside,  and  wut 
until  a  good  year  of  fruits,  or  other  &vourable  incident,  occur  for  enforcing 
the  payment.  Standing  arrears  mngt  be  expunged,  and  current  arrears 
prevented  :  the  former  by  using  means  of  due  conBideration,  and  tlie  latter 
by  estabJishing  strict  regulations  to  insure  the  punctuality  of  every  pay- 
ment. But  when  extraordinary  circumstances  do  occur,  judgment  will 
be  immediately  called  into  action,  and  matured  into  an  arrangement  by 
the  exact  circumstances  of  the  case.  The  occurrences  of  this  nature 
require  a  just  compensalifm,  which  no  reasonable  proprietorship  ever  can 
deny,  or  think  of  refusing.  When  the  tenants  are-exact  on  the  rent  days, 
and  pay  the  value  of  the  farms  readily  and  cheerfully,  equal  willingness 
p^^j  of  promptitude  must  meet  the  occurring  wants,  and  thus  ensure 
doiiigi,  ijjjg  continuance  of  the  strict  and  well-regulated  system  of  de- 
portment. Fire,  tempests,  loss  of  stock  by  accident,  and  other  unavoidable 
calamities  may  befall  the  lower  class  of  tenants,  when  it  may  be  not  only 
cruelty,  but  a  very  bad  poUc^  to  demand  the  whole  rent  in  the  usual  ful- 
ness of  payment.  Such  cases  are  easily  managed ;  a  very  bad  crop  of 
grains,  or  a  large  decUne  of  prices,  even  though  temporary,  will,  and 
must,  induce  a  relaxation  of  the  fixed  rnles»  which  are  again  observed, 
when  the  occasion  of  their  being  loosened,  has  passed  away.  Exceptions 
occur  in  every  arrangement,  and  fixities  are  all  liable  to  be  shaken  in  Uieir 
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poBition.  Aman  aie  a  defilement  to  the  rental  el  «a  eetete,  and  oon- 
stitate  a  stain  both  on  the  im)prietorBhip  and  management  of  &e  poe- 
aearion.  Every  payment'  that  k  in  arrear  shows  *  want  of 

arrangement  in  some  quarter  to  meet  the  demand ;  it  may  be  "yean, 
too  large  for  the  means,  or  the  latter  arc  not  duly  provided  for  the 
occasion;  neglect  is  seen  on  both  sides,  too  mucli  is  asked  and  cannot  be 
fbnnd,  and  a  fair  vahie  is  rtot  provided  by  reason  of  unprovideai^  and  an 
aversion  to  an  honest 

A  month  before  the  day  of  andit,  the  chief  agent  will  address  to  each 
individual  farmer  on  the  estate,  a  circular  note  signed  by  his  own  hand, 
reminding  the  tenant  of  the  rent-day,  and  requesting  his  attendance.  The 
bundle  of  letters  go^  to  the  manor  bailiff,  who  delivers  from  his  own 
band,  each  letter  to  the  special  direction,  which  very  much  enforces  the 
official  notice  contained  in  the  circtilar.  A  trusty  servant  on  written 
Kmall  estates,  acts  for  a  manor  bailiff,  as  such  a  person  is  oeca-  no«ce. 
sionaliy  employed  in  carrying  orders  and  messages.  The  note  runs 
thus:'"^ 

FordhttU  ffou$e,  12<&  Ma^,  1862. 

Sir, 

I  beg  to  remind  you  that  the  day  of  audit  for  the  receiving  the 

rents  of  your  landlord,  Earl  of  ,  or  ,  Esq.,  falls 

on  the  usual  day  of  Tuesday,  IGth  of  June,  of  this  year,  on  which  day 
the  half-yearly  rents  due  on  15tli  May,  will  be  gathered  in  the  King's 
Hotel,  Way  ford,  at  ten  o'clock,  a,il,  when  your  punctual  attendance  is  most 
respectfully  retjuested,  by,  sir. 

Your  very  obedi^t  servant, 

A  S*f 

Accredited  agent  and  receiver. 

To  Mr.  G.  F  , 

Tenant  in  Fordhouse. 
This  notice  is  delivered  to  every  person  on  the  estate,  who  pays  a  rent 

of  any  amount. 

Precisely  at  the  place  and  hour  appointed,  the  chief  agent  arrives  with 
his  derh,  who  has  prepared  the  proper  stamp  receipts  for  each  payment 
of  money,  and  has  had  them  signed  by  the  receiver.  The  ^^^^^ 
manor  bailiff  and  woodrecTe  join  the  company  in  a  suitable  voinua  tor 
apartment,  to  which  the  farmers  are  introduced  nngly  and  in 
succession :  a  seat  for  a  few  minutes,  gives  the  money  rent  to  the  receiver, 
who  counts  it,  gives  it  to  the  manor  bailiff,  who  also  counts  it,  and  if  they 
both  find  the  name  amount,  the  clerk  hands  the  stamped  receipt  to  the 
farmer,  who  ruitkos  a  suitable  obeisance  of  mutual  satisfaction,  and  retires. 
Another  tenant  is  introduced,  and  is  similarly  trefi^d,  and  so  on  till  the 
number  is  ezfaausted.  The  derk  makes  a  scroll  note  of  each  receipt  of 
money  with  the  name  of  the  payer ;  the  money  is  put  into  parcels  of  twenty 
paper  notes  and  of  twenty  gold  sovereigns,  which  are  all  again  counted  by 
the  agent  and  bailiff  after  the  business  of  receiving  is  over,  and  when  the 
amount  which  they  count  agrees  with  the  sum  of  the  clerk's  scroll  account, 
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the  business  ia  complete.  When  they  disagree,  a  repetition  is  done,  and 
the  mistake  discovered.  It  is  very  convenient  wlien  the  banker  nf  the 
proprietor  lives  in  the  town  in  which  the  rents  are  received,  as  he  aiteuds 
mth  Tm  clerk,  comits  and  receives  the  money,  and  gives  the  agent  the 
rxooe^inca  transfer  of  the  amount  to  tilie  credit  of  his  employer. 

'  When  this  amngement  cannot  be  done,  the  money  lemaina 
^th  the  agent  till  next  day,  when  it  is  cairied  by  him  to  the  bank  <j{  the 
property  in  the  special  locality.  The  aecnrity  of  the  money  for  one  night 
re.sts  with  the  agent,  manor  bailiff,  and  woodreeve,  sleeping  in  adioining 
rooms,  the  former  being  central,  and  having  the  cash  in  the  apartment. 
The  cases  are  most  numerous  vvhere  the  latter  way  is  adopted,  as  only  large 
propertiea  and  contigaoiu  market  towns  s^rd  the  convenience  of  a  bank. 
But  moBt  landed  estates  of  any  oonaiderable  extent  will  employ  this 
arrangement. 

Rewiptfc       ^  receipts  given  in  return  fbr  money  rente,  are  worded 
thna: — 

"Way fori,  16(&  J«ne,  1862. 

Beceived  on  aoooont  of  Earl  of  ,  or  ,  Esq., 

the  som  of  eighly  pounds  sterling,  from  Mr.  G.  F.,  tenant  in  Fordhonee 
fVkrm,  being  the  half-yeai^s  rent  of  that  £arm  due  on  15th  May  last,  by 
the  said  Mr.  O.  F. 

je80  Bigned  A. 

Aocredited  agent  and  leoeiyer. 

When  partial  payments  are  made  and  arrears  do  occur,  a  stamp  is  not 
required,  and  an  acknowledgment  is  ^nven  on  plain  paper,  statirio-  the 
particnlaiB,  and  writing  om.  the  left  hand  corner,  Ihe  rent  of  the  farm,  the 
smn  received,  and  the  arrears  dne. 
Thus:— 

Rent  £180 
Paid  100 


Arrears  iS80 


This  note  will  agree  with  the  agent's  book,  and  prevents  the  possibility 
of  any  mistakes. 

The  receiving  agent  fills  up  the  general  caeh-book  of  the  estate  from  the 
scroll  pages  of  the  day  of  andit,  placing  every  receipt  of  money  in  the 
proper  assignment^  and  any  disbiuBements  to  the  proper  acconnt  of  use. 
cuh-ixMk  ^  ^®  employments  of  his  himie  retirement,  where  with 

oAoof^  his  derk  he  a^nsts  the  items,  and  schemee  the  regulated  ez- 
penditures.  Where  it  ia  not  convenient  for  the  proprietor  to 
sec  the  general  books  of  the  estate,  a  C(^y  sheet  of  each  year's  proceedings 
is  regularly  sent  him. 

It  is  not  unfrequent  thsU<  the  landlord  treats  the  tenants  with  a  dinner 
at  least  once  a  year;  and  it  may  happen  in  Jmie  or  December,  as  may 
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bo  arranged.    In  tTiat  case,  when  tho  fermcr  is  bowing  retire- 
ment from  the  audit-room  with  the  receipt  for  the  rent  in  his 
band,  the  agent  will  be  glad  to  Bee  him  again  at  four,  five,  or  six  o'clock, 
a8  the  hour  may  be  fixed  for  dinner.   At  the  other  half-yearly  audit  when 
a  dinner  is  not  given,  aglaas  of  wine  is  handed  to  the  tenant  in  the  audit- 
room,  when  the  money  haa  been  paid,  and  the  receipt  delivered;  and  this 
acknowledgment  ends  the  intercourse  for  that  day.   It  is  best  ^^^^^ 
arranged  that  little  or  no  public  bnedness  is  done  by  the  agent  ontbe 
on  the  days  of  audit;  the  mon^  matters  will  very  sufl  i  tly 
occupy  the  attention,  and  the  memory  must  not  be  crowdeii  with  a  multi- 
tude of  proposals,  which  may  bo  too  hastily  considered,  and  improperly 
regarded.     On  sticii  occasions,  advantage  may  be  taken  of  a  hnrried  eni- 
ploymeiit  to  convert  into  promisea  the  probably  unguarded  wordts  of 
passing  obs^mtion,  and  wMch  require  a  nmch  more  grays  consideration 
than  can  be  bestowed  upon  any  subject  in  these  hurried  moments  of  occu- 
pation.   But  on  the  last-mentioned  day  of  audit  a  leisure  may  be  got  for 
the  hearing  and  answering  the  appeals  and  proposals  of  the  tenantry ;  and 
in  long  cases,  the  answer  can  be  afterwards  retnmed  through  the  manor 
bailiff.    Separate  days,  or  one  in  every  half-year,  may  be  appointed  for 
the  purpose  of  hearing  proposals,  and  meeting  demands,  which  may 
be  fixed  as  are  the  audit-days,  and  have  the  same  consideration  given  to 
their  importance.   In  some  instances,  the  days  of  audit  are  held  at  the 
mansion  of  the  proprietor,  when  the  same  forms  of  business  are  obsorved 
as  at  ihe  paUio  resorts. 

The  subjoined  form  of  a  cash-book  for  an  estate  of  land,  may 
be  altered  in  any  way  to  suit  the  dlrcumstances  of  attachment^ 
and  may  afford  the  grounds  of  adoption  in  most  cases. 
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Crcf  1852.] 

Db.     Eiiato  Ouk  Books 


Nmuw  of 

Bent* 

£ 

Date. 

Cash 

£ 

«. 

li 

J. 

Amais. 

£ 

Farms. 

Names. 

— 

Beceived. 

— 

— 

NewBtead 

A.  B. 

Money 

280 

0 

— 
0 

15th 

Half 

1 

Burdens, 

June 

Year's 

if  any 

Bent... 

140 

0 

0 

15th 

• 

Dec. 

Ditto... 

140 

0 

0 

A 

(1 

2ft0 

0 

0 

E.  F. 

Money 

GOO 

0 

0 

15th 

Hail 

Burdens, 

June 

Year's 

if  BSLV 

Bent ... 

300 

0 

0 

16tli 

Dec 

Cash... 

240 

0 

0 

600 

0 

0 

* 

540 

0 

0 

ByR  F. 

GO 

0 

0 

This  Book  shows  the  rents  received^  the  arrears,  tbe  expenses  on  eacli 
tmOf  and  tlie  whole  ohaige  of  upholding  the  estate.  It  may  be  oontinned 
to  any  extentf  and  have  attached  to  it  the  general  reoeipts  of  money  from 
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Crop  18o2.j 

Conira,  Ca. 


1  • 

£ 

«. 

d. 

£ 

9, 

£ 

a. 

By  Cash  paid  the  Garpenter^a 

Bill  for  Bepairs,  aa  hy  Ac* 

tat 

A 
U 

1  7 

A 
v 

lethSept 

By  Oaah  paid  the  Maaon's  Bill 

for  RiBDaira  bvacoonnt...... 

16 

6 

6 

By  Oaali  paid  tlie  Oarpenter'a 

10 

8 

0 

25 

14 

6 

Total ... 

11 

6 

other  quarters,  and  &ho  the  genernl  Prr><^n8es.  Abetracte  of  each  de- 
I^Ttment  being  joiaed  together  will  eiiow  the  reault  of  the  whole 
proceediaga. 


3u 
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Brevity  and  simplieitjr  of  arraagooieiit  oonatitiite  the  eesence  of  the  airt 
of  keeping  aoconnts,  wMch  are  to  lie  so  designed  as  to  afford  at  any  time 
from  A  alight  inspectionf  a  dear  and  Batisiactory  view  of  the  existing  state 
of  affittrs.   There  mnst  be  no  dilatorineBs  of  entry  of  the  very  minnteet 

trifle;  every  transaction  mnst  be  recorded  witLin  twenty-four  hours  after 
being  done,  and  show  the  negotiation  in  the  place  of  proper  exhibition. 
Nothing  is  left  till  to-morrow  which  can  he  done  to-day,  and  each  night 
XQOSt  show  the  bueineas  of  every  kind  arranged  as  it  had  been  don%  and 
dnly  noted.  No  other  way  ia  i^le  to  direct  the  enrrent  of  affiurs  in  the 
paroper  channel,  or  control  the  tendency  to  go  awry. 

The  following  very  oonoise  and  sunple  form  of  a  book  of  receipts  and 
Short Md  payments,  may  be  found  useful  in  certain  places  of  an  extent 
not  very  lar^e,  and  whore  the  proceedings  require  to  be  closely 
ehown,  and  narrowly  guarded.  Its  chief  use  consists  in  giving  a  view  of 
gross  receipts  and  disbursements,  and  showing  the  balance  of  money  that 
remains  hi  hand.  It  is  a  concise  abBtract  of  general  proceedings,  and  has 
been  found  very  useful  nnder  drcumstancea  which  reqiure  an 
ing  of  that  nature. 


Account  in  respect  of  Receipts  and  PayTuente  at 

month,  or  from  weeks  ending  1S52. 

for  one 

Dr, 

Cr, 

Reodpts.  j 

1  Dates. 

Pottieulan  of  mms  paid  and  received. 

£ 

a. 

d. 

It  is  conveniently  and  very  beneficially  arranged  tliat  there  be  attached 
to  the  residence  of  the  manor  bailiff,  an  office-room  of  public  resort,  at 
which  the  bailiff  is  foimd  on  most  days  of  the  wedc  and  seUlesthe  huMnees 
of  the  estate  that  requires  the  transaction  of  being  put  into  the  form  of 
writing.  This  office  of  two  apartments  in  the  outer  and  inner  rooms, 
may  be  joined  with,  or  placed  at  a  small  distance  from,  the  dwelling- 
Baiiir*  house  of  the  bailifl',  aud  to  it  the  chief  agent  may  he  appointed 
to  come  oil  the  fourth  Wednesday  of  every  month,  or  any 
other  day  or  week  as  may  be  eligible.  The  farmers  and  all  tlie  subordi- 
nate agents  know  this  appointment,  and  attend  it,  when  reports  are  made 
and  suggestions  heard  and  settled.    The  manor  bailiff  and  woodreeve 
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refer  all  mattera  to  Ix?  settled  at  tWs  meeting,  and  the  t<^nants  look  to  it 
as  the  termination  of  all  cogitations  and  proposals.  In  this  office  are  kept 
all  the  books  of  general  reference,  and  the  maps,  which  require  very  often 
to  be  consulted.  On  eatateB  of  the  smaller  extent,  the  ageat  ^ 
will  be  of  tlie  minor  grade,  and  perfonn  the  whole  basinesB  of  ^^^^ 
agency  ftnd  of  the  beiliff;  the  office  will  be  attached  to  hie  own 
dwelling,  and  answer  the  purpose  above  deecribed.  When  he  resides  at 
a  distance,  an  occasional  resid^ce  may  be  fonnd  on  the  estate,  when  the 
monthly  attendance  at  the  bailijOTs  office  will  be  more  convenient,  and  more 
easily  attended. 

In  Kome  cages  of  landed  property  on  which  the  idea  of  hoBpitality  is 
not  entertained  or  largely  distributed,  the  oflice  at  the  residence  of  the 
manor  bailiff  or  inferior  agent,  may  eerre  aa  the  place  of  audit,  ^  ^ 
and  the  rents  can  be  received  in  the  two  rooms  of  office.  This  pi»<:'  <>' 
arrangement  does  not  abandon  the  monthly  day  of  meeting  at 
the  office,  as  it  is  exclusively  devoted  to  the  receipt  of  money,  and  the 
other  time  to  the  transaction  of  contingent  business.  The  residence  of 
the  proprietor  may  have  an  office  attached,  where  every  agency  h  done : 
on  largely  extended  estates,  the  offices  of  business  may  he  two  or  three 
iu  number,  in  order  to  suit  the  distances  of  detachments.  At  each  place 
the  agency  must  occa^oually  attend  in  order  to  inspect  the  demands  tliat 
are  made,  and  to  diffiise  .a  spirit  of  good  order  and  emulation.  In  these 
offices,  there  must  be  lodged  the  necessary  provisions  for  the  transaction 
of  business,  as  maps,  rentals,  books  of  accounts,  registers,  and  receptacles 
of  business  that  has  been  transacted.  No  person  must  carry  away  on  any 
occasion,  or  for  any  purpose,  a  paper  of  any  kind  from  the  office,  without 
leaving  iu  ita  place,  a  memorandum,  stating  by  whom  it  was  taken,  and  for 
what  purpose,  and  when  it  will  be  returned,  in  order  that  it  may  be  traced 
in  case  it  should  not  be  brought  back.  This  regulation  fihould  be  written 
in  large  letters,  and  suspended  in  the  most  conspicuous  place  of  the  office. 
Such  an  injunction  requires  a  positive  enforcement. 

A  rent-roll  is  required  on  every  estate  of  land,  or  a  statement  of  the 
gri    Mlue  of  the  property,  ranged  in  the  order  of  the  &nns,  ^^,^^4^^ 
and  other  sources  of  revenue,  as  woods,  mines,  rights,  and  fines. 
This  general  view  of  increase  is  best  arranged  in  columns,  as  being  most 
perspicuous;  and  f f   a  schedule  of  farms  the  following  are  proper: — 

1 .  The  mark  oi  the  farm  in  the  general  map. 

2..  ihe  names  of  the  farms. 

3.  The  contents,  or  admeasurements  of  each. 

4u  The  names  oS  the  present  tenants  of  each. 

6.  The  amounts  of  the  existing  rents. 

B.  The  outgoings,  if  any,  by  the  proprietor. 

7*  The  expiration  of  the  lease. 

The  farms  are  best  arranged  geographically,  in  the  natural  order  in  which 

they  lie  on  the  estate,  and  thus  appear  on  the  rent-roll.  The  general  roll- 
map  of  the  estate,  the  book  of  maps,  the  large  rotatiou  ]  of  maps,  and 
the  pocket-book  of  maps,  must  all  agree  in  having  the  iarins  similarly 
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tanked,  and  amnged  in  tibe  same  order,  and  also  in  ihe  Tecciver's  geneial 
oaah-book,  and  in  fket,  on  OTery  occaaionof  the  hms  being  placed  in  order 
of  any  kind,  a  systematic  mode  of  proceeding  mnst  be  adopted,  prac- 
tised, and  enforced ;  and  when  neglected  or  infringed,  it  has  to  be  imme- 
diately restored. 

Estates  of  land  mmt  bo  mapped  in  the  wliole  extent  by  a  compe- 
Mftptof  snrveyor.  or  of  the  districts,  or  ufficiaries  into  which 

******        a  large  exteiit  may  be  divided.    These  pro\aBions  will  be  lodged 
on  rollers,  and  unfolded  on  the  floor  of  the  office  when  a  general  conBnl- 
tation  is  req[aired.   On  a  reduced  scale  from  this  map,  there  is  constmcted 
a  book  of  maps,  in  which  each  se|»urate  farm  is  contained  on  a  leaf  which 
extends  civet  the  whole  book  when  opened,  and  the  middle  of  it  bends  into 
the  centre  of  the  book  T^hen  It  is  folded.   This  volume  forms  a  ready  re- 
Books  uA   ferenoe  to  eadi  single  £um,  and  can  be  carried  to  any  place  to 
be  examined  on  tlie  spot  for  the  purpose  of  certification.  In 
the  reduced  scale  of  one -half  of  these  maps  of  estates,    the  general 
book  of  rotations  is  made,  having  on  the  right-hand  side  the  plan  of  the 
farm,  and  on  the  left  the  rotations  of  cropping  during  the  curreajey  of  the 
lease,  as  has  been  shown  in  ihe  dntiee  of  tiie  manor  haSM.   And  on  all 
auitebly  reduced  scales  from  these  plans,  the  pocket-book  of  maps  and  ro- 
tations is  constmcted,  so  as  to  be  conyenient,  and  easily  portable.  All 
these  plans  being  fitly  done  in  one  copy  by  a  prc^essed  sunreyor,  can  be 
copied  into  any  useful  number  by  an  offioial  who  has  received  an  educa- 
tion that  enables  the  performance.    At  every  office  on  an  estate  of  land, 
there  must  be  lodged  within  its  walls,  the  book  of  maps,  and  the  rota- 
tion books  of  the  districts  wliioli  lie  within  the  circuit  of  the  officiary; 
reference  will  be  constantly  necessary,  and  the  provisions  must  be  had. 
The  original  copies  of  professional  skill  will  remain  at  the  chief  office,  the 
others  are  copied  as  substitutes. 

The  plantations  are  separately  mapped,  and  shown  in  the  office  or  offices 
to  which  the  pontion  of  the  woods  appertains.  And  when  a  new  planting 

maps  of 

of  trees  has  been  done,  a  plan  is  made  of  the  plantation  ground, 

piantaUons.  order  to  answer  the  special  purpose  of  necessary  references. 
The  woods  are  ranged  in  the  numerical  order,  and  a  book  with  columns  con- 
tains the  extent  of  each  plantation,  the  age  of  the  timbers,  the  time  of  last 
cuttings,  and  the  money  got  from  sales,  with  the  respective  dates  attached. 
The  quantity  of  hedge-row  trees  on  each  farm  may  be  altered  in  a  simi- 
lar book»  and  accounted  as  they  may  be  cut  down  and  diapoeed  for  use,  or 
sold.  The  manor  bailiff  and  the  woodreeve  prepare  and  l»ep 
these  books,  and  the  chief  agent  examines  and  approves.  On 
the  inferior  agencies,  these  performances  fall  npon  the  steward  himself. 
These  cases  'often  join  the  duties  of  bailiff  and  woodreeve  in  one  person, 
who  will  assist  in  upholding  the  provisions  that  have  been  mentioned. 

On  every  estate  of  land  there  must  be  established  laws  and  usages,  to 
which  both  parties  are  liable,  though  no  written  contract  subsist  on  the 
subject.  Though  theae  laws  may  be  imperfect,  th^  ought  to  be  strictly 
observed,  until  better  regulations  are  found :  moral  justioe  demanda  the 
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perforoiaiioe  of  these  duties,  and  the  example  muBt  be  set  of  int^rity  and 

good  faith  to  the  tenants.  The  proprietor  and  agent  must  show  the  model ; 
for  if  these  personB  break  cuBtoms  and  covenants,  what  can  bo  said  to  a 
farmer  who  follows  the  example  ?  It  is  no  in  ore  than  common  prudence 
to  fulfil  with  scrupulous  exactueBs  every  covenant  and  agreement^  ^  «crupoioi» 
anderery  promise  that  has  been  made,  even  to  the  meanest  cot- 
tager  or  labourer  on  the  property,  in  order  to  inspire  the  same  principle 
into  the  conduct  of  every  person  that  is  concerned.  Not  only  good  faith 
must  be  preserved,  but  good  offices ;  and  frequent  acta  of  kindness  must 
liberalize  the  minds  of  the  tenants,  and  not  with  any  loss,  but  with  a  posi- 
tive advantage  to  the  estate.  Spirited  improverR  must  be  denied  no  rea- 
sonable request,  and  should  have  favors  voluntarily  oont'erred  upon  diern. 
Estates,  like  men,  acquire  good  or  bad  characters,  and  not  from  character 
the  qwiity  of  the  soil,  but  firom  the  conduct  that  is  observed  in  •^w"*^ 
the  arrangement  and  treatment  of  the  negotiations.  A  skilful  farmer  of 
capital  will  rarely  fix  hia  abode  on  an  estate  of  bad  repute ;  while  on  the 
contrary,  a  contest  will  happen  to  obtain  a  footing  on  a  property  of  estab- 
liahed  character.  Nothing  can  well  add  more  to  the  permanent  respect- 
ability of  a  family  of  rank  and  fortune  than  having  the  estates  occupied  by 
a  wealtliy  and  respectable  tenantry. 

The  good  management  of  a  landed  estate  requires  the  assistance  of  a  law 
officer,  as  solicitor,  or  attorney.  This  person  is  employed  as  an  assistant 
when  required,  as  is  medical  aid  when  specially  necessary.  Judicious  re- 
gulations and  timely  advice  without  interference  will  almost  prevent  any 
seriom  divisions  on  the  estate;  yet  cases  will  occur  from  the  frailties  of 
human  nature,  and  in  a  state  of  civilized  society,  and  of  established  pro- 
perty. The  lawj^cr  is  best  engaged  on  large  properties  to  manage  all 
legal  affairs  for  a  yearly  stipend,  which  may  be  sometimes  exceeded,  but 
oftener  below  the  mark.  The  land  surveyor  in  (■nq)loyed  when  the  pro- 
fessional service  is  req^uired,  and  is  often  a  useful  person  a^  an  arbitrator  or 
referee. 

In  every  bonness  between  man  and  man,  the  affiurs  must  be  grmr 
made  pleasurable,  and  transacted  cheerfully,  as  the  matters  oc-  of^"'*"^ 
cur,  and  never  delayed,  till  by  accumulation  the  performance  is  difficult 
and  irksome.   Dispatch  is  essential  before  misunderstandings;  idle  tales, 

and  groundless  eurmises  have  time  to  intervene,  sour  the  inind,  and  pro- 
duce a  distant  coolness.  Barriers  are  thus  raised,  which  nothing  but  the 
mystic  law  may  remove.  No  tricks  or  artifice  to  take  advantage  like 
gamblers  round  a  table,  but  an  honest  desire  to  find  the  point  of  equity  and 
rights  must  be  the  chief  motive ;  and  when  honest  m^,  who  have  character 
to  lose,  meet  to  settle  any  buaness,  the  difficulty  very  qui<&ly  vanishes. 
An  umpire  may  be  necessary  at  times,  but  the  occasions  will  be  few. 

On  the  part  of  persons  in  power,  a  conduct  of  a  somewhat  q„^^  ^ 
peculiar  mark  has  to  be  observed,,  ia  order  to  give  no  ofience  to  pencM  la 
superiors,  to  please  the  equals,  and  to  conciliate  inferiors.  A 
demeanour  at  once  respectful  and  firm  must  be  exhibited  by  agents,  in 
order  to  procure  respect  and  observance  of  regulations.   No  arrogant 
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haughtiness  nor  austerity  of  manner  must  debar  the  approach  of  solicita- 
tion, nor  must  an,  improper  familiarity  allow  the  intrusion  of  every  petty 
squabble  or  request  diat  may  suppose  itself  worthy  to  be  heard.  The  for* 
mer  line  of  conduct  prevents  the  necessary  access  of  presence,  and  ihe 
latter  crowds  every  avome  with  trifling  advances.  No  quality  is  more 
ffrmflMfikii  hurtM  in  an  agent  of  any  kind  than  the  want  of  a  firm  decision ; 
mimHi1>     tjie  resolves  must  be  decided  and  adhered  to  with  pertinacity. 
Inferiors  mmt  he  tanglit  into  a  respectful  submission,  hut  no  slavish 
cringing,  which  wholly  destroys  the  independence  of  mind  which  must 
ever  accompany  the  use  of  any  rational  faculty.    A  courteous  affability 
muBt  be  very  largely  entertained  with  every  person,  of  whatever  rank  or 
station,  that  requires  to  use  the  agency  of  the  estate  in  any  way;  no  cold 
repulsion  is  to  be  used,  nor  a  feeling  of  disdain  be  manifested,  unless  on 
the  proper  occasions,  which  must  be  well  settled  and  authenticated.  A 
demeaning  fixmiliarity  must  be  very  carefully  avoided,  as  it  tends  most 
pow^erfuliy  to  lone  eHteein,  to  sink  respect,  and  never  fails  to  hcget  con- 
tempt for  the  object  of  its  exercise.    There  is  a  happy  medium  of  conduct 
which  pleases  superiors  and  conciliates  the  lower  stations  of  life;  it  is  a 
aniacteMr    uiO«t  valuable  acquiaition,  as  it  procures  confidence  from  the  for- 
mer  and  attaches  the  latter,  who  form  the  supporting  ground- 
woiic  of  society.   In  the  days  of  audit,  or  at  any  other  times,  the  agent  of 
extensive  bunneas  must  not  trust  to  promises  in  a  crowded  memory,  but 
reduce  every  business  into  writing,  when  it  is  of  the  possible  import  An 
occui)ation  being  arranged  in  this  way,  and  the  habits  of  transaction  being 
adapted  to  the  circumstances  of  the  position,  and  a  systematic  oi^anization 
being  on  every  point  established,  there  is  only  wanting  the  polite  lability 
and  courteous  demeanour  wkicb  gilds  every  object  and  burnishes  every 
business,  gives  oil  to  the  wheels  of  afiiairs,  and  lubricates  every  transaction. 

Such  an  important  subject  as  the  chaise  of  landed  pn^erty  cannot  be 
'  dismissed  without  a  parting  admonition  to  the  holders  of  these  offices.  In 
many  cases  the  total  absence,  only  a  temporary  residence,  and  the  oocupa* 
tion  of  the  land-owner  in  legislature,  leaves  to  the  agent  the  almost  uncon- 
trolled  direction  of  the  estate;  while  in  almost  every  instance  of  an  agency 
of  repute,  the  advice  of  the  profesBioual  adviser  ig  as  it  ought  to  be — deci- 
sive  of  the  system  that  is  adopted.  The  agent  will  sec  that  ho  is  entrusted 
^  vnth  the  phyncal  and  moral  condition  of  a  portion  of  his  fellow- 
creatures,  who  haye  a  claim  or  vested  right  to  be  ooaployed, 
of  «aacnt;  maintained,  and  educated  by  the  property  of  which  he  has  the 
admintBtration.  Wb  employer  has  bought  a  certain  part  of  the  develope- 
ment  of  its  resources,  and  thia  being  the  acting  portion,  must  have  its 
every  direction  made  to  tend  to  the  clilef  points  of  attachment.  This  em- 
plojnnent  becomes  a  very  serious  concern  to  a  rational  being,  who  must 
assume  a  corresponding  lofty  standard  of  morality  in  every  sense  and  mean- 
ing of  the  word-  The  agent  has  to  hold  in  constant  perspective  the 
employm^t  of  the  people,  and  a  competency  of  support ;  the  education, 
moral  and  religious,  accompanied  with  such  a  remuneration  to  his  employer 
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as  will  justify  the  progress  of  the  undertakings.  These  purposes  form  a 
most  important  charge  to  be  in  vested  in  any  one  person,  and  re-  ^ 
qjmre  a  ^oughtfulnesa  the  most  serious,  and  a  calculadon  the  Sm^^* 
most  pvofoiiad.  It  is  no  erery-daj  a^is,  or  passing  concern, 
but  a  matter  the  most  valuable  of  all  the  yarieties  of  occupation.  Those 
peroons  irbo  write  about  man,  and  the  different  states  and  stages  of  his 
ecdstence— moral,  social,  and  political — ^would  do  well  to  remember  two 
things  :  the  cultivation  of  the  earth,  and  the  supply  of  the  neoesBaiiee  of 
life ;  for  they  uphold  or  overturn  all  their  ideal  thrice. 
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Improvements  gradual  in  dwellings  226 

Inferior  lands  in  rotation  of  crops  .  915 

   ,  m 

Inferior  qualities  of  clay       .  . 

Inspections  by  bailiffs    .      .      .  1035 
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Interest  of  purchased  estates  .      .  lOT.*t 

  low  of  land       .       .      .  1023 

Intermittent  supply  of  water  .  .  IM 
Inventory  and  valuation  of  tillages 

and  tenant  right       .       .      .  fiSg 

Iron   m 

Ironmongers'  prices      .      .      .  ,  fiZZ 
IrODuiongcry        •  .     ♦       •  * 
Iron  pipes  and  castings,  specifica- 
tion for     .      .      .       .      .  4fiS 
Iron,  quality  of    ...      .  468 

Ironwork   4QZ 

Irrigated  grounds  ...      *  9Z2 


J. 

Joiners'  priccti  ....  660 
Joints  for  pipes  .       •      .  4fil 

Judgment  required  in  planning 


farmeries  92S 

Junctions  for  house  drains    .  • 
Junction  of  roads  ....  34S 


K. 

Kent,  the  agricultural  custom  of  .  62Z 
Kilns  Iiiii2 


L. 

Labour,  hours      ....  IQM 

Labourers'  Cottages     .      .      *  fifiS 

Lancashire,  agricultural  custom  of  iSSL 

Land  and  wood,  chief  sources       .  lM& 

 bears  a  low  interest      .      .  1022 

 differs  from  manufactures     .  fififi 

 how  valued  ....  T013 

 is  a  firm  security         .      .  Il!:i2 

 is  easily  injured    .      .      .  1023 

 is  much  desired    .      .      *  102S 

.->—  measure,  tables  of  .  •  220 
~—  measuring  .... 

 must  be  in  good  order  .      .  1023 

 plane  for  railways        .      .  SBQ 

 surveying    ....  Sffi 

 the  distinction  of  society      •  SS& 

 valuation     ....  EH 

Landlord  and  tenant     .      .      .  JSS. 

Landlord's  aid  in  accidents   .      .  ^3. 

Large  farms   242 

Last  years  of  tenure  .  .  .  8^ 
Law  of  auction  ....  TSi. 
 relating  to  agreements  and 

leases   765 

Law  relating  to  appraisements  ,  24& 
Laying  and  ballasting  permanent 

sidings  of  a  railway  .  .  *  417 
Laying  and  ballasting  permanent 

way  of  a  railway       .      .      .  412 

Laying  drain  pipes       •      .      .  479 

Lead   dSQ 

Lease  defined      ....  8ZZ 
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Lease  for  three  years,  or  leas,  of  a 
house  .... 

Lease  Is  heritable  .  .  , 
  is  long  of  coal  mines  . 

—  must  have  an  issue 
■    -  of  much  consideration  . 
Leases  and  agreements  .  . 
Legumes  and  grasses  used  • 
— ^—  hardly  of  use  .  • 

-  ■  ■  used 


Leguminous  plants 
Leicesten?hire,agriculturalcu»tomof 

Length  of  tenure  .  ,  , 
licvel,  Gravatt's  . 

  spirit  .       .  ,  , 

 —  Troughton's 

Y      .  .  . 


Levels 
Levelling 


Lime 


practical  specimen  of 
staves    ,      .  , 
the  operation  of  • 


— ; —  used  

Lincolnshire,  agricultural  custom  of 
Lining  of  puddle  for  reservoir 
Liquid  draining  of  farmeiy  . 
List  of  grasd  seeds        ,  , 
Loans  of  money    .  , 

•  »  , 
Logaiithms  .... 
Logarithms,  common  and  hyper 

&)lic,  tahle  of    .       .  . 
Logarithms,  common  and  hyper 

biolic,  tlie  use  of  the  tables  of 
Logarithms  for  finding  the  horary 

angle  or  apparent  time,  table  of  . 
Logaritlims  for  finding  the  horary 

angle  or  apparent  tiiue,  the  use 

of  the  table  of  ,      .  , 
Logarithms  of  numbers,  tables  of 
Logarithms,  use  of  tlie  table  of 
Logarithmic  sines,  tangents,  &c. 

tables  of   .       .       .  . 
Logarithmic  sines,  tangents,  &c 

use  of  the  tables  of  .  . 
Long  dates  at  entry  on  farm  . 
Longer  security  necessary  . 
Longitude  and  time,  tables  of 

 the  ufle  of  the 

tables  of  .  .  ,  . 
Longitude,  tables  of  ♦  . 
— — —  the  use  of  the  tables  of 


M. 

Main  drains  

Mains  and  pipes  for  water  supply, 
size  of      ....  . 

Manor  bailiff  

Manorial  rights  .  .  .  . 
Manufacture  of  the  copse  woods  . 
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Maps  and  surveys  for  sanitary  pur- 
poses   447 

Maps  of  estates     ....  1068 

Masonry       .....  490 

Masons'  prices      ....  674 

Materials  for  building  houses .      .  924 

 filling  drains     .       ,  979 

 —  roads       .      .      .  943 

Mathematical  tables,  use  of  ,      .  18 

Maturity  of  trees  ....  957 

May  entry  on  farms      ,      .      .  881 

Meadows   963 

Means  of  farming  should  be  known  893 
Measures  and  weights,  measura- 

tiou  of     .       .      .       .      .  192 

Measuring  bricklayers'  work  .      .  641 

 carpenters'  and  joiners' 

work   661 

Measuring  excavators'  work  .      .  641 

 glaziers'  work      .      .  675 

 hay  ricks,  tables  for     .  688 

 ■  iron  work    ,       .       .  673 

  -    land    ....  219 

—  painters'  work      .      ,  673 

 paper-hangers'  work    .  576 

■               plasterers'  work    .       .  671 

•  sawyers'  work      .       .  666 

 stouemasoua'  work      .  666 

 timber ....  491 

Memoranda  to  fussiBt  the  memory 

iu  matters  of  valuation      .       .  616 

Mensuration,  angular    ,      .      .  193 

 of  solids  .      .      .  197 

 •  of  superfices     .      .  194 

  wcigiits  and  measures  192 

Meridional  parts,  tables  of    .       .  132 

  the  use  of  the 

tables  of   26 

Metropolis,  subterranean  survey  of  454 

Michaelmas  entry  on  farms  •      .  880 

Mid-channels  of  water  must  be  used  972 

Middlesex,  agricultural  custom  of  .  627 

Mineral  property  ....  1019 

Minerals   891 

  ......  988 

Mines  of  coal       ....  998 
Modes  of  ploughing     ...  899 
Moon's  altitude,  tables  of  the  cor- 
rection of   147 

Moon's  altitude,  the  use  of  the 

tables  of  conection  of       .      .  33 

Moon's  parallax,  tables  of     .      .  141 

  the  twe  of  the 

tables  of   30 

Moon's  semidiameter,  tables  of  tho 

augmentation  of  .  .  .  142 
Moon's  semidiameter,  the  use  of 

the  tables  of  the  augmentation  of  21 
Moral  responsibility  <rf  an  agent  .  1070 
Mortar  .  .  .  ,  .  ^ 
~~^~*  .....  488 
Mortgagee  or  mortgagor,  dilapida- 
tions by   737 

Motion  of  fluids  passing  through 

pipes   441 
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Motion  of  water    .      .      .      •  1^ 

Mounds   flIQ 

Much  judgment  required  in  draining  9ZS 

Much  varied  position  of  farms      .  Mi 
Multiple  arcfi,  tables  of  expreeeions 

for    ......  Ifi3 

Multiple  arcs,  the  use  of  the  ta- 
bles of      ....      .  SL 

Multiplication,  proof  of  .      .      •  2 

of  fractious     »      •  5 


Natural  eines  and  cosines    ,  . 
Necessity  of  cumfurtable  dwellings 

for  agricultural  labourers  . 
Neglected  woods  . 
New  designs  of  farm  buildings 

necessary  .... 
Norfolk,  agricultural  custom  of 
Northamptonshire,  agricultural  cus- 
tom of      ...  . 
Northumberland,  agricultural  cuS' 

torn  of      ...  « 
Notation  in  arithmetic  . 
Notice  of  distress  . 

 distreKS  of  standing  com 

owner's  intention  to  apply 


to  justices  to  recover  possession 

Notice  to  quit 

Notices  to  be  made  of  cultivation 
Nottinghamshire,  agricultural  cus 

tom  of  .  .  •  * 
Nuisances  .... 

  and  Dilapidations  . 

Numbers,  the  properties  of  . 
Numerical  reference  to  maps 


O. 

Obligations  of  a  lease  . 

Observances  of  a  lease  . 
Old  timber  etook  removed 
Opening  in  banks  . 
Origin  of  farms  and  leases 
Original  holding  of  land 
Outfall  drainage  . 
Oxfordiilure,  agricultural  custom  of 


P. 

Painters'  prices  .... 
<  work  .... 

Paperliaiigers'  work 

PaperhaDger  and  decorators'  prices 

Parallax  in  altitude  of  the  sun  and 
planetii,  tables  of      .       ,  . 

Parallax  in  altitude  of  the  sun 
and  planets,  the  use  of  the  ta- 
bles of      ....  « 

Parapet  walls  .... 

Pai  ifth  aad  estate  surveying  . 
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Parish  valuation,  written  in  the 
fonn  prescribed  by  the  Poor  Law 
Commissioners  ....  fi5fi 
Parish  valuation,  Field  Book  re- 
commended for  .      .      .       •  £58 
Parishes,  valuation  of  *      .       •  6^ 
Pat  liamcntai  y  plans  and  sections  .  ZMt 
Paved  crossings    ....  4ii2 

Paving   fin 

.      .      .  fljSQ 

.    ,    .  aai 

.    .     .  aai 

.    .    .  m 


Peaty  soils 

Pediomcter  *  .  •  . 
Penugraph  ,  .  ,  . 
Permanent  fencing  . 
Piggery  .  -  .  . 
Pig  iron  .... 
Piles  of  timber  .  *  . 
Pipe  drains  .... 

 laying,  specification  for  . 

 tender  for  .  « 

Pipes  and  c;i.stiiig.s,  tender  for 


.  SZI 

ill 


mains  for  water  fiupplyi 


size  of 

Pipes,  coated       .      •  . 

 earthenware  * 

 iron  .... 

 stoneware,  tender  for  . 

Plane  and  solid  geometry 

 trigonometry 

Planes  and  tiolids  . 
Plans  and  sections,  parliamentary 
Plantations  .... 
Planting  of  trees  . 

  copses  ... 

Plasterers'  prices  ... 
work 


Plotting,  sections 
surveys 


Plumbers'  prices 
Policy  and  security  of  tenant  of 

land  

Polygons  and  <juadrilateral8  . 
Portland's,  Duke  of,  mode  of  planting 

draining 


■  arrangement  with 


his  tenants 

Possession,  recovery  of  . 

Potatoes       .       .  . 

Poultry  yard 

Practical  gcomctiy 

Present  worth  of  an  estate,  lease,  or 
annuity,  for  any  number  of  years 
certain  and  in  perpetuity,  at  the 
several  rates  of  iniercet  which  a 

Eurchaser  may  thereby  make  of 
is  money ..... 
Present  worth  of  property  held  on  a 
eingle  life,  as  of  a  person  in  pxia- 
ee&eiou  of  a  living  ur  beneiicc,  or 
the  holder  of  a  lease,  estate,  or 
annuity,  according  to  the  Nor- 
tttampton  table  of  viorlulity  . 
Present  worth  of  property  held  on  a 
single  life,  as  of  a  person  in  pos- 
session of  a  living  or  benefice,  or 
the  holder  of  a  lease,  estate,  or 
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annuity,  according  to  the  Carlitle 
table  of  mortality  , 

Piesent  worth  of  an  estate,  annuity, 
or  a  lease  on  two  joint  lirea,  ac- 
cording to  the  Northampton  table 
of  mortality       .       .      .  . 

Present  value  of  an  estate,  annuity, 
or  a  lease,  held  on  the  longest  of 
two  lives,  calculated  according  to 
the  Northamptm  table  of  moTtality 

Preeeut  worth  of  an  estate,  aoauity, 
or  a  lease,  held  on  the  longest  of 
three  lives,  according  to  the  Nor- 
thampton table  of  mortality  . 

Present  value  of  the  perpetuity  of 
one  year's  rent  or  fine,  payable  at 
intervals  of  years 

Preisent  value  of  the  reversion  to  a 
IVeehold  estate,  or  a  perpetuity, 
after  any  given  number  of  years 
not  exceeding  sixty  . 

Present  value  of  a  revei'sionary 
estate  in  fee  after  the  life  of  a 
person  of  a  given  age,  at  the 
several  rates  of  3^  4^  6^  6^  L  and 
g  per  cent,  interest 

Present  value  of  a  reversionary 
estate  in  fee  after  the  longest  of 
two  lives  of  given  ages,  at  the 
several  rates  of  3^  4^  6^  and  per 
cent,  interest  .... 

Present  value  of  a  reversionary 
estate  or  annuity  on  a  single  life, 
after  any  other  s'ligle  life  now 
in  possctsion,  at  the  several  rates 
of  3^  4j  5j  and  6  per  cent,  in- 
terest   

Present  value  of  a  reversionary  an- 
nuity on  a  single  life,  to  be 
nominated  at  the  death  of  a  per- 
son now  in  possesBion,  at  the 
several  rates  of  3^  4^  6^  and  6  per 
cent,  interest  .... 

Present  value  of  £1,  payable  at 
the  death  of  a  person  of  a  given 
age   .      .       •      .  • 

Price  of  young  woods  . 

Prices  of  builders'  work 

 materials  for  drainage  and 

water  supply 

Primogeniture      .       .  . 

Prismatic  compass       «  « 

Private  roads  . 

Proof  of  first  fotu-  rules  of  arith 
metic       .      •      •  • 

Properties  of  numbers  .  . 

Prospective  view  of  fanning  opera 
tions  .       .       .       ♦  ♦ 

Protractor,  circular      .  I 

—  ^  semi-circular  • 

Provision  of  water        .  ♦ 

Puddle  

Pumps  

Purposes  of  outlay       .  * 
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487 
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Quadrilaterals  and  polygons  . 
Quality  of  copper  . 
 iron 

 stone-ware  drain  pipes 

 water  .      .  . 

Quantity  of  bricks  . 
— — — —  le^    .       .  « 
water  . 


Quantities  in  brick- work,  &o. 
Quitting  and  entering  farms 

B. 

Rack  rents  .  *  .  . 
Railway  .... 

cuttings  and  embankments, 


methods  of  computing  the  con 
tents  of    •      .  • 
Rdlway  surveying 

 works,  tender  for 

Railways,  rating  of 
Bain  fall 


gua] 


Rating  of  railways,  gas,  and  water 
works      •      •      .  . 

Receipts,  form  of  . 

Kecovcry  oi  possession  . 

Rectangles,  right  lines,  and  angles 

Reduction  of  vulgar  fractions 

 Decimals  . 

Reference  to  maps,  collected  . 

  numerical 

ReiVaction  and  curvature  of  the 
earth,  tables  of  . 

Refraction  and  curvature  of  the 
earth,  the  use  of  the  tables  of 

Refraction  of  the  sun  and  stars,  ta- 
bles of      ...  . 

Refraction  of  (Ke  sun  and  stars,  the 
use  of  the  tables  of  . 

Regulations  on  land 

Relative  gradients,  table  of  . 

Remarks  on  the  coustruction  of  farm 
buildings  .... 

Rents  must  be  equitable 

Rent  defined 

  of  lands       .       .  . 

—  of  woods  ... 

  roll      •      .       .  . 

 tends  to  rise  rather  than  Ml 

  upon  bricks  . 

Reserved  capital  of  fanners  . 
Reservoir  .... 

 specification  for  . 

Residence  of  land  agent  > 

Rcstrietions  in  farming  . 

Right  lines,  angles,  and  their  rect 

angles  .... 
Rights  of  land      .      .  • 
Risk  uf  mining     .  . 
Rivers  ..... 
Roads    *      ,      .       .  . 
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in  mines 
—  woods 
on  farm 


 to  be  provided 

under  the  agent's  care 


Boaddde  fences 
Roman  cement 

Root  crops  . 
Rotation  of  cn^ 

Eoyalty 

Rubble .      .       .  - 
Rules  of  management  of  a  farm 
Rutlandshire,  agricultural  custom  of 
Ryde's  Hydraulic  tables,  synopsis 

of  second  edition  of  . 
Ryde's  hydi'aulic  tables,  specimen  of 


S. 


Salary,  fixed  of  a  land  agent . 
Sale  by  auction,  conditions  of  salo 

of  freehold  property  . 
Sale  by  auction,  conditions  of  sale 

of  leasehold  property 
Sale  by  auction,  conditions  of  sale 

of  goods  .... 
Sale  by  auction,  agreement  . 
Sales  of  timber     .      .  . 
Sawyers'  work      •  • 
Scorching  soils 
Screw  cock  and  hydrants 
Seams  of  coal 

Seasons  of  watering      .  . 
Section,  working  .  . 
Security  the  basa  of  farming  . 
Seeded  crops .... 
Semi-circular  protractor 
Sets  of  thorns  laid  on  turf 
Setting  out  centre  line  of  railway 

 curves 

■  —  tables  for . 


Setting  out  elopes 


specimen 


field 


book  . 

Setting  out  elopes,  tables  for  . 

  widths  of  railways 

canals,  &c.  ... 

Settlements  made  by  the  lease 

Sewerage  of  towns 

  drainage,  and  water  sup- 
ply of  towns  ... 

Sewers  .... 

 cleansing  dT  . 

■  form  of 

Sewer  gratings 

Short  tenure  for  rich  lands 

Shropshire,  agricultiu'al  custom  of 

Simple  principles  of  embanking 

Single  cottages  useful  . 

Size  of  drains      .       .  450-452-456 

'  farms  various    .  .  241 

-        water  mains  and  pipes      .  4M 
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Skewbacks  .... 
Slaters'  work  . 

Skje  

Slope  of  banks  -   .  . 

Slopes   

Social  position  of  an  estate  . 
 policy  necessary  in  the  man 

apeinerit  of  an  estate  , 
Socket  pipes         .       .  , 
Soffits  of  arches 
Soles  for  sands  and  gravels  . 
Solid  geometiy 

 •  measure,  tables  of 

Solids  and  planes  .      .  . 

 mensuration  of  . 

Somerao  tshire ,  agricultural  custom  of 
Sowing  of  wheat  . 
Spandnl  of  arches  . 
Spandrils,  abutments,  and  wings 
Specialties  of  a  lease 
Specification  for  construction  of 

railway  works  . 
Specification  for  iron  socket  pipes 

and  castings 
Specifications  for  pipe  laying 

 i-eservoir  . 

Specifications  for  stone-ware  drain 

pipes   

Spirit  level  .... 
Springs  and  artesian  wells 

■       of  water  intercepted  . 
Spring  ploughing  .      .  • 
Square  root,  extraction  of  » 
Stables  ..... 
Statibrdshirc,  agricultural  custom  of 
Stamp  duties 
St.'inding  orders  . 
Sterile  clays         .  , 
Stipulations  of  a  lease  . 

Stone   

 imposts 

 jettiea        .      .  • 

Stonemasons'  work 
Stone-ware  drain  pipes,  specification 

for  

Stone-ware  drain  pipes,  quality  of 

 •  tender  for 

Stones  for  filling  trenches 

 how  used  . 

Storage  reservoir  . 
Straight  courses  of  water  * 
Stretch  of  primogeniture 
String  courees  and  coping 
Subterranean  sui-vey  of  the  me 

tropolis  .... 
Subtraction  of  vulgar  fractions 

 proof  of     .  • 

Suceopsion  in  a  fann  lease 
Sud'olk,  agricultui'iil  custom  of 
Sunk  fences  .       .      •  « 
Sun's  declination,  tables  of  . 
 the  use  of  the  ta- 


bles of  .... 
Superfices,  mensuration  of  . 
Superficial  or  fiat  measure,  tables  of 
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Supply  of  water    .       .      .      .  ifil 

Support  of  buildings     .      .      .  S8& 

Surplus  earth       ....  481 

Surrey,  agricultural  custom  o(      .  628 

Surveying,  colonial       .      .      .  421 

—             land    .       .      .      .  2aZ 

—             paiishes  and  estates     .  25a 

■-  railway       .      .      .  333 

 traverse       .      ,      .  280 

 trigonometrical   ,      ,  211 

Survey orship  of  roads    .      .      ,  24fi 
Surveys  and  maps  for  sanitaiy  pur- 
pose*   ML 

Sussex,  agricuUxural  custom  of     .  6M 

Swedish  turnips  ....  2Qa 
Synopsis  of  second  edition  of  Ryde's 

hydraulic  tAbles       .      .      .  4M 

T. 

Tables  for  computing  areas  .      .  33Q 

 measuiiiig  liiiy  ricks      .  (v^ 

 valuing  hay  l  icka  .      .  MS 

 setting  out"  curves  .      .  SfiQ 

 setting  out  slopes  .       .  375 

Tables,  hydraufic,  synopsis  of  2ud 

edition  of  443 

Tables,  hydraulic,  specimen  of     .  iil 

 mathematical,  use  of .      .  Ifi 
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SIR  JOHN  RBNNH'S  WORK 

OK 

THE  THEORY,  FORMATION,  AND  COXSTRUL  liUN  Ui  BRITISH 


AND  TOREIGN  HARBOURS. 


Copiotts  explauatory  text,  iUiutrattd  by  numerous  ev  i  ii 


The  history  of  the  mott  andeDt  maritime  nations  affords  condnaiTe  eTidcnce  of  the 
importance  which  they  attached  to  the  cmistmction  of  secure  and  ext^siTe  Harbours,  as 

indispensably  necessary  to  the  extension  of  commerce  and  naTigation^  and  to  the  successful 
establishment  of  colonies  in  distant  parts  of  the  globe. 

To  this  important  subject,  and  more  especially  Tvith  reference  to  the  vast  extension  of  our 

commerce  \\'\\\\  foreign  uatious,  the  attention  of  the  British  Govenimcnt  has  of  late  years  been 
vvoi  Lhiiy  directed ;  and  as  this  may  be  reasonably  expected  to  enhance  the  value  of  any 
information  which  may  add  to  oui"  existing  stock  of  knowledge  In  a  departtnent  of  Civil 
Engmeering  as  yet  but  imperfectly  understood,  its  contribution  at  the  present  time  may  become 
generally  useM  to  the  Engineering  Profession. 

The  Plates  are  executed  by  the  best  mechanical  Engravers;  the  Views  finely  engraved  under  the  directum  of 
Mr.  Fye :  all  the  Bngineering  Plates  bave  <Hmenrioa»»  with  eveiy  esplanalory  detail  for  ptoHutioiuil  use. 

The  foUounnij  is-  a  li.\t  of  the  Suhjects  engraved: 


Moi.E|  Harbour,  and  Bak^kwateh  of  Cbsrboubg, 

-with  ^taib.   5  plates. 
Yiews  of  the  Boyai.  Dookyasa  at  Shsssnbss.  4 

pistes. 

Harbour  and  Town  of  Shxbrkbss,  stoie.honses,  &c. 
2  plates. 

Graving  and  other  doeks»  with  detaiit»  pmnping  eugiueii, 

and  machinery,  at  StrKKRXESs.    11  platps. 
Chatham  Dockyard  and  the  River  Medway. 
Proposed  NoRTanssT  Docks. 
PoRTiMoiiTH  Doob:yard  and  Harbour.  2  plates. 
Wooi.wicH  and  Dbttforo  Dockyards. 
General  view  of  Pia  mouth  and  Dsyokfort. 
Chart  of  PJ.YMOUTB  Soumb. 
Dbvomtort  and  Kbyham  Dockyards. 
Devovfort  and  Pbmbroke  Dockyards. 
View  and  plans  of  the  Vioyuajulikq  Establis.hme.nt> 

at  Plymouth.  2  plates. 
Kawsgate  IIarboub,  plans  and  sections,  lock-gates, 

slips,  cngine.honte»  ana  workshops,  fiplates. 
3D  V  r  i  Harbour  at  various  periods*  and  Haibonr  of 

Ketuge.   4  plates. 
Xkwh  AVBN»  Ryb,  and  Shorbham  Harbours. 
Ill  (  I.  Docks  and  HarbOuiu 

iiRlDLlNOTON  UaRSOUB.. 

Soarborouoh  Harbour.  2  plates. 

HAXTI.BPOOI.  Bay,  HarbovRi  Docks,  and  Look- 

GATBS.   16  plates. 
Cork  Harbour  and  ^Iilford  IIavkn. 
SuNBERLAND  Uarbodb,  and  driving  piles  and  dredg- 

ing.  3  plates. 
Mouth  of  the  River  Tvxe. 

Lbitb  Docks,  harbour,  pior,  Martello  tower,  and  ware* 

houses.  4  plates. 
Bbrwxck  Habboor. 
Bbu.  Rock  LieirrHouaK. 

To.WN  and  IlARaot  K  of  PBTBaHBABIt  Snd  pvCqpOMd 

harbottr  of  Fraserburgh. 
Gbbat  GaiHSBY  Docks  sad  Vharfr. 


Bay  of  .\ror.ossan,  proposed  doeks  OA  the  Broomie- 
law,  an(i  Guek.vock  HarboUB* 

Pout  Patrick  HARBorR. 

Do.VAUUADEE  HaRUOUR. 

Town  and  Harbour  of  Bei,fa8T. 
Carricktbrous  Harbour. 
DusLiK  Bay. 

Douglas  Harbour,  Isle  of  Man. 
KiiiesiowN  Uarboub* 
HowTH  Barbour. 
Holyhead  Harboux. 

ABERXJEliN. 

Holyhead  and  PoRTliAND. 
Harbours  of  the  Dbb  «id  Mbrsby. 

LiVBRPOOL. 

Whitrhaven. 

D&UAWABM, 

PoifTA-DBI.OABOA. 

Yarmouth,  Harwich,  and  LowBSTorr. 

Venice.   3  plates. 

AHooyA,TABBMTUM,  ANTiUM,BatMPisi,and  Malaba. 
Naplbs. 

Mbsstka  and  Syracusb. 

Port  Pbir.sus. 

E&INA,  GuUUBi.A,  StaMCUIO,  SUd  BOUBOA002{. 

TuKts,  SiooK,  and  Tyrb. 

Palermo  and  Girgenyt. 
Gknoa  and  Civita  Ybcohia. 
C  alais  and  Dunkuuc. 
Brest. 

Carlscbona  and  Coiemhaobn. 
Cadiz. 

Toulon  and  Marsbuxbs. 
Corubwa  and  Fbrrol. 

Havre  and  Dieppb. 
Cartaobma  aud  Crtb. 
Ajuoibrs. 

CROKSYABr. 

Dunpbb,  &c.  &C; 
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TliBDGOLD  ON  THE  STEAM  ENGINE. 

PobUshed  in  7l  Parts,  price  2s.  Gd.  each,  in  4to,  illustrated  by  very  numerous  engravings  and  wood-cuts,  a  new  and 
much  CTtended  editioa,  uow  complete  ia  S  voU.  bound  ia  4,  in  elegant  lial£>iaoroccO|  price  Hiuc  Guinm  and  a 


Halt 


THE  STEAM  ENGINE, 


|TS  PROGRESSIVE  AND  PRESENT  STATE  OF  IMPROVEMENT; 

Practically  auiT  amply  eliicidatins:,  in  every  detail,  its  inoJifications  and  applications,  its  duties 
and  consiimyifidTi  oT  Iupl  with  .ni  in-ViTsti Ration  of  its  principles  and  the  proportions  of  its  parts 
for  efficieucy  and  streiigtii ;  jiucluding  examples  of  liriusii  and  American  recently  constructed 
engines,  witti  details,  drawn  to  a  large  scale. 

The  -well-known  and  highly  apjpreciated  Treatise,  Mr.  Tredoold's  national  Work  on  the 

Steam  £ngine,  founded  ou  scientific  principles  and  compiled  from  tlie  practice  of  the  best 
makws— showing  also  easy  rules  for  construction,  and  for  the  calculation  of  its  power  in  all 
cases — has  commanded  a  most  extensive  sale  in  the  several  English  editions,  and  in  Translations 
on  the  Continent.    These  editions  being  new  out  of  print,  the  proprietor  has  been  induced  to 

enlarge  and  extend  the  present  edition  by  practical  examples  of  all  kinds,  with  the  most  recent 
improTcments  in  the  construction  and  practical  operations  of  the  steam  engine  both  at  home  and 
abroad. 

The  work  is  divided  into  the  sections  named  below,  either  of  which  may  be  jpurehated 

wparafehf  •  working  engineers  will  be  thus  enabled  to  select  those  portions  which  more 
especiaUj  apply  to  the  objects  upon  which  they  may  be  respectively  employed. 

Several  scientific  men,  extensively  and  practically  employed,  nave  oontributed^  origmal  and 
really  practical  papers  of  the  utmost  utility ;  by  which  the  value  of  this  extended  edition  is  much 
increased.  A  copious  Index  for  reference  is  added. 

Division-  A.  l  ocomotive  Engines,  41  plates  and  55  wood«catS|  complete,  making  Vol.  I.    In  lud^Jiioiooeo 

binding,  pice  £2.  12*. 

OmaiOM  B.  Marine  Enginea.  British  and  American,  nomerons  plates  and  woodcuts,  making  VoL  II.}  bound  in 

2  vols,  balf-morocco,  price  £3.  IZs.  6d. 

Division  C  to  G.  making  Vol.  ilL,  and  oompletiog  the  work,  comprising  Stationary  Enginea,  Pumping  Engines, 
Bngioes  for  Mills,  and  several  ezamplea  of  Boilers  employed  in  the  Britisli  Steam  Navy,  in  balf>inoiocoo, 
price  £3. 13#.  Gd, 


LIST  OF  PLATES.  DIVISION 

£levation  of  tlie  8.wheeled  iooomotive  engine  and  tender, 

tlub  Inoif  Dvu,  on  the  Great  YTestem  Bidlway. 
Longitudinal  secUon  of  ditto. 

I'lan,  ditto. 

Transverse  sections,  ditto. 

Details  of  ditto:  transverse  section  through  vrorldng 
gear,  transvene  section  and  end  view  of  tender;  pton 
and  Section  of  feed-pump;  plan  and  elevatioii  of  hand- 
pump ;  details  of  inside  framing,  centre  axle,  dririjig 
a^-hox,  reguktion-valve,  centre>beam  stay,  &c. 

Bkvation  of  Crampfeon's  patent  locomotive  engine  and 
tender. 

lon^tudioftl  leciioa  of  ditto. 
Plan  of  ditto. 

Transverse  sections  of  ditto. 

Elevation  of  the  Pyracmon  six-'whssled  gOOds*  CDgiae 
on  the  Great  Western  Eailway. 

Half-plan  of  the  woslung  gear  of  ditto. 

Elevation  of  a  portion  of  the  Tvorking  gear  of  ditto. 

Diagrams,  hy  J.  Sewell,  L.  £.,  of  resistances  per  ton  of 
the  train;  and  portion  of  engines  of  the  class  of  the 
OasAT  BnrrAiir  locomotive,  including  tender,  with 
Twious  loads  and  at  various  -velocities ;  also  of  the 
additional  '(:.iii:aricf-  iii  Its,  j.»^r  t'.in  of  trsin,  when 
the  engine  is  loaded,  to  be  added  to  the  resistance  per 
tos  ef  the  engine  and  tender  when  unloaded. 

Side  and  front  elevation  of  an  expre-^s  carriage  engine, 
iatroduced  on  tiie  Eastern  Counties  Kauway  by  James 
Samuel,  C.E.,  Besident  Engineer. 

Longitudinal  and  cross  section  of  ditto. 

Fhm  of  ditto ;  with  plan  and  section  of  Qiindera,  detaOs 
and  lectionsi  ^ton  full  size. 


\. — LOCOMOTIVE  ENGINES. 

Elevation  of  the  ontside-cylinder  tank  eugioe  made  by 
Messrs.  Sharpe  Brothers  &  Co.,  of  Manchester,  tor 
the  Manchester  and  Birmingham  R8il  v\  a?. 

SecUon  of  cylinder  and  other  parts,  and  part  eievatiou 
of  ditto. 

Longltndinal  section  of  ditto. 

Plan  of  ditto. 

Transverse  sections  of  both  ends,  ^nth  sectional  parts. 

Mr.  Edward  Wood's  experiments  on  the  several  sections 
of  old  and  modem  vidves  of  locomotive  engines,— viz, 
fig.  1,  stroke  commences;  fig.  2,  atewn^poit  Oipcn; 
fig.  3,  steam -poit  open  ;  fig.  4,  steam -port  open  {fig,  5, 
Stroke  completed,  steam  cut  off,  exhaustion  com- 
mences ;  fie:.  6,  stroke  commences i  fig.  7,  steam-port 
fhU  open  r  i>g-  B,  steam  cut  c€;  fig.  9,  eshsastloa 
commences;  fig.  10,  steam  completed. 

Ditto,  drawn  and  engraved  to  half-siM :  fig.  1,  old  valve, 
^ineh  lap;  %  2,  f-inelk  Up;  fig. 3,  |4nch  lap; 
fig.  4, 1-inch  lap,  Gray's  patent]  fig.  fi,  1-iMhlap. 

Elevation  of  a  sL^^-wheelcd  locomotive  engine  and  tender, 
No.  15,  constructed  by  Messrs.  Taylcnr,  "Vulean, 
Fonndi^i  Wttiington,  wt  the  Caledonian  Kailvaj. 

Longitudiiud  section  of  ditto. 

Plan  of  ditto,  engine  and  tender,  vriftt  cyUadrieal  part 
of  boiler  removed. 

Elevations  of  fire-bos,  section  of  fiie^bcac,  seetion  of 
smoke-box  of  dittOk 

Elevations  and  sectional  parte  of  iilAo, 

Sectional  parts,  hah'-plan  of  working  gear,  ditto. 

Elevation  of  Messrs.  Robert  Ste|^«aaon  and  Co.'s  sis* 
wheded  patent  locomotive  engine  and  tender. 

Longitudinal  section  of  ditto. 
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TREDGOLD  ON  THE  STEAM  ENGINE. 

Plan  aad  detiils  of  StepUeasou's  pateat  engine.  I  KleAatiou  of  the  locomotive  engine  aud  tetider,  Pi.sTVfi, 

Section  of  Hve-box^  seedon  of  amcke-bcs,  front  ud  bade  I     adapt«d  j^r  liigh  speeds,  constructed  by  Messrs.  R.  & 

elevation?  of  the  isame.  Hawthorn,  of  Ne-n-ca?>tle-upon-Tyne,  for  the  York» 

Plan  of  a  six-wheeled  engine  on  the  Birmiogfaain  and  Newcastle,  and  Bei  wick  Railway  Company. 

Shrewsbury  Railway,  constructed  I17  Messn.  Bury,  Longitudinal  section  of  ditto.   This  section  is  through 

Curtis,  and  Kennedy,  Liveipool.  the  fircobox,  boiler,  and  snoke>box»  showing  the 

Lougitudinal  section  of  ditto.  tubes,  Ntfety.TstlTe,  wKistlee,  steam  and  Uaat  pipes,  ttc. 

Sectional  elevatioii  o(fhp  smokp-box  of  ditto.  Plan  of  ditfo. 

SeeHoml  deration  of  tUe  ilre-box  of  ditto.  ^y^^  oithe  working  gear,  detMlii  dec.  &e, 

Forty-mte  plates  and  fifhf-fim  wood  engravings. 
DIVISION  B. — UARINS  SNGINX8,  &C. 


Two  plates,  comprialiig  figures  1, 2,  and  3,  Properties 
of  Steam. 

Plan  of  H.  M.  seiew  steam  fiigate  Bauvtless,  eon- 

structed  Inr  Bobert  Napier,  Esq. 
Longitudinal  elflintion  and  trans varse  section  of  ditto. 
Longitudinal  section  at  A  B  on  plan,  longitudinal  section 

at  CD  on  plan  of  ditto. 
Bngpnea  of  H.M.  steam  ship  TeBitint.c,  eonstracied  by 

Messrs.  Maudslay,  Sous,  and  Field,  on  tlic  donl.tle- 

cylioder  principle.  Longitudinal  sections  of  engines. 
Transverse  section  and  end  view  of  ditto, 
TraTi<;yf>^?p  "^ection  through  boilers  of  ditto. 
Plan  ot  engiues,  iihowing  also  bunkers,  paddies,  (S:c. 
Oscillating  engines  of  the  Peninsular  and  Oriental  Com- 

pony's  ateam  Teasel  Ambl,  eonatructed  I17  Jobn  Peon 

and  Sons.  Longitudinal  section* 
Section  at  engines  of  ditto. 
Section  at  boiler  of  ditto. 
Plan  at  bofler  of  ditto. 

Section  at  air.pnrop  aeetion  at  cylinder  of  ditto. 

Annular  cylinder  engines  of  the  iron  steam  vessels  Prtn. 
CK8S  M.'kRY  and  Princkss  Mal  de,  constructed  by 
Maudslay,  Sons,  and  field.   Longitudinal  section. 

Transverse  section  at  engines  of  ditto. 

^•"ction  at  boilers  of  ditto. 

i'laii  of  engines  of  ditto,  showing  bunkers,  paddles,  6lc. 
Plan  of  enginea  ol  H.  M.  steam  vessel  Simoom,  con^- 
atrueted  by  James  Watt  &  Co.,  of  liondon  and  Soho. 
Longitudinal  section  of  ditto. 

Cross  section  of  ditto. 

Engine  of  the  Red  Rovnn,  side  view  and  plan. 

Longitudinal  section  of  ditto. 

Cross  sections  of  ditto. 

Sheer  draught  and  plans  of  vessel. 

Plan  of  the  engine  of  II.  M.  steam  frigate  Phsnix. 

Longitudinal  section  of  engine  of  ditto. 

C^a  section  of  ditto. 

Engine  of  the  Ruby  steam  vessel,  elevation  and  plan. 

SfaMT  diauglit  and  plan  of  vessel. 

Plan  of  engine  of  tne  WiLnnnFoncB,  Hall  and  London 

Cross  section  of  ditto  and  vessd. 

Longitudinal  section  of  en^ea  of  ditto* 

Elevation  of  eamnea  of  ditto. 

Engines  of  the  Bbrknxcb,  Hon.  E.  I.  Ca's  steam  vessel 

Section  of  ditto. 

Sheer  draught  aud  plan,  stern  view,  aud  body  plan  of 
vessel. 

View  of  tiie  BnnsNiOB,  whilst  at  sea. 

Boilers  «FILM.s]iip8Bsniu8,  SFinnn8,andFknBFi,Y. 

Kingston's  valves,  as  fitted  on  board  sea-going  vessds 

for  blow-oft"  injection,  and  hand-pump  sea  valves. 
Boilers  of  II.  M.  steam  vessel  African. 
Morgan's  ]  a  l  i:  -wheels,  as fitted  in  H.M.  S.  MnoEA. 
Side  elevation  oi  ditto. 


Plans  of  upper  and  lower  decks  of  ILM.S.  MnoBA. 
Sheer  di'aught  and  profile  of  ditto. 
MoTgan  and  Seaward'a  paddle>wheels,  comparatively. 
Positions  of  a  float  of  a  radiating  paddle-wh^el  in  a 

vessel  in  motion,  and  positions  of  a  float  of  a  verti^ 

caUy  acting  wheel  in  a  vessd  in  motion. 
Cycloidal  paddle>wheds. 
Sailing  of  steamas  in  five  points  from  courses. 
ExperiiDcntal  sf  earning  and  sailing  of  tlie  Caxboomia, 

Vanguajeld,  Asia,  aud  MansA. 
Engines  of  H.  VL  steam  ship  Mxoaba. 
Eue;ine  of  the  steam  hoat  New  World,  T.  F.  Scror& 

Co.,  Engineers,  New  York.    Elevation  and  section. 
Elevations  of  cylinder  and  crank  ends. 
Steam  cylinders,  plana,  and  aectiona. 
Details. 

Several  sections  of  details* 
Details  and  sections. 
Detuls  of  parts. 

Plans  and  sections  of  condenser,  bed>plates,  dr-pump 

bucket,  &e. 
Details  and  sections,  injection \alvcs. 
Details,  plan  and  elevation  of  beams,  &c 
Details,  sections  of  parts,  boilers,  &c.  of  the  steam  boat 

Nrw  WnRi.T). 
Sections,  details,  and  paddles. 
Engines  of  the  U.  S.  mail  steamers  Ohio  and  GnonoiA. 

Longitodinal  section. 
Elevations  and  cross  sections  of  ditto. 
Details  of  stcam-chests,  side'pipee,  valves,  and  valve 

gear  of  ditto. 
Section  of  valves,  and  plan  of  piston  of  ditto. 
Boilers  of  ditto,  sections  of  ditto, 
Engine  of  the  U.  S.  steamer  Water -Witch,  Sectional 

devation. 
Steam-chests  and  (flinders  of  ditto* 
Boilers,  sections,  &c  of  ditto. 
Boilers  of  the  U.  S.  steamer  Powhatan. 
Pront  view  and  sections  of  ditto. 
Elevation  of  the  Pittsburg  aud  Cindnnati  American 

padcet  Buckeye  Statb. 
Bow  view,  stern  view. 
Plan  of  the  Bock  eve  Stam.. 

Modal,  &c.  of  ditto,  wheel-house  frame,  cross  section  at 

wheel>hoase,  and  body  plan. 
Plan  and  side  elevation  of  ditto. 
Slkeer  draught  and  plan,  with  the  body  plan,  of  the  U.S. 

steam  frigate  Saraxac. 
Longitudind  section  of  ditto,  cross  section. 
Engines  of  the  U.  S.  steamer  SusauBHANNA. 
Elevatioti  of  the  U.  S.  PACIFIC  Steam  packet  engine. 
Plan  of  ditto. 

Boilers  of  ditto,  end  ^ews. 
Ditto  ditto. 


Sffhijf'five  engravings  and  Jiftg-one  wood-ctits. 
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DIVISION   C.  TO  C, 
STATIONARY  £NCrINES»  PUMPING 

Sicle  clevatioa  of  pumping  engine,  U.  S.  dock,  I^ew  York.  | 
Bnd  devation  of  ditta. 

Elevation  and  section  of  the  pumps,  ditto. — 2  plates.  ' 
Boilers  of  pumping  engines,  ditto. 
Boilers,  Details,  &c.  of  pumping  engines,  ditto. 
Plan  of  tlie  boilers,  ditto. 
Isoroetricai  projection  of  a  rcctaxigular  ijoiler. 
Plan  and  two  sections  of  ft cyllnddcal  boiler. 
Oruutou's  apparatua  tor  fieeding  fiirnace-fires  ^^y  means 
of  machinecy. 

Parts  of  a  bigh-pre&sure  finginc  witU  a  4 -passaged  cock. 
Section  of  a  double-acting  condensing  engine. 
Section  of  a  common  atmospheric  engine. 
On  the  construction  of  jilstons. 
Section  of  steam  pipes  and  valves. 
Apparatus  for  opening  and  do^ng  Steam  passages. 
Parallel  motions. — 2  plates. 
Plan  and  elevation  of  an  atmospheric  engine. 
Elevation  of  a  single-acting  Boulton  ai^T  Watt  en^e. 
Double-acting  engine  for  raising  water. 
Doable-acting  en^ne  for  impelling  machinery. 
Maudslay's  porti&Ie  condensing  engine  for  impclUng 
macliiuery. 

Indicator  for  measuring  the  force  of  steam  in  the  cylin- 
der, and  diagrams  of  fSoirms  of  tcsscIs. 
Section  of  a  steam  vessel  with  its  boiler,  in  two  parti— 

diagram;;  sliowing  firc-placfs — longitudinal  section 

through  boiler  sind  fire-places. 
Isonietrical  projection  of  a  steam-boat  engine. 
Plan  and  section  of  a  steatn-boat  onginc. 
Ten  iiorse-power  engine,  constructed  by  W.  Fairbaini 

and  Co.— 4  plates. 
Forty-five  horse-power  en^e,  constructed  by  W.  Eair- 

balm  &  Co.— 3  (dates. 
Plan  and  section  of  boiler  for  a  20-horse  engine,  at  the 

manufactory  of  Wlutworth  &  Co.,  Mancbester. 
Messrs.  Hague's  double-acting  cylinder,  with  slides,  &c. 
Sixty-fivc-incb  cylinder,  erected  by  Maudslay,  Sons,  and 

Kcld,  at  the  Chelsea  Water-works. — 5  plates. 
Beale's  patented  rotary  engine. 
I>ouble-story  boilers  of  H.M.S.  Dsvabtatiok,  400  U.  P. 
Befrfgerator  feed  and  brine  pumps. 

Feed  and  bilnc  apparatus,  as  fitted  on  board  tho  "Wcst 

India  Royal  Mail  Company's  ships. 
Boilers  of  H.  M.  ateam  sloop  BAaitisK,  400  H.  P.  [ 
Boilers  of  the  Sixgapors,  470  II.  P.,  Peninsular  and  | 

Oriental  Company.  I 
Original  double-story  boUers  of  the  Great  Westbrk. 
Teleaeopic  chimney,  or  sliding  funnel,  of  H.  M.  ship  ■ 

Htora,  220  H.  P.  i 
Seaward's  patent  brine  and  feed  valves.  I 
Boilers  of  H.  M.  mail  packet  Unj>ins,  (Miller,  Raven-  ' 

hUl,  &Co.)100H.P.  I 
Cross  sections  of  engines  of  H.  M.  mailpacket  UMDiys. 
Longitudinal  elevation  of  ditto. 
Brinc-pumps  as  fitted  on  board  H.M.S.  Mbdba,  220 

H.  P.  ( M aitdslay,  Sons,  and  Field.)  > 
Boilers  of  H.  M.  S.  HtdKa,  220  B.  P. 


^OI^^flNG  vol.  tit. 

ENGINES,  lilAKINE  BOILERS,  &C. 

Plan  of  the  tour  boilers,  with  the  sopplementary  steam- 
diests  and  shnt-olT  valves,  of  the  Avsngbb. 

Boilers  of  H.  M.  steam  slilp  Niobr,  400  H.P.»  fitted  by 

Maudslay,  Sons,  and  Field. 
Experimental  boiler,  Woolwich  Yard.    [Sons,  and  Field.) 
Boilers  of  S.  Tkiiriblh,  800  H.  P.  (Maudslay, 

Boilers  of  the  Minx  and  Te.vser,  100  II.  P.  (trans- 

ferred  to  Wasp.) 
Boilers  of  the  Samson,  450  H.  P. 
Daniel's  pyrometer,  full  size.  [and  Field.) 

Boilers  of  tbe  Dkspkrate,  -100  11.  P.  (Maudstay,  SoUS, 

Boilers  of  the  ^(IG£R  (2nd  plate). 
Boilers  of  H.  M.  S.  Basilisk  (2nd  plate). 

Boilers  of  the  Unpint. 

Boilers  of  the  Royal  Mail  steam  ships  .\.sfA  andApRicAi 
768  H.P.,  constructed  by  R.  Napier,  Glasgow. 

Longitudinal  and  midship  sections  of  ditto. 

Boilers  of  H.M.S.  La  Hooub,  450  H.P.  (Seaward  &  Co.) 

H.  M.S.  SrnoN,  560  H.  P.    Plan  of  tdesoope  funnel. 

Boilers  of  U.  M.  S.  Bjusk,  250  H. P. 

Copper  boikn  for  H.M.S.  SAitsPABSii.,  350  H.P. 
(James  Watt  Sr  Co.) 

American  marine  boilers,  designed  and  executed  by  C. 
y/.  Copeland,  Esq.,  of  New  York,  as  fitted  on  board 
the  American  padcete. 

Midship  section  of  the  hull  of  the  steam  packet  Paci- 
TMc,  New  York  and  Liverpool  line. 

Elevation  of  pumping engiucs  of  the  N<'\v  Orleans  \\  ater- 
works,  U.S.,  arranged  and  drawn  by  E.  W.  Smith, 
Engineer,  constntcted  at  the  Allaire  Works,  New  York. 

Elevation  of  pumps  and  valves,  chests,  gearing,  &e. 

Elevation  at  steam  cylinder  end. 

General  plan  of  a  turbine  water- wheel  in  operation  at 
Lowell,  Massachusets,  U.  S.,  by  J.  B.  ftands,  C.  B. 

Elevation  of  ditto.  Section  of  ditto. 

Plan  of  the  floats  and  gtiide  curves,  ditto. 

Large  self-acting  surfacing  and  screw-propeller  lathe, 
by  Joseph  Whitworth  &  Co.,  Manchester. 

Longitudinal  section,  showing  arrangement  of  engine- 
room  for  disc  engine  applied  to  screw  propeller,  and 
Bishop's  disc  engme,  by  G.  &.  J.  Rennie,  with  details. 

Arrangement  of  engine-room  for  engines  of  60  horse- 
power, for  driving  propellers  of  H.M.  steam  vessels 
lliiYNAJiD  and  CauiSER,  constructed  by  Messrs. 
Rennie.   Longitudinal  section  and  engine-room. 

Ditto.    Transverse  section  nt  Tioilers  and  at  engines. 

Very  elaborate  diagrams  showing  experiments  and 
results  of  various  paddle-wheels. — 8  plates. 

Steam  flomr-udlis  at  Smyrna,  constructed  by  Messrs. 
Joyce  &  Co.  Double  cylinder  pendulous  oondenring 
<'ngine,  side  elevation. 

Side  elevation,  horizontal  plan,  ditto. 

Longitudinal  section. 

Horizontal  plan  of  mill-house  and  boilers. 

Transverse  section  through  engine-house  and  mill. 

Boilers,  longitudinal  and  transverse  sections,  front  view. 

Section  through  mill-Stones,  dievation  of  upper  part, 
section  of  lower  part,  plan  of  hopper,  &c. 


SUMMARY  OF  THE  ILLUSTRATIONS. 

Vol.  1.  Locomotive  Engines       .      .      .      .  • 

II.  Marine  Engines  

IIL    Stationary  Engines,  Pumping  Engines,  Engines  for 
riour-Mills,  Examples  of  Boilers,  dec,  &c. 

Total  ... 


41 

5S 

85 

51 

100 

58 

226 

164 
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JOHN  WEALE'S 


A  NEW  SURVEY  OF  LONDON: 


Its  Antiquity,  History,  and  Architecture — Palatial  and  Eoclesiastkal  Structures — Public  Build- 
ings— and  its  Social,  Literary,  and  Scientific  TnstitiiHons — various  Galleries  of  Art — Paries, 
Pleasure  Gardens,  and  Consemtahes — Trade  and  Manufactures — Government  and  Municipal 
Arrangements — ^BaUways,  Canals,  and  Water  Supply— and  its  Geography,  Geology,  and 
Natural  History.  Itlnstrated  by  a  newly  constructed  whole  sheet  Map,  and  more  than  Two 
Hundred  finely  executed  Engrarings,  from  Original  Drawings  by  the  best  Artists^  of  the  most 
interesting  subjects  in  the  Metropolis  and  its  Vicint^e. 

Tbird  edition,  in  2  toIs.,  910  |>age»i  smdl  Svo..  in  doth  bowrds  letteredt  priee  lOt.  M.,  or  in  half-morocoo  elegant, 

14i.,  and  in  hOf-c^  gilt,  12*. 

The  foJhwing  is  a  litt  of  ike  Sll^eett  nur«  parHevIarh/  ir^atcd  of: 


i'hysical  Geography  of  the  fiasiu  of 
the  Thames. 

Climate. 

Geology  ef  the  water-eounee. 
Natniil  histtuy. 
Statiitiei. 

Spirit  of  the  public  joontals^The 

Times.' 
Legialatioo  and  government. 
Mnnicipal  aoangemente. 

I'olice. 

Postal  arrangements. 

Banldng. 

Assmanees. 

Dtities  on  articles  imported  into  Eng. 
land. 

Architecture  of  London>-its  history, 
ftc. 

Ancient  London. 

Temple  church,  St.  SavUnn's,  and 

other  ancient  churches. 
Westminster  Abbey  church. 
"Westminster  Palare. 
Westminster  Hall. 
Sepulchral  architecture. 
Tador  chnrehes. 
Ancient  churches. 
Modem  churches. 

Lincoln's  Inn  liaU,  and  tlie  other  ions 

of  court. 
St.  Patjl's  cathedral. 
Sir  Christopher  Wren's  churches. 
The  public  buildings  of  Inigo  Jones 

and  of  Sir  William  Cbamhers. 
Arts,  tnanufactorest  and  trade. 
Tahks  of  the  names,  actuaries,  and 

business  terms  of  the  several  as> 

surance  compenies. 
Asylums. 
Bank  of  England. 
Baths  and  wash-houses. 
Bazaars  and  sliow-rooms. 
Model  boildings  for  the  poor. 
Breweries. 


Bridges. 
Canals. 

Cemeteries. 
Club'houses. 
Colleges. 

Corporation  of  the  City  of  London. 
Customs,  doek  and  port  of  London. 

Royal  dockyards. 
Electric  telegraph. 
Education. 

Knginpflrs'  vrorkshop?. 
Sir  Thunias  Grcsham  and  the  Royal  j 

Exchange. 
Galleries  of  Pictures:  those  of 

Lord  Aahbnrton. 

Barbers'  Hall. 

J3riden-e]l  Hospital. 

ThomFis  Baring,  Esq. 

Society  of  British  Artists. 

British  Institution. 

British  M-asfum. 

Duke  of  Buccleuch. 
Chelsea  Hospital. 

Duke  of  Devonshire. 

G.  Tomhne,  Esq. 
Dnlwich  College. 
Earl  of  EUesmere. . 
Phondling  HospitaL 
School  of  Design. 
Greenwich  HospitaL 
Vernon  Gallery. 
CrosTCTior  Gallery. 
GuildhaU,  City. 
Hampton  Coart  Palace. 
T.  Holford,  Esq. 

H.  T.  Hope,  Esq. 
St.  .Tames's  Palace. 
KeHsingtoii  Palace. 
Marquis  of  Lansdoivne. 
National  Gallery. 
Nations!  Institution. 
Duke  of  Northumberland. 
Lord  Overstone. 
Mr.  Sheepshanks. 
Lord  Garragb. 


GaUeriM  of  Pictures :  those  of 
Earl  de  Grey. 
Earl  Nomanton. 
Sir  Bobert  Peel. 

Queen's  Gallery,  Bncldn|^iim  Fft. 
lace. 

Samnel  Rogers,  Esq. 

Royal  Academy. 
Society  of  Arts. 

Society  of  Faintem  in  Water  Co- 

loTirs. 
Duke  of  Sutherland. 
Lord  Ward. 
Duke  of  WdUngton. 
Whitehall  Chapel. 
Windsor  Castle. 
Gas-works  and  gas-lighting  in  Lon- 
don. 

Gardens,  eonserratofiea,  and  p«A«. 

Halls. 
Hospitals. 

Jews'  synagogues  and  schools. 
Learned  societies. 

Museums. 
Public  libraries. 
Lunatic  asylums. 
Markets. 

Mercantile  marine. 

Mint. 

Music,  opera,  oratorios,  musicsl  sode- 
ties,  «e. 

Ohservatoriea. 

Panor.imas. 

Patents  for  inventions  in  England* 
Public  and  private  buildings. 
Prisons. 

Railway  stations. 
Sewers  of  London. 
Thames  tnnneL 
Union  workhousp?;. 
Water  supply  of  London. 
Excursions  to  the  vicinity  of  London* 
Castle  and  stables  at  Windsor. 
Colleges  of  Cambridge  and  Oxford. 


In  one  large  Volume,  with  numerous  Tables,  Eugiaviugs,  and  Cuts,  price 

A   TEXT  BOOK 

For  Agents,  Estate  Agents,  Stewards,  and  Private  Gentlemen,  generally,  in  connection  with 
Valuing,  Surre^ing,  Bfulding,  Letting  and  Leasing,  Setting  on^  Disposing,  and  narticuUrl/ 
describing  all  kinds  of  Prop«fty,  whether  it  be  Land  or  Penonal  Property.    Useiul  to 
Auctioneers  Assnxanee  Companies  I  ^  an  rk'd  Proprietors 

Appraisers  Builders  Stewards 

Agrimlturists  Civil  Engineers  SurreyOTS 

Architects  Estate  Agents  Valnew,  &C. 

gt  lu  y  ubliallUi'iu  tUt  vvQu) 


NEW  LIST  OF  WOKK8. 
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THE  WORK  ON 

BRIDGES  OF  STONE,  IRON,  TIMBER,  AND  WIRE. 

In  4  Vols. bound  iD  3t  deseri1»ed  in  page^  8,  9,  10  of  the  larger  Catalogue  of  Piiblkatioiit;  to  nhUsh.  flie  foUoirfiig 

is  the  Supplement,  now  completed,  entitled 

SUPPLEMENT  to  'THE  THEORY,  PRACTICE,  AND   ARCHITECTURE  OF 
BRIDGES  01    STONE,  IRON,  TIMBER,  WIRE,  AND  SUSPENSION,' 

In  onft  Urge  8vo  volame,  irith  explanatory  text  and  68  Plates,  comprising  detuls  aad  measured  dimeaiknu, 

inPattsasibllofrs: 
Part  1  694 


>» 
n 
n 
n 


Hi.  . 

IV.  . 

V.  &  VI. 


6*< 

10«. 
20». 


Bound  in  balf^noroooo,  unifom  with  the  larger  -work,  price  £2»  10*.,  or  in  a  diiferent  pattern  at  ilie  aame  price. 


I.I8T  OF 

Cast-iron  girder  bridge,  Ashford,  Bye  and  Heatings  i 

Railway. 
Detailai  ditto. 

Elevation  and  plan  of  tmss  of  St.  Mary's  Viadnct,  | 

Chelteniiam  Railway. 
Iron  road  bridge  over  the  Railway  at  Chalk  Farm. 

Mr.  rairbairn's  holInTi--gIrflfir  bridgp  at  Blackburn. 
Watei-ford  and  Limerick  Kailvvay  truss  bridge. 
Hollow-girder  bridge  ovcr  the  River  Mcdlock. 
Railway  bridge  over  lagunes  of  Veuoe. 
Viaduct  at  Beangencf,  Orleans  and  Tonrs  Railway. 
Oblique  cast-iron  brid^^c,  on  the  System  of  M.  Polonceau, 

over  the  Canal  St.  Denis. 
Blackwall  Extennon  Railway,  Commerdal  Road  bridge. 
Pitto,  cn!ai^;ed  elevs&m  of  outside  girders,  with 

details. 
Ditto,  details. 
Ditto,  ditto,  and  sections. 
Ditto,  ditto,  ditto. 

Richmond  and  Windsor  main  line,  bridge  over  the 

Tliaiaes. 
Ditto,  details. 

Ditto,  ditto,  find  sections. 

Orleans  and  Bordeaux  Railway  bridge. 

Ditto,  actions  and  details. 

Ronen  and  Havre  Railway  timber  bridge. 

Ditto,  details. 

Ditto,  ditto,  and  sections. 

Viadnct  of  the  Valley  of  Malauncey,  near  Rouen, 

Hoop-iron  suspension  bridge  over  the  Sdne  at  Snresne, 

department  de  la  Seine. 
Koop-iroQ  suspension  foot  bridge  at  AbainviUe. 
Suspension  bridge  over  the  Donro,  iron  wire  suspen^n 

cables. 
Ditto,  details. 

Glasf;nw  and  SonthoWestem  Railway  bridge  over  the 

■water  of  Ayr- 
Ditto,  sections  and  details. 
Plan  of  the  cities  of  Ofen  and  Pesth. 
Sections  and  soundings  of  flie  River  Danube. 
Longitudinal  ^^tion  of  framing. 
No.  1  coffer-da^'  'X 
Transverse  fraiiuittMiAfiofflv-dam. 


VUiTES. 

Sections  of  Kos.  2  and  3  of  Coffer-dam. 

nan  of  No.  3  coffer-dam  and  ioe-hreakers. 

Plan  and  elevation  of  the  construction  of  the  scaffdldiitg, 

and  the  manner  of  hoisting  the  cbains. 
Line  of  soundin^^^'dam  longitudinal  sections. 
Dam  sections. 

Plan  and  elevation  of  the  Pestli  <:nspcnsion  bridge. 

Elevation  of  Nos.  2  aud  3  cofler-dams. 

End  view  of  ditto. 

Transverse  section  of  No.  2  ditto. 

Transverse  section  of  ooffer.daiB,  plan  of  the  Ist  eovrse, 

and  No.  3  j/ier. 
Veriicai  section  of  Nos.  2  and  3  piers,  showing  vertical 

l)ond-stones. 
Vertical  cross  section  of  ditto. 
Front  elevation  of  Nos.  2  and  o  piers. 
End  elevation  of  ditto. 
Details  of  ehuns. 
Ditto. 

Ditto  and  plan  of  nut,  bolt,  and  retainittg-linhs. 

Plan  and  elevation  of  roller-frames. 

Elevation  and  section  of  mmn  btoclcs  lor  ndsfaig  the 

chains. 

Ditto,  longitudinal  section  of  fixtare  pier,  showing 

timnel  for  cliaiiis. 
Plan  and  elevation  of  retaining-plates,  showing  maciuse 

for  boring  holes  for  retaining-bars. 

RetaininK  link  and  bar. 

Longitudinal  plan  and  elevation  of  cast-iron  beam  with 

truss  columns. 
Longitudinal  elevation  and  section  of  tmnlng,  dee. 
I  Plan  of  pier  at  level  of  footpath. 
.  Detail  of  cantilevers  for  supporting  the  balconies  rmud 

the  towers. 
I  Elevation  and  section  of  cantileveit. 
'  Detail  of  key-^lone  and  Hungarian  antis. 
Front  eievation  of  toll-houses  and  wing  walls. 
Longitudinal  elevation  of  toll-howe,  fixture  pier,  vring 

wall,  and  pedestal. 
Vertical  section  of  retaining-piers. 
Section  at  end  of  fixture  pier,  showing  chalnJioIeS* 
Lani[)  and  pedestal  at  entrance  of  bridge. 
Lanap  and  pedestal  at  end  of  wing  walls. 


Separttdy  sold  firom  the  above  in  a  volume,  price  half-bonnd  in  morocco  £h  12«. 

AN  ACCOUNT,  with  fflustrations,  of  the  SUSPENSION  BRIDGE  ACROSS 

the  RIVER  DANUBE, 

BT  WILLUM  TIERNEY  CLARK,  C.E.,  F.B.S. 
With  Forty  Engraringt, 
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JOHN  WEALE'S 


THE  AIDE-MEMOIRE  TO  THE  MILITARY  SCIENCES, 

Framed  from  ContrilnitionB  of  OBeem  of  the  different  Serriees,  and  edited  by  a  Committee  of 
tbe  Coips  of  Boyal  Engineers.  The  work  is  now  completed. 


Sold  in  3  vols.*  or  in  0  Parts,  as  fbUows : 


Fart  I, 

IT. 
III. 
IV. 

V. 
VL 


A.  to  D.,  N«W  EDITION 

T>.  to  F. 
F.  to  M .  . 
M.  to  P.  . 
P.  tolL 

B.  to  Z. 


£.  .». 
U  14 


16 
16 
14 

16 
0 


d. 

0 

0 

0 

0 

0 

0 


4  16  0 

The  saljocts  amply  and  practioally  treated  of  are  as  Mows  t 


Ahattk, 
Ammunition. 
AAemometer. 
Anti-Corrosion. 
ArUllerj'. 

AttAck  of  Ftximms  and  Posts. 

Appendix-^&ssauU. 
Barometor. 
Banioade. 

Barrier, 

Battery, 

Block. 

RIockadc,  Military. 
Blockhooae. 
Boat. 


PABT  A.  B.  C. 

SKETCH  OF  THE  SCI6NCB  AND  ART 

Botiibardment. 
Boots. 
BrMdi. 

Bridge,  Field. 

■  Pontoon. 

 Boat. 

-■■  Rope. 

■  Eoat  and  Kopc. 
- i  Cask. 

Twstie. 

 Raft. 

 Pile  and  Spar. 

 tJying,  Swing. 

— —  Flyug,  Trtil. 
— —  Reconstruction  of. 
— '    "    Field,  Dciuolition  of. 


OF  WAR. 
Hi  i(!gt^,  MasoBiy,  Demolition  of. 
EufiEalo. 
Bullock. 

Cable,  Chain. 

•  Hemp. 

CameL 

Camp,  Intrenched. 

Caponi^re. 

Capstan,  Fif^ld. 

Carriages  (lAnd  and  Sea  Senritt). 
Castrametation. 

Chcvaux-de-Frizc. 

Combustion,  Sf  ontaneous. 

Command. 

Compass. 

CoDtoaring. 


Dam,  temporary. 

Defimceof  bniUingatnd  villages. 

Defensive  elements. 

Defence  of  fortress^ 

Defensive  precantions. 

Defence  ofooaats. 

Defilade. 

DemoUtioa  of  Ytoxlu  and  iioildings. 
Demolition  of  artillery. 
Depression  eaniues. 
Derrick  (sheers,  &o.) 
Dialling 

Disembailmtaon  and  embarkation. 
Diving  dress  and  apparatus. 


Portifleation,  field. 

Fort,  permanent. 

Fort,  field. 

Fortress,  peitnanent. 

Fortresses,  fidd,  or  places  du  moment. 

Forts,  detaehed. 

FortificatiOB,  pennanent. 

Coehom's  ^stem. 
Bastion  do. 
MontrUembert's  do. 
Carnot's  do. 
Geman  do. 
relative  valne  of. 


»♦ 

n 
n 
n 
n 


tf 

n 
n 
n 
n 


PART  D.  E.  F. 

Draining. 
Electricity: 

Lightning  conductor. 

Electiotjrpe. 

Bx|dosion  of  powder. 

Electric  telegraph. 
Elepbaat. 
Embarkation. 
Bng^neer,  militsry. 
 civil 

Epauleineut. 
Eprouvette. 

Equipment  of  Artillery. 
— — —  Bnfjneer. 


PAET  F.  G.  H.  I.  K.  L.  M. 
Arsise. 

Furnace,  shot. 
Fuze  for  mines. 
Gabion. 
Galvanism. 

Geognosy  and  Geology. 

Grenade. 

Goard'bouse,  defensible. 
Gnerite. 
Gun  cotton, 
Gutuier. 
Gunnery. 
Gunpowder. 
Heat. 


Bquipment,  Navftl. 

.  American. 

 Mosket-baB  Cartridge. 

fiacalade. 

Evolntions  of  inftntry. 

  iutilleiy. 

_  cavalry. 

Pasciuc. 

Field  sketching. 

Fire,  vertical. 

 precautions  against 

 cart. 

Fonge,  bulk  and  vreight  oL 
Ford. 


Hone. 

Hurdle. 

Hut. 

loe. 

Kyanizing  and  BomettisiDg. 
Laboratory. 

T — ^ 

Loophole. 
Machioonlis. 

Magazine. 

Manoeuvres  of  cavalry. 
I  horse  artillery. 

Mantlet. 
Marine  artiileiT. 


NEW  LIST  OF  WORKS, 
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AIDE-MBMOIRB  TO  THE  MUtlTAKY  SCIKNCBS. 


Meteorologjr.  I 
Mining,  ndfitarf:  Part  i.  I 
Put  II. — Practical  operations.  I 

m.- — Charges  of  mines.  i 
IV 4 — Couut«r  01  defeosiTe' 

T.— 'Attack  and  defence  of 
countermines.  i 
Append  u — ^Minet  for  fidd  ser- 
vice. 

n^On  breacfaJng  ex 
perimeats. 


Palaeontology^ 
Pal  I,  a!,-.  —  Parapet, 
Pa«^ge  of  rivers. 
Part  I.— Military  operatioiis,  and 
the  constniction  of  tem- 
porary bridges. 
ii^Pwmaneiiit  bridges. 
UL— Ditto. 
Pendalam. 


PART  M.  N.  0.  P. 

Appendix  iii.— On  Ventilatioii. 
M  oantatn  artillery. 
Mountain  barometer. 
Mule  for  burden. 
Musket. 

Musketry  flie  and  practice. 

Observatory-,  astronomical :  Part  i. 
Part  II. — GhionoBieterii,  &c. 
ui^Portobk  observatories. 
IV.— Astronomical  instru- 
ments. 
Observatory,  Magnetieal. 

PART  P.  Q.  R. 

Penetration  of  projectiles. 

Petard. 

Planting  trees. 
Point-buudc 
Pontoon. 
Position,  miliiary. 

I  '      J  retrendied. 
Prisons,  military :  diadptine  and  jmt 

nagement. 


Appendix    On  tbe  books  and 
forma  used. 
Ordnanoi^  British. 

,  construct  ion  of. 
Part  I.— Casting  oC  iron  OKdnance. 
lu— Brass  do. 
III.— Maebni«ry,  Vooliricb. 
Ordnance  department. 
Oren,  field. 
'  ■   'i  permanent* 
Pah. 

Palanqne. 


Pjrrotediny,  military. 

Quarry. 

Quartering  of  troops. 

Railway. 

Reconnoitring. 

RcporUi,  military. 

River  and  inland  naTigation. 

Roads: 

Pert  i4 — ^Tracing  and  construction. 


Roads: 

Part  ii^Maintenance  of  Mac- 
adamixed  roads. 
Rod^t  axtiUery. 
Sanitary  preeaotions : 

T. — Ferer  as  an  army  disease. 

II. — Cholera. 
Sap. 

Shrapnell  shells,  or  spiierical  case. 
Shot  garlands. 
Si  t:!'  operations  in  India. 

 ,  irregular. 

 and  engineer  equipment. 

Sod-worlt. 
Staff. 
Statistics. 
Steam  engine. 


locomotive  t 


U — On  the  consumption  of  fttCl 

and  the  evaporation  of  water. 


PART  R.  S.  T.  V.  W.  Z. 

XI.  —  Resistances    to  Railway 
"nrains. 

III.  —  Qualifications  o£  Engine 

Drivers  and  Fire-men. 
IT. — ^Description  of  the  Lord  of 
THE  Isles  and  the  Lxvbe- 
Fooi,  locomotive  engines. 
— Tlie   T.ocomotiTe  Bngine 
Boiler. 

Stodtade. 

Street  fighting. 

Surveying  i  . 
Trigonometricil  survey.  ! 
Ordnance  surv^  of  Great  Britain 

and  Ireland.  , 
Swimming. 

Tactics  of  the  tluee  arms. 
Tambour. 

Telegraph,  field. 
<  — ,  universal. 

iNDBXt  AND  List  op  CosnmiBVTOBS. 


Tete  de  pont. 
Ttoos  delovp. 
Voltaic  electricity : 

I.— Invention  of  the  electric  tele- 
graph. 

iL^Traiumlssion  of  dedridty  to 
a  distant  place. 

ni. — Patent  ^  ^  r ;  i  n  ted  prior  to  the 

year  1838. 
nr.— Various  telegraphs  in  use  in 

England, 
The  submarine  telegraph. 
Water  meadows,  or  irrigation: 
I.— 'Historical  sketch. 
IT.— •Machines  for  lairing  water. 
Water  supply. 
Water-wheels. 
Weather. 
Wells. 
Zig.«ag* 
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American  ridlroads ;  steam  vessels. 
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Armstrong  (R.),  his  experiment  on  boilers. 
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Ballasting. 

Barlow's  (Mr.)  experiments. 
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Bcll-lianger's  prices. 
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Cask  and  malt  geugins^. 

Cast>iron  binders  or  joints;  Columns,  formulae  of; 
Cohunna  or  cylinden,  Table  of  diameter  of;  Hollow 
columni,  Tidjle  of  the  diameters  and  tliiclcness  of 
metal  of;  Girders,  prices  of}  Staaclieon!»,  Table  of, 
strcngtli  of. 

Chairs,  tables,  weights,  &c. 

Chatbnrn  fimeatone. 

Chimners,  &o.,  dimenaiODa  of. 

Cimunfereneea,  Ae.  of  drdes. 

Goal,  eviqEwrating  poirev  ((rf,  and  leaoHs  of  coking. 

Columns,  caat-iron,  weight  or  pressure  of,  strengih  of. 

Comparatiye  values  between  the  present  and  forruer 
measures  of  capacity. 

Continuous  bearing. 

Copper  pipes,  Tal*B  of  the  welgbt  of,  Table  of  tiie  bwe 

and  weight,  of  cocks  for. 
Copper,  wdght  of  a  lineal  foot  of»  round  and  square. 
Coraisb  pmnping  eoginea. 

Cotton  mill ;  Cotton  press. 

Current  coiu  of  the  principal  commercial  countries,  with 

their  weight  and  rdative  value  in  British  money. 
Digging,  welI>alnkiog,  &e. 
Dodcs,  dry,  at  Greenock. 
Dndning  by  steam  power. 
Dredging  machinery. 

Dwarf,  Table  of  experiments  with  H.  M.  screw  steam 

tender. 

Earthwork  and  embankments,  Tables  of  contents,  &c. 
Bxperiments  on  lectangnlar  bars  of  malleable  iron,  by 

Mr.  Barlow ;  on  ande  and  T  iron  bnrs. 
Fairbaim  (Wm.)  |  on  we  expansiTe  action  of  steam,  and 

a  new  constructioB  of  ezpsnsioB  valves  lor  condensing 

steam  engines. 
Pert  redue^  to  linlcs  and  decimals. 
Sire-proof  flooring. 
Tlour-mills. 
Fluids  in  motion. 

Francis  (J.  0.,  of  Lowell, Maasadiuseie), his water-wbcel. 

French  measures. 
Friction. 

Fuel,  boilers,  fumaeas,  fte. 
IVmiaees  and  bafOera. 

Galvanized  tin  iron  sTi(^el!;  in  LoudOII  OT  liTCrpool,  list 

of  gauges  and  weights  of. 
Gas-tabing  composition. 

Glynn  (Joseph),  F.R.S,,  on  turbine  water-wbcc!?. 
Hawksby  (Mr.,  of  Ts'ottingliam),  his  experiment*  on 

pumping  water. 
Heat,  Tables  of  the  effects  of. 

Hexagon  heads  and  nuts  for  bolts,  proportional  sizes 

and  weights  of. 
Hick's  rule  for  calculating  the  strength  of  shafts. 
Hodgkinson*8  (Bttton)  expericaaits. 
Hting^rford  Bridge. 
Hydraulics. 
Hydrodynamics. 
Hydrostatic  press. 
Hydrostatics. 

Imperial  standard  measures  of  Great  Britain ;  bon. 
Indian  Navy,  ships  of  war,  and  other  vessels. 
Institution  of  Civil  Engineers,  List  of  Members  of  the, 

coiTccled  to  M  vvb  15,  1852. 
Iron  balls,  weigiu  of  cast;  bars,  angle  and  T,  weiglit 
of;  eastings ;  experiments ;  hoop,  weight  of  10  lineal 

lieet;  lock  gates;  roofs;  tubes  for  locomotive  and 

marine  boilers ;  weights  of  rolled  iron. 
Ironmonger's  prices. 

Jost's  analysis  of  Mr.  Dixon  Robinson's  iimestooe. 
Latitudes  and  longitudes  of  the  priadpal  observatories. 
Lead  pipes,  Table  of  tiie  vreights  of. 
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1  Leslie  (J.),  C.E. 
Lime,  mortar,  cements,  concrete,  &C 
Limestone,  analysis  of. 
Liquids  in  motion. 

Locomotire  engine ;  Table  sbofwing  the  Speed  cf  an 

engine. 

Log  for  a  sea-going  steamer,  form  of. 

MacUnes  and  iooils,  prices  of. 

Mahogany,  ezperimeots  made  on  the  strength  of  Hon* 

duras. 

Mallet's  experiments  on  overshot  wheels. 

Marine  boilers  ;  engines. 
Masonry  and  stone-work. 
^TassachQsets  railroads. 
Mensuration,  epitome  ot 
Metals,  lineal  expansion  of. 
Morin's  (Col.)  experiments. 
Motion ;  motion  of  water  in  rivers. 
NaUs,  weight  and  Imgth. 

Navies  —  of  the  UnitSl  States;  Indian  Navy;  Oriental 
and  Peninsular  Company;  British  ^;avy;  of  Austria; 
Denmark ;  Naples ;  Spain ;  France ;  Germanic  Con- 
federation; Holland  ;  Portugal ;  Prussia ;  Sardinia; 
Sweden  and  Norway;  Turkey;  Eu&sia;  Koyal  West 
India  Mail  Company's  fleet. 

New  York,  State  of,  railroads. 

Numbers,  Table  of  the  fourth  and  flfHi  power  of. 

Paddle-wheel  steamers. 

Pambour  (Count  de)  and  Mr,  Parkes'  experiments  on 

boilers  for  the  production  of  steam. 
Pcacocke's  (R.  A.)  hydraulic  experiments. 

nie-driving. 

Pitch  of  wheds.  Table  to  find  the  diameter  of  a  wheel 

for  a  given  pitch  of  teeth. 
Plastering. 

Playfair  (Dr.  Lyon). 
Preserved  timber. 

Prices  for  railways;  paid  by  H.  M.  OflSce  of  Woriu, 

smith  and  founder's  work. 
Prony's  experiments. 
I  Proportions  of  Steam  engines  and  boilers. 
Pumping  engines ;  pumping  water  by  steam  power. 
Hails,  chairs,  &c.,  Table  of 

Railway,  American,  t^tatistics;  railway  and  buildiag 

contractor's  prices ;  carriages. 
Bain,  Tables  of. 

Rammell's  (T.  "W.)  plan  and  estimate  for  a  distributing 

apparatus  by  fixed  pipes  and  hydrants. 
Rennic's  (Mr.  Geo.)  experiments ;  (the  late  J.)  estimate. 
Roads,  experimpnts  upon  carriages  travelling  on  ordinary 

roads ;  influence  of  the  diameter  of  the  wheels ; 

Morin's  experiments  on  the  traction  of  carriages,  and 

the  destmctive  OBTects  which  th^  produce  upon  roads. 
Bobtnson  (Dixon),  his  experiments  and  mateiiaL 

Tvoofs  ;  covering  of  roofs. 

Ropes,  Morin's  recent  experiments  on  the  stiffness  of 

ropes;  tarred  ropes;  dry  white  ropes. 
Saw-milL  _ 
Screw  steamers. 
Sewage  manures. 

Sewers,  castings  for;  their  estimates,  &c. 
Signs  and  abbreviations  used  in  arithmetic  and  mafthc- 
matical  expresnons. 

Slating. 

Sleepers,  quantity  in  cubic  feet,  &c. 

Smeaton's  experiments  on  wind-mills. 
Smith  and  founder's  prices. 
Specific  gravity,  Table  of. 

Steam  dredging;  Navlgatim: :  Taldcs  of  the  elastic 
force  {  Vessels  of  war,  of  America ;  of  England ;  of 
Indw ;  of  several  maritime  nations. 
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Steel,  weight  of  round  steel. 

Stone,  per  lb,,  stone,  qr.,  cwt,  and  ton,  &e.,  TaUe  of 

the  price. 
Stonea. 

Strength  of  colnmM  t  Materials  of  oonstmction. 

Sugar-mill. 

Suspension  aqueduct  over  the  Alleghany  River;  Bridges. 

Table  of  experiments  with  II.  M.  screw  feteain  tender 
Dwarf;  of  gradientaj  irou  tooisi  lateat  heats  j 
paddle-wheel  steamers  of  H.M.  Service  and  Post. 
Office  Service;  pressure  of  tlie  wind  moving  at  given 
velociUea;  jMrices  of  galvanized  tinned  iron  tube; 
apedfieheata;  thecohoive  power  of  bodies;  columns, 
posts,  &c.,  of  timber  and  iron ;  the  comparadve 
strength,  size,  weight,  and  price  of  iron-wire  rope 
(A.  Smifli's),  hennpen  rope,  and  iron  chain;  cor- 
Teapottding  velodties  with  heads  of  water  as  Mgb  as 
AO  it,  in  ttet  and  decimals;  dimensions  of  tiie  prin- 
cipal parts  of  marine  engines;  effects  of  beat  on 
diffexent  metals;  elastic  l^roe  of  steam;  expansion 
and  denrity  of  water;  eipansion  of  solids  bjr  in- 
creasing  the  temperature;  expansion  of  water  by 
heat ;  heights  corresponding  to  diifercnt  velocities,  iu 
French  metres;  lineal  expansion  of  metals;  motion 
of  water,  asd  qnantities  discharged  by  pipes  of 
diilbrent  diameten;  power  of  metals,  Ac?  pressure, 
&c.,  of  wind-mill  sails  ;  principal  dinaensions  of  28 
merchant  steaiam  with  screw  propellers;  of  steamers 
with  paddle-wheels ;  progreasiTe  dilatation  of  metals 
hy  heat,  &c. ;  proportion  of  real  to  theoretical  disebai^e 
tbrougii  thin-lipped  orifices;  quantities  of  water,  in 
cubic  feet,  discharged  over  a  weir  per  minute,  &c. ; 
qnantitjr  of  water  discharged  per  minute ;  relative 
weight  and  strength  of  ropes  and  chains ;  results  of 
experiments  on  ilie  friction  of  unctuous  surfaces  ; 
scantlings  of  posts  of  oak ;  size  and  weight  of  iron 
laths ;  -weight  in  fts.  required  to  crush  1^-in.  cubes 
of  stone,  and  other  bodies  ;  weight  of  a  lineal  foot  of 
cast-iron  pipes,  in  M, ;  weight  of  a  lineal  foot  of  flat  1 
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bar  iron,  in  &s. ;  weight  of  a  lineal  foot  of  square 
and  round  bar  iron ;  weight  of  a  superficial  ftiot  of 
various  metids,  in  lbs. ;  weight  of  modules  of  elasticity 
of  various  metals ;  velocities  of  paddle-wheels  of  dif- 
ferent diameters,  is  fleet  per  minute,  and  British 
statute  miles  per  hour ;  showing  the  dimensions,  cost, 
and  price  per  cubic  yard,  of  ten  of  the  principal 
liridgcs  or  viaducts  built  for  railways,  and  also  ttie 
height  of  the  boiling  point  at  different  heights;'— to 
find  the  diameter  of  a  wheel  for  a  gben  pitch  of 

teeth. 

Tables  of  squares,  cubes,  square  and  cube  roots. 
Teeth  of  wheels. 

Temperature,  of  the  rdaliTe  indications  of»  hy  difiSerait 

thermometers. 
Thermometers,  Table  of  comparison  of  different. 
Timber  lor  carpentry  and  joinery  purposes;  Table  of 

the  properties  of  difiisrent  hinds  dT. 
Tin  plates,  Table  of  the  weight  oL 
Tools  and  machfoes,  prices  of. 
I^raetion,  Main's  experiments  on. 
Tred gold's  Rules  for  Hydraulics,  firom  BytdLwdn's 

iiiqaation. 

Turbines,  Beport  on,  by  Joseph  Glynn  and  others. 

Values  of  diffisrent  materials. 

Water-wheels. 

Watson's  (II.  H.)  analysis  of  limestone  ihnn  the  quar- 
ries at  Chatburn. 
Weight  of  angle  and  T  iron  bars;  of  woods. 
Weights  and  measures. 
West  India  Royal  Mail  Company. 
Whitelaw's  exjx  riments  on  turbine  \«rater-wheels. 
White's  (cf  Cowes)  experiments  on  Uondoras  mahogany. 
Widcsteed's  (Tbos.)  experiments  on  the  eraporating 

power  of  different  kinds  of  cnal. 
Wind-mills,  of  air,  air  in  motion,  &c 
Woods. 

Wrouglit  iron,  prices. 

Zinc  as  a  material  in  house-building. 
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BRICKLAYER  AND  SLATER. 
Design  or  Brickwork — technical  terms,  &c 
Foundations — ^Ardies,  inverted  and  erect — ^Wbdow 

and  othfr  aperture  heads — Window jamhs — Plates 
and  interual  cornices — String-courses — External 
cornices — Chimney  shafts— On  general  improve- 
ment of  brick  arcbitectore,  especmly  jfenestration. 
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DESIGNING,  MSASURINGi  AND 

Examples  of  Vauijikg. 

1.  A  yard  of  concrete. — 2.  A  rod  of  brickwoik. — 
3.  A  foot  of  facing.— 4.  A  yard  of  paving.— 5.  A 

square  of  tiling. 

DuSIONt    MKASUa£M£NT,     AMD     YAJbUATlON  OF 

Slatikg. 


CARPENTER  AND  JOINER. 

Dbsign  or  CAKfKNTuv — toclinif^al  terras,  &c. 

Brcfttouutmers,  an  abuse :  substitutes  for  them  — 
Joiats,  trimmmv  trimming-joists — Girders,  their 
abuse  and  r-ght  use — Substitutes  for  girdera  aud 
quartcr-pariitions — Quarter-partitions— -Koof-J&iain- 
ing^GlCat  waste  in  present  common  modes  of  roof- 
framing — To  determine  the  right  mode  of  subdi- 
Tiding  the  weight,  and  the  right  numbera  of  tiearen 
for  leaded  roofs — The  same  for  otlier  roofs — Prin- 
ciple of  the  truss — Consideratious  that  determine 
its  right  pitch— Internal  filling  or  tnuery  of  trassea 
— Collar-beam  trusses — Connection  of  the  parte  of 
trusses  —  Variations  on  the  truss;  right  litnits 
thecetO"To  avoid  fallacious  trussing  aud  roof- 
framing — Delorme's  xoofingj  ita  economy  on  cir- 
calar  plana — Useful  property  of  regular  polygonal 
plans — On  combinations  of  roofing,  hips,  and  valleys 
— Oa  guttersr  use  and  abuse — Mausorde  or 
curb^ofii. 

DE!^lGN  or  JoiVERY — technical  terms,  Sic. 
Mod^  of  finishing  and  decoiutiiig  paneUwurk— Dei^igu 
of  doora. 

Mbasttrbiomt  of  Carpenters'  and  Joinera'  wk— Ab> 

breviations. 

Modes  of  measuring  Carpenters'  Vpork — Classification 
of  labour  when  measored  with  the  timber — Classili- 
cationof  labour  and  nails  when  meaanred  Bc^parttdy 
from  the  timber. 
ExAMi'LES  or  Mbasummbnt,  arch  centerings. 

Bracketing  to  sham  entablatarest  gutters-^onnd- 
boarding,  chimney-gronnda,  aham  plinths— Sham 
pilasters,  floor-boarding,  moiddinga^Voorcaaes, 
doors,  doorway  linings  —  Dado  or  surbase, 
its  bast  coBstructioa — Sashes  and  sash-frames 
(examples  of  meaanrement) — Shutters,  boxings, 
and  other  window  littiogs — Staircases  sad  their 
fittings. 

ArcTRACTiiro  Carpenter*  and  Joiners'  work. 

Example  of  Bill  of  Carpenters'  and  Joinm'  work. 
Valuation  of  Carpenters'  and  Joiners'  work)  Memo- 
randa. 

Tablea  of  nnmbers  and  weights* 

TABI.B8  or  CONSTAKTS  OT  LABOVIt. 

Koofs,  naked  floors  —  Quarter-partitions,  Labour  on 
fir,  per  foot  cube  — Example  of  the  valuation  of 
deala  or  baitena — Constants  of  labour  on  deals, 
per  foot  superficial. 
Constants  of  Labovr,  and  of  nails,  sopantefy. 

On  battening,  weather  bosiding—*  Rough  lioarding, 
dml  floors,  batten  floora. 
Labovr  avi>  Nati^  togetiier. 

On  grounds,  skirtings,  gUttera,  doorway-l!r--ic<: — 
Doors,  framed  partitions,  mouldings  —  \\iudow- 
flttinga — Shutters,  sasbes  and  frames,  staircases — 
Stairca-  fittings,  \TaIl-strmgs— Dados,  sham  co- 
lumns and  pilasters. 

VaLXTATIOIf  OB  SAVnrSBA'  WORK. 


VALUING  ARTIFICERS*  WORKS. 

MASON. 

Df-stgn*  op  Ston'KMaso.n's'  work. 

Dr.  Robisou  on  Greek  and  Gothic  Architecture  — 
Great  fallacy  in  the  Gothic  ornamentation,  which 
led  also  to  the  modem  '  monkey  styles ' — '  Resto- 
ration' and  Preservation, 

Measurement  of  Stonemason's  work, 
Example  of  measuring  a  spandril  step,  three  methods 
— Allowance  for  Wwar  not  seen  in  finished  stona 
—Abbreviations,  Specimen  of  the  measiiring-hnok 
— Stairs,  Landings,  Steps,  Coping — String-courses, 
Plinths,  Window-sills,  Curbs  —  Columns,  Entabla* 
tures,  Blockings — Cornices,  Renaissance  Niches. 

Abstracting  and  Valttattok. 

Table  of  weight  of  stone  —  Talile  of  Constants  of 
Labour — Example  of  Bill  of  Masons'  wwlt. 

PLASTERER. 

Obsign-  or  P&ASTUUWORK  in  real  and  mock  Archi- 
tecture. 

Ceilings  and  their  uses — Unnecessary  disease  and 

death  traced  to  their  misconstruction  —  Sanitary 
requirements  for  a  right  ceiling  —  Conditions  to 
be  observed  to  render  domestic  ceilings  innoxious 
—Ditto,  for  ceilings  of  public  buildings- Bar- 
barous shifts  necessitated  by  wrong  cdlhig— 
Technical  terms  in  Plasterers'  woric. 

Mbasobbmbmt  of  Plaster-work. 
Abbreviations— Abstracting  of  Plasterers'  work — 
Example  of  Bill  of  Plasterers'  work. 

Vaiuatiow. 

Memoranda  of  quantities  of  materials — Constants  of 
Labour. 

SMITH  AND  POUNDER. 

;  Ok  the  Use  of  Mktal-work  in  Archh  licrtFRB. 
Iron  not  rightly  to  be  used  much  more  now  than  in 
the  middle  ages  —  Substitutes  for  the  present 

extravagant  use  of  iron — Fire-proof  (and  sanitary) 
ceiling  "and  flooring  —  Fire-proof  roof-framing  in 
bride  and  iron—* Another  method,  applicable  to 
hipped  roofs  —  A  mode  of  untrussed  roof-framing 
in  iron  only  —  A  piukciple  for  iron  trussed  roofing 
on  any  plan  OT  SClJe— Another  \ariatiou  liieFCof — 

On  the  decoration  of  metalUe  architecture. 
Mbasvumbnt  of  Sudtbs'  and  Founders'  work. 

PLUMBER,  PAINTER,  GLAZIER,  &c. 

Dbsigm,  &c.  or  Lbad-work. 

Measvrbmbnt  of  PAn#T.woB,K — Abbreviations. 

Specimen  of  the  measuniig-liooli — Abstract  of  Print- 
■work — Example  of  Bill  of  Paiat-work. 
Vaiuatiosj  of  Paint-work. 

Constants  of  Labour — Measurement  and  Valuation 
of  O1.ASING  —  Measurement  and  Valuation  of 

PAPBR-HAKOINa. 


APPENDIX  ON  WARMING. 

Modifications  of  sanitary  construction  to  suit  fbe 
English  open  fire — Mor«  economic  modes  of  warming 
an  puUic  buildings— Ditto,  for  private  ones— Warm- 
ing by  gas. 


NEW  LIST  OF  WORKS. 
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In  12mo.f  price  bs.  bound  and  lettered, 

THE  OPERATIYE  MECHANT^S  WORKSHOP  COMPANION,  AND 
THE  SCIENTIFIC  GENTLEMAN'S  PRACTICAL  ASSISTANT; 

Comprising  a  great  variety  of  the  most  useful  Rules  in  Mechanical  Science,  divested  of  mathe- 
matical complexity;  with  numerous  Tables  of  Practical  DatA  and  Calculated  Beaulto*  fo? 
^tGiUtating  Mechaoical  and  Comuiereial  Transactions. 

BY  \Y.  TE^dPLETON, 

AVTBOK  OF  MVXaAI,  SOnKTIPIC  WORKS. 

Third  edidon,  with  the  addition  of  Mechanical  Tables  for  the  use  of  Operative  Smiths,  Mill- 
wrights, and  Engineers ;  and  practical  directions  for  the  Smelting  of  IfotaUic  C^. 

CONTENTS. 


GEOMETRY. 
To  erect  a  perpendicular  on  a  right  line. 
To  erect  a  perpendicular  at  the  end  of  •  line' 
To  bisect  a  given  angle. 

To  describe  a  circle  ihrongb  ibxee  given  points  oat  of  a 

right  line. 
To  liiid  the  centre  of  a  given  circle. 
To  find  the  length  of  any  given  arc  of  a  circle. 
To  draw  a  tangent  to  a  circle. 

To  draw  lines  tow  ards  the  centre  of  a  circle,  the  centre 

being  inaccessible. 
To  describe  an  arc  of  a  circle. 
To  describe  «n  dlipse  or  oval. 
To  desciibe  an  elliptic  aidl. 
To  describe  a  parabola. 
T  )  measure  an  intercepted  Une. 
To  obtain  the  distance  of  an  inaccessible  object. 
To  find  the  distance  between  two  inaccessible  objects. 
To  design  a  be.im  of  stroiigesi  section. 
To  find  the  pi-oper  position  for  tlie  eccentric  iu  a  &team 

en|^e. 

To  determine  the 'proper  lenprth  of  VSlve  levers. 

To  inscribe  any  regular  polygon. 

To  construct  a  square  upon  a  right  line. 

To  form  a  square  equal  to  a  given  triangle. 

To  form  a  square  equal  to  a  given  rectangle. 

To  form  a  rectangle  equal  to  a  given  square. 

To  bisect  any  given  triangle. 

To  describe  a  circle  in  a  given  triangle. 

To  form  a  rectangle  in  a  givt^n  tiiangle. 

To  make  a  rectangle  equal  to  a  given  triangle. 

To  naake  a  triangle  equal  to  a  jy^ven  quadrUateral. 

.To  Harm  a  square  equal  to  a  given  circle. 

To  form  an  octagon  from  a  given  square. 

To  form  a  square  equal  to  two  given  squareB,  or  a  ctrde 

equal  to  two  given  circles. 
To  draw  a  line  equal  to  any  portion  of  a  circle's  drcam> 

fcrence. 

To  draw  a  spiral  with  uniform  spaces. 
To  draw  a  volute  for  the  Ionic  column. 
To  draw  a  scroll  fur  J  i  a- if  I- rails. 

To  find  the  angles  and  lengths  of  materials  for  pyramidal 
frustums. 

To  describe  the  proper  ibxm  of  matoial  bf  which  to  Ibnn 
a  cone. 

Sector  by  which  to  obtain  angle*. 

GEOMETRY  APPIJED  TO  MECHANICS. 
To  delineate  a  vee<threaded  screw. 
To  delineate  a  square-threaded  screw. 

To  determine  the  proper  forms  for  a  pair  of  bevel  wheels. 
Proportions  for  the  construction  of  toothed  wheels. 
To  delineate  wheels  by  orthographic  projection. 
Delineation  of  an  undershot  water-wheel. 

D£CI2kIAL  ARimM£Tia 
Definitions.— Redoctiott. 
Applied  examples. 


I  Definitiona  of  Arithmetical  Signs. 

I  British  Standard  Measures.— British  Special  Msasores. 

I  Decimal  App9roziniations.-~-Decimal  Equivaleats. 

MENSURATION, 
i  To  measure  the  sorfiue  of  a  square,  reetangte^  riiom> 

i     boidt  &c. 

Two  sides  of  a  triangle  gjven,  to  find  the  third  side* 

Utility  of  tiiuigles. 

To  find  the  area  of  a  triangle. 
!  Table  of  Polygons. 

Definitions  of  the  cirde. — ^Rules  in  relation  to  the  cirde. 

To  find  the  diMoeter  of  a  eirde  when  any  chord  and 
versed  sine  are  given. 

To  find  the  length  of  any  given  are  of  a  drde. 

To  find  the  area  of  the  sector  of  a  circle* 

To  lind  the  area  of  a  circular  ring. 

To  find  the  area  of  an  ellipse. 

To  find  the  area  of  a  parabola. 

To  find  the  solidity  or  capacity  of  any  cubical  figure. 

To  find  the  convex  surface  and  solidity  of  a  cylinder. 

To  find  the  length  of  any  cylindrical  helix. 

To  find  the  convex  surfiuDC  and  solidity  of  a  cone. 

To  find  the  solidity  or  capacity  of  any  frustum  of  a  eone 
or  pvramid. 

To  find  the  solid  contents  of  a  wedge. 

To  find  the  convex  surfiuse  and  solidity  of  a  sphere 
or  globe. 

To  fmd  the  convex  sutCace  and  solidity  of  the  segment 
of  a  globe. 

To  find  the  convex  smface  and  solidity  of  a  cylindrical 
ring. 

To  determine  the  proper  length  of  iron  for  a  ring  of 

given  diameter. 
To  determine  the  length  of  angle  iron  to  form  a  ring  of 

given  diameter. 
To  measure  the  capacity  of  a  locomotive  tender  tank. 

Table  of  Specific  Gravities  and  Properties  of  Metals, 

Table  of  Spedfie  Gravities  and  Froperti^  of  Timber. 

Table  of  Spedfie  Gravities  of  Liquids,  Gases,  &c 

Weights  of  various  measures  of  water. 

Table  of  the  Weight  of  Square  and  Round  Bar  Iron. 

Table  of  the  Weight  of  Flat  Bar  lion. 

Table  of  the  Circumftrenees  of  Circles,  from  1  inch  to 
20  feet  f  ths  of  an  inch ;  advancing  by  an  eighth. 

Table  showing  the  Weight  of  a  lineal  foot  of  Malleable 
Bectaogular  or  Flat  Iron,  from  ^th  id  an  inch  to 
3  indies  thick ;  advancing  by  an  eighth,  and  quarter 
of  an  inch,  in  breadth. 

Table  showing  the  Weight  of  a  liueal  foot  of  Bound 
Bar  Iron,  in  avoirdupois  qrs.  tt>s.  oz.,  from  ith  of  an 
inch  to  12  inches  in  diameter;  advandng  by  an 
eighth  of  an  inch. 

Table  showing  the  Weight  of  a  lineal  foot  of  Square 
Bar  Iron,  in  avoirdupois  qrs.  tbs.  oz.,  firom  ith  of  an 
inch  to  12  inches ;  advandng  by  an  eighth. 

T^e  oontsiidng  the  Circamlaeiices  for  Angled  Iron 
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THE  OPERATiVi:  MECHANI 

Hoops*  from  6  iiiehM  to  6  leet  in  diameter;  ad- 
vancing by  an  eighth  of  an  inclu— 'Aiif^  outside. 

Table  contaming  the  CircMmferenoes  for  ABgled  Iron 
Hoopi,  fkom  6  indies  to  6  feet  in  diameter;  ad- 
Wttdng  hj  an  eightli  of  an  inch.— Angle  inside. 

Proportional  breadths  for  six-sided  uuts. 

Talilt!  [  if  the  Weights  of  Sheet  Iron,  Copper,  and  BntlS* 

ComparatiTe  weights  of  different  bodies. 

Table  of  the  Weights  of  Cast-iron  Pipes. 

Weights  of  leaden  pipes. 

To  find  the  weights  of  pip^  of  Tarioua  mfft-ftlfft 

Weight  of  a  cubic  inch  ofTaiioiu  metals. 

Table  of  tiie  Weights  of  Cast-iron  Balls. 

Table  to  facihtate  the  Meaiuic  of  Timber. 

Table  of  Cubic  or  Solid  Measure. 

To  meaaure  battens,  deals,  and  planks. 

Table  ct  Scantling  Timber. 

INSTRUMENTAL  ARITHMETIC. 

Explanation  of  the  slide  rule. — Numeration. — To  mul- 
tiply by  the  slide  rule. — ^Prapoitwn.—liule  of  Thr^ 
Inverse. — Square  and  cubeiootsw— Measnreof  aqoares, 
rectangles,  &c. — Measure  of.circlea  and  polygons. 

fables  of  Uauge-roints  for  the  Slide  Role. 

llbuuration  ca  aolidity  and  capacity^ — ^To  compute  the 
pover  of  steam  engines. — Of  steam  engine  bnlers. 

COMMERCIAL  TABLES. 
Tables  by  which  to  facihtate  the  Calculation  of  i5rltish 
MonejTwTable  of  Equivalent  Prices. 

STRENGTH  OF  MATBRIALS. 
Deflnitioiu. 

Table  of  Tenadties,  Resistance  to  Compremioa,  &c.  of 

Various  Bodies. 
Table  of  Comparative  Strength  td  Bopea  and  Chains. 
Table  of  Metallie  Alloys. 

Besisiance  of  bodies  to  lateral  pressure. 

TaUe  of  Practical  Data. 

To  And  the  dimensions  of  a  beam  €if  timber  to  sustain  a 
given  weight. — To  determine  the  absolnte  strength 
of  a  rectangular  beam  of  timber. 

To  determine  the  dimensions  of  u  beam  with  a  i^ven 
degree  of  ^flection. 

Gaat.irott  beama  of  strongest  section. 

Of  wooden  beams,  trussed. 

Absolute  sta«Bgth  of  cast4ron  beams. 

Table  of  Dimensions  for  Cast-iron  Beams* 

To  find  the  weight  of  a  cast-iron  beam. 

Resistance  to  flexure  by  vertical  pressure. 

To  determine  the  dimensiotts  for  a  column  of  timber. 

Table  by  which  to  determine  the  DimenaionB  of  Cast- 
iron  C<^mns. 

Resistance  nt"  h -iriies  to  twisting. 

Relative  strength  of  metals  to  resist  torsion. 

On  the  Smelting  of  Metallie  Ores. 

Table  of  Squares,  Cnbes,  &c.  of  Numbers. 

MECHANIC  POWERS. 

Definitioiis,  &C. 

Rules,  first  kind  of  lever.  Second  ditto.  Third  ditto. 
Lever  on  a  safety-valve,  &c. — ^Whed  and  pinion,  or 
crane. — Rules,  fte. — The  pulley,  wHh  applications.— 

Inclined  plane. 

Table  of  Inclinations  and  Amount  of  Opposing  Re- 
sistance. 

LIST  O] 

A.  DelinP5ttin..i  of  Screws. 

B.  Illustration  to  the  Drawing  of  Bevel  Wheel*. 

C.  Orthographic  Projection. 

I>.  AwDlications  of  Mechanie  Powers. 
B.udF.  PmOMHotionii. 


3*6  WORKSHOP  COMPANION. 

I  Table  of  Inclined  Planes. 
The  wedge. — The  screw. — ^The  endless  soiew,  or  screw 
applied  to  a  whed* 

CONTINUOUS  CIRCULAR  MOTION. 
Definitions,  ^c^Praportional  diameterb  ul  wheels  to 
the  number  of  revolutions. — (X  a  train  of  wheels  and 
pinions. — Diameters  or  number  of  teeth  in  wheels  in 
proportion  to  their  velocities. — To  deternune  the 
proper  diameters  of  wheels  to  given  pecoliarities.1 — 
To  ind  the  proportional  wheels  for  screw  cutting  by 
a  lathe. 

Table  of  Change  ^fhoth  for  Screw  Cutting. 
Diameters  of  small  wheels. 
Table  of  the  Strength  of  Wheels  of  Cast  Iron. 
Tabic  of  the  Diameters  of  Wheels  to  contun  a  g^ven 
number  of  Teeth. 

PRICTION. 

PEOPERTIBS  OF  WATRR  AND  AIR. 
^ff'^U  produced    water  m  iff  naiurtU  riaie* 

The  pressure  of  fluids. — The  hydraulic  press. — The 
\\  eights  of  bodies  obtaiocd  by  diisplacemeiit  of  fluids. 
— Tiie  resistance  of  water  to  bodies  passing  through 
it. — Of  water  tlQ\ving  througli  orifices. — Discharging 
of  water  by  icctaugular  apertures. — Flowing  of  water 
through  pipes. 

Table  of  the  Diameters  of  Pipes  fmr  the  Discharging  of 
Water. 

Laws  of  the  gravity  of  water. — "Rules  relating  to  water- 
wliei^. — ^Turbines,  their  effects,  &c — Rule  to  calcu- 
late the  powers  of  turbines.r->Overshot  water  wheels, 
notice  of. 

^fieete  produced  eteam. 

Table  of  the  Elastic  Force  of  Steam. — Of  the  latent  heat 

in  steam. — Steam  as  a  motive  power.— Temperature 
of  steam.— Expansive  force  of  steam. — Table  of 
Hyperbolic  Logarithma.^Condensation  of  ateunu— 
Boiling  points  of  impure  water. 

^ffMe  produced  If  «ir, 

l^ble  of  the  Expansion  of  Air  by  Heai — Table  rdi^g 

to  Pumps.— Oxygen  of  the  atmosphere. — Resistance 
of  the  atmosphere. — Table  of  Atmoapheric  Porce.^ 
BfiiM:t  <tf  winfUmills. 

STEAM  ENGINE  BOILERS. 
To  determine  the  amount  of  heating  surface  in  a  boHer. 

— Of '^^  :M<:[:on.8hl4^botlelS. — Of  cylindrical  boilers. 

—  Maiiiii;  Ijoilers.  —  Locomotive  boilers.  • —  Heating 

powers  of  corabustibles. 
Observations  on  the  giving  an  order  for  a  steam  engine. 
Tkble  of  Dimensions  for  Steam  Engine  Cylinders. 
Units  of  nominal  power. — To  estimate  the  power  of  an 

engine. — To  determine  the  vdbcity  for  the  piston  of 

a  steam  engine. 
Table  of  Approximate  Velocities  for  Fistons. 
Table  for  Parallel  ^Motions. 

LOGARITHMS. 
Table  of  Logarithms. 

Table  of  Circumferences  and  Areas  of  Circles. 
Table  of  Square  and  Cube  Roots  of  Numbers. 
TaUe  of  Per-Centage  and  IMscooitt. 

PLATES. 

G.  Elevation  and  Section  of  an  Overshot  Water-Wheel, 

constructed  by  Messrs.  Dunkia  aud  Co. 

H.  Details. 

K.  Boilers  of  the  *Bn»ansa' steam  vessel^  by  Meisn. 

Bury,  Curtis,  and  Kennedy. 
L.  LocomotiTe  Boiler. 


MR.  AVEALE'S 

SERIES  OF   RUDIMENTARY  WORKS 

FOB  THE  USE  OF  BEGINNEBS. 


1.  Rndimeniaiy  CheioJstry,  by  Prof.  Fownes, 

F.IU8.,  indndiiig  Agricnltttnl  Cbemistry, 
for  the  use  of  Fttrmen.  4ih  edition .      .  1«. 

2.  —  Natural  Philosophy,  by  Charles 

Tomliiuou  It. 

8.  — — —  GeoIogy,byIieut.<>CoL  Portlock, 

F.R,.S.,  &c.   3rd  edition  .  .  U.6d. 

4,  5.  -■ "  '  Mineralogy,  by  D.  Varley,  2  voU.  2». 

6.  — «w^_  Mechanics,  by  Charles  Tomlio- 

ton    .......  Is. 

7.  Electricity,  by  Sir  Wflliam  Snow 

Harris,  F.HS.    3rd  edition.      .       .      Is.  (id. 

d,  9,  10.  Magnetiim,bvthesame,3vois.3«. 

11,  11*.  History  of  tiie  Electric  Tele. 

graph,  by  E.  Iligliton,  C.E.,  double  Part    .  2s. 

12,   •  I'licumalics,  by  Cbarki  Tomlin- 

soa  .Is. 

13,  14,  16.  — ->  Civil  Engineering,  by  Henry 

Law, CB.,  3  vols. :  and  15*.  Supplemeat,  is.  Sd. 
10,  _  Architect uie  (Orders  oO»  by 


W.  U.  Leeds.   2ud  editiou. 

Ditto  (Styles  of),  by  T.  Bury, 


17.  - 

Arcliitect 

18,  19.    Ditto  (Principles  ol  De»ign  in), 

by  E.L.  Garbett,  Architect,  2  vols.  . 

20,  21.    Perspective,  by  G.  Pyne,  Artist, 

2  vols.  3rd  edition  ..... 

22,  ■        Art  of  Building,  by  B.  Dobson, 
C.B  

23,  24. 


— — Briok- making,  Tile- 
making,  &c.,  by  the  same,  2  vol^.      .  • 

25,  26.   Masonry  and  Stoae-cut- 

ting,  by  the  same,  -with  illustrations  of  the 
precedhig,  ia  16  4to.  atlas  plates 
27,  28.  II        Punting,  or  a  Grammar 

of  Colouring,   by  George  Field,  Esq., 


29. 
30. 
31. 
82. 
33. 
34. 
85. 


2vob. 


Lands 


Druning  Pistricts  and 

-   ■  Draining  and  Sewage  of 

Towns  and  Buildings      .      .      .  . 

Well-sinking:  and  Boring, 


by  G.  R.  Buinell,  C.E. 

the  Use  of  Instruments, 


by  J.  F.  Heather,  M.A.  3rd  edition . 

Constraetiog  Cranes,  by 


J.Glynn,F.R.S.,  C.E. 

Treatise  on  the  Steam  £iigiue. 


by  Dr.  Lardner 

•~  Art  of  T51asl"in£f  "Rocks  and  Qnar- 


r)'ing,  and  on  Stone,  by  Lieut.-Gen.  Sir  J. 
Burgoyne,  K.C.B.,  R.E.  2nd  edition 
36,37,38,39.—  Dictionary  of  Terms  used  by 
Architects,  liudderi>,  Civil  and  Mechanic^ 
Engineers,  SoTveyoics,  Artists,  Ship*biiilders, 
dec,  4  vols.  ...... 

Art  of  Glsss-Staining,  by  Dr. 


4(k. 

41. 

42. 
43. 

44. 


M.  A.  Gessert 

Essay  on  Painting  on  Glass,  by 


U. 
1*. 
2«. 
2i. 
Is. 
2s. 

2s. 


2s. 
Is. 
Is. 
Is, 
Is. 
Is. 
Is. 


Is. 

4s. 

Is. 


E.  O.  Romberg  1^*. 

I    TfMtise  on  Cottage  Building  1*. 

Tubular  and  Girder 


Bridges,  and  others,  more  particularly  de- 
scribing tiie  Britannia  and  Conway  Bridges, 

Wtih  Bxpwiments  Is. 

■  —  Fonndttioos,  &&, 

by  £.  DobsoDi  C.£  1«« 


less. 

45.  Radimentaiy  l^eatise  on  Lunes,  Cementi, 

Mortars,  Concrete,  Mastics,  &e.,  by  Geo,  S. 
BumelLC.E  Is. 

46.  tlie  Art  of  Con* 

struc^g  and  Repairing  Common  Roads, 

by  H.  Law,  C.S  Is, 

47.  4ft,  49.  the  Constniction 

and  IlluDiination  of  Lighthouses,  by  Alan 
Stevenson,  C.B.,  3  vols.  .8s. 

50.  -II  I  I— — ..iM  the  Law  of  Con- 

tracts  for  Works  and  Services,  by  David 
Gibbons,  Esq.  Is. 

51,  52, 53.  i-i  Naval  Architec- 

ture, Princi|»les  of  the  Sdenoe,  by  J.  Peake, 
N.A.,3vol8.  3«. 

54.  Maating,  Mast- 
making,  and  Iliggin  g  of  SUpa,  by  R.  Kipping,  / 

55,  56.  ■   ■  I  I'l   Navigation?    the  / 

Sailor's  Sea-Book. — How  to  keep  the  log/ 
and  work  it  off — Latitude  and  longitude- 
Crest  Circle  Sailing — Law  of  Storms  and 
Variable  Winds;  and  an  Explanation  of 
Torms  used,  with  coloured  illustraiions  of 

EIa£;s,2vols  2s. 

57,  68.  the  Principles  of 
the  Art  of  Waruung  and  Ventilation,  by 
Chas.  Tomlinaon,  2  vols  2s» 

59,  Steam  Boilers,  by 

lU  Armstrong,  C.E.  .      ,      .      .      ,  Is. 

60,  61.  Land  and  Bngi- 

netring  Surveying,  by  T.  Baker,  C.E.,  2vds.  2s« 

62.  ■■    Introductory  C5fcci<hes  of  Bail- 

Ti^ay  Details,  by  R.  M.  Stephenson,  C.E.     .  Is. 

63,  G4,  65.    Trtatise  on  the  Construction  of 

Agricultural  Buildings  ;  on  .Motive  Powers, 
and  the  Machineiy  of  the  Steading ;  and  on 
Agricnitnral  Field  Engines,  Maemnes,  and 
III  .  'i  ll  c;  '     n  Mils.  (vol.  8  in  iJie preits)    .  3*". 

Go.  on    Clay  Lands  Md 

Loamy  Soils,  by  fwL  Donaldson,  A.  E.    *  Is. 

67^68.  ■  —  on  Clock  and  ^¥atch- 

making,  and  on  Church.  Clocks,  by  £.  B. 
Donison,  M.A.,  2  vols  2s. 

69,  70.  and  Practical  Tmtise  on  Musie, 

by  C.  C.  Spencer,  2  vols.  «      ,      .  .2s. 

71,  Instruction   fo»  Playing  the 

Piano-l^orte,  by  the  same  .      .      .  .Is. 

72,73,74,75.—  Treatise  (A  Maausl  of  the 
Mollusca)  on  Recent  Fossil  Shells,  by  S.  P. 
^Voodward,  and  illustrations,  4  vols.  {vols. 
3  l^^mikeprm)  4s. 

76,  77.  on  Desoiptive  Geo- 

metry, by  J.  F.  Heather,  M.  A.,  2  vols.      .  2s. 

77*.  ■  ■  oij  ri'iii.omy  of  Fuel, 

particularly  with  reference  to  Reverbexatoiy 
Pomaces  for  the  Manufacture  of  Iron  and 
Steam  Boilers  Is. 

78,  79,  79*.  •  ■  Treatise  on  Steam  as  applied 

to  General  Purposes  and  Locomotive  EOf 
giaes,  by  J.Sewell,  C.£.,  3  vols.      .      .  3s. 

79**.  Atlas  of  Plates  ilhistrative  of  ti»e  3  vols., 
in  folio,  and  us  a  Drsvring  Book  Of  Looo- 
motive  Engines,  price  7s. 

80^  81.  Bndimentary  Treatiae  on  Marine  Engines, 
and  on  the  Sovw,  &c,  1^  B.  Muray,  C.S., 
2  vols.  2s. 
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80*,  81*.  The  Pnetioa  of  BmlMaildng  Lands  from 

the  Sea,  treated  as  a  Means  of  Profitable 
Employment  of  Capital,  by  Jahn  Wi^ias, 
F.G.S.,  Land  Agent  eod  Surveyor,  2  vols. . 

82»  82*.  Hudimentary  Treatise  on  the  Power  of 
Water,  at  applied  to  drive  Flour-Miih,  by 
Jotepli  fflynn,  F.R.S.,  C.E. 

88,  Book^e^ng,  by  James 

Haddon*  H.A.  ..... 

82**,  83*. 


and  Practical  Treatise  on 
the  Mumfuiture  and  Distribution  oiCoal 
Gas,  by  Samuel  Hughes,  C.B.^vok. 

83**,    Treatise  on  theTJonstniction 

of  Locks,  by  A.  C.  Hobbs,  Mechanician, 
with  illnstratikiiis  

HATHBMATXOAIi  SSRIfiS. 

84.  Bodimentaiy  and  Blementary  Treatto  on 

Arithmetic,  the  Theory,  and  mimcrous  Ex- 
amples for  Practice,  and  for  Self-Examina- 
tion,  by  Prof.  J.  R.  Young         .       .  Is. 


29, 


2«. 

Is. 


(id. 


84*.  Kev  to  tbe  above,  by  Prof.  J.  R.  Young 
85.  Rndinientary  Equational  Aritbiaetic:  Qi 

tions  of  Interest,  Annuities,  and  General 
Commerce,  by  W.  Uipsley,  Esq. 
86>  87.  Blements  of  Algebra,  i<x  the 

use  of  Schools  and  Self-Instraction,  by 
James  Haddon,  M.A.,  2  vols.  . 
88, 89.  — — —  Principles  of  Geometry,  by 

Henry  Law,  C.E.,  2  vols  

%Q,    <  Analytical  Gev-^etrv,  by  James 

Hann,  Professor       .       .  . 
91, 92.  'l^reatises  on  Plane  and  Spherietl  'Jtngw 

nometry,  by  tiie  same,  2  vols.  . 
93.  Budiinentan,  Elements  and  Practiee  of  Men* 

suration,  by  T.  Baker,  C.E. 
94j9d.  ->  Treatise  on  Logarithms,  and 

Tables  for  facilitating  Astronomical,  Nauti- 
cal, Trigonometrical,  and  Logaritliuiic  Cal- 
culations, by  H.  Law,  C.E.,  2  vols.  . 

—  and  Elementary  Treatise  on 
Poipnlar  Astronomy,  bv  the  Rev.  Rob^t 

Main,  M.R.  A.S  

Principles  and  Practice  of  Sta- 


ls.6dL 


96» 


97. 


tistics  and  Dynanica,  by  T.  Baker,  C.E. 

98,  98*.  ■  Elements  of  Mechanism,  and 

Practical  Construction  of  Macliines,  by  tbe 
same,  2  vds.    ...  ... 

99, 100.  Theory  and  Practice  of  Nauti<»l  Astro, 
nomy  and  Navigation,  by  H*  W.  Jeans, 
R.N.C.,  Port  n  1,1    2  vols.  . 

101.  Rudimentary  Ditferentud  Calculus,  by  W.  S. 

B.  Woolhouse,  F.  R.  A.  S  

102.  —   Integral  Calculus,  by  Homer- 

sham  Cox,  M.A.      .       .       .      .  * 

103.   ■■  Collection  of  Examples  of  the 

Integral  Calculus,  by  Professor  James  Hann . 
104.  Collection  of  Examples  of  the 


2s. 
2s. 
Is. 
2«. 
Is. 


2s. 


Is. 


Is. 


2s. 


2«. 
Is. 

U. 
Is. 


Diffisientiel  Cslcnius,  by  J.  Haddon,  M.A.   .  Is. 


105.  Rudimentary  and  First  Mnemonical  Lessons 

in  Algebra,  Geometry,  and  Trigonometry, 
by  the  Rev.  Thomas  Penyngton  Kirkman, 
M.A.     .....      •     Is.  6<f. 
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1—10.  LONDON  described  and  iUnstrated, 


10  vols. 


ls.esob. 


SfiRXSS    OF  SDUOATIOMAb 
WQXKfl. 

1,  2,  CoNSTITVTtOKAI.  HiBTORT  OP  BtTOLAKD, 

2  vols. ;  vo\.  n.  in  the  prp^s 
*  r  3.  View  of  the  History  ok  Gn.££C£ :  in  the  jjress 

4.  HisTOKV  OF  Bomb:  ditto  .... 

5,  6.  A  Chronology  of  Civil  and  Eedesiastieal 
History,  Literature,  Science,  and  Art,  from 
the  earliest  time  to  1850,  2  vols. :  diffo 

7.  Grammar  of  the  I^ngUsh  Language,  for  use  in 
Schools  and  for  Private  Instruction,  by 
Hyde  Clarke,  Esq  

8,  8*.  Dictionary  of  the  Kngli&h  Language,  by 
the  same,  2  vols.:  m  the prm  . 

Grammar  of  the  Greek  Language :  ditto  . 
1 1.  Dictionary  of  the  Greek  and  English  Lan> 
guages,  2  vols.:  vol.  ii.  in  the  press  .  . 

English  and  Greek  Lan* 


2#. 
U. 
Is. 


29. 


9. 
10, 

12. 


gnagesi  intktpnu 

13.  Grammar  of  the  Latin  Language :  ditto 

14,  15.  Dictionary  of  the  Latin  and  English  Lan- 

guages, 2  vols.:  di//o      .      .      .  . 
16.  English  and  Latin  Lan- 


guages: ditto  ...... 

17.  Grammar  of.l;  I'  im  ch  Language,  by  a  distin» 

guished  Linguist:  m  ^Afj^rMS  .      .  . 

18.  Dictionary  of  the  French  and  English  Lan. 

guages,  by  the  same  :  fMtfo 

19.  '■■  -'  —  English  and  French  Lan- 
guages, by  the  same :  ditto 

20.  Grammar  of  the  Italian  Language,  by  Alfred 

Elwes  Is. 

21.  Dictionary  of  the  Italian,  English,  and  French 
Languages,  by  the  same  i  m  tie  preu      .  1«. 

Eughsb,  Italian,  and  Ereneh 


1*. 

2s. 
Is. 

2s. 

Is. 

Is. 

2s. 
Is.. 
Is. 
Is. 

\s. 


22. 

23. 


Languages :  in  the  press 

French,  Italian,  and  English 


SUPPLEMENTARY 


Langui^es:  ditto 

24.  Grammar  of  the  Spanish  Language 

25.  Dictionary  of  the  Spanish  and  English  Lan- 

guages: m      7;  re.s.v        .      .       .  , 

26.  ——————  English  and  Spanish  Lan> 

guages:  ditto  

27.  Grammar  of  the  German  Language,  by  G.  L. 

Strausz,  (Ph.  Dr.)    ,       .      .      .  »  . 

28.  Classical  Germait  Reader,  from  the  best  Anthors 

29.  do,  31.  Dictionaries  of  the  English,  German, 

and  French  Languages,  3  vol$. :  in  the 
prets  

TO    THE  SEBZB8. 


Is. 

Is. 
Is. 

Is. 

Is. 

U. 
U. 
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Domestic  Msoicinsi  or  complete  and  compc^eusive  Instructions  for  Self.ald  by  simple  and  eiBdent  Means  for 
the  Preservation  and  Restoration  of  Health ;  originally  vrritten  by  M.  Raspdl,  and  now  fully  translaied-and 

adapted  to  the  use  of  tlie  British  public.  This  work  is  addressed  to  the  lieads  of  fatnllies  anrl  also  to 
pTOMsnonal  and  working  men,  who,  finom  sedulous  application,  are  paiticularly  susceptible  of  moibid 
affections.  Is.  6d, 
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